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Abstract  

Engaging the public in sustainable actions is essential for reaching local and global sustainability 

goals. The first two research questions of this dissertation focus on strategies to reduce 

contamination of waste in private and public areas through active and passive prompts, and 

immediate feedback on errors. The third research question expands the behavioural analysis to 

examine willingness to act in several pro-environmental domains: waste, water, food and 

biodiversity. Together, this thesis aims to contribute to best practices in the field of waste 

diversion, community engagement and long-term pro-environmental behaviour change.  

 

The first study of this dissertation shows that providing active guidance during a public festival 

helped people sort waste significantly better than stand-alone prompt interventions of 2D signage 

and real-life 3D items. The effects were consistent across all waste streams and show the 

importance of guidance and feedback at the time of sorting to help reduce contamination and 

achieve zero waste goals. The second study demonstrated that immediate feedback on sorting 

errors through a computer game also improved sorting accuracy in the lab, and benefits persisted 

even when feedback was removed in the second trial. The game was additionally tested in a field 

study in student residence buildings, resulting in the weight of compost materials increasing 

while bin contamination decreased. The third key finding of this dissertation demonstrates that 

botanical gardens can help engage local visitors in sustainability topics through team-building 

activities while immersed in nature. After their visit, participants were more knowledgeable 

about environmental issues, more connected to nature, and showed greater willingness to engage 

in sustainability actions.  
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These findings in aggregate suggest that active guidance, timely feedback, and engaging nature 

tours can be effective tools to raise awareness and educate the public in recycling and 

composting adherence. However, knowledge alone is insufficient to lead to pro-environmental 

behaviour if the overarching systems of provision are not designed to leveraging peopleôs desire 

for convenience and behavioural shortcuts. In addition to environmental education and 

awareness, special attention needs to be paid to convenience, socio-normative cues and material 

infrastructure.  
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Lay Summary  

This dissertation explores theory and practice behind strategies that engage individuals and 

communities in sustainable actions involving waste, water, food and biodiversity. Using 

quantitative experiments, I test strategies that help reduce recycling and composting 

contamination of consumer waste and assess the impact of nature-based education tours on 

participantsô willingness to act sustainably. Use of a computer game to teach better sorting and 

providing active guidance upon waste disposal significantly reduced contamination of waste 

streams. Botanical gardens and nature-based educational organizations can contribute to 

sustainability engagement with tours and programs that raise participantsô environmental 

knowledge, attitudes and willingness to act. These studies confirm that various forms of 

feedback can improve peopleôs knowledge and willingness to act. However, knowledge alone is 

insufficient to lead to pro-environmental behaviour if  external factors (infrastructure, 

convenience, or incentives), are not designed and aligned to support peopleôs long-term action.  
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Preface 

My dissertation consists of six chapters. I am the sole author of Chapters 1, 2 and 6, first author 

of Chapters 3 and 5, and a co-author with equal contribution of Chapter 4. The experiments in 

Chapter 3 and 5 have been published, and the experiments in Chapters 4 are currently under 

review in a peer-reviewed academic journal. My contributions in research Chapters 3, 4, and 5 

include identifying research questions, designing the experimental protocol, collecting data, 

performing data analysis, interpreting the results, and writing the manuscripts for publication.  

 

Study I (Chapter 3): Toward zero waste events: Reducing contamination in waste streams 

with volunteer assistance  

I am the first author of this study. I devised the research questions with help of Dr. Jiaying Zhao 

and planned the experiment parameters to compare the effectiveness of various prompts and 

volunteers on waste sorting accuracy. I conducted the data collection and data analysis, and with 

feedback from Dr. Zhao interpreted results and wrote the manuscript. Revision of the manuscript 

was assisted with comments from Dr. Zhao and Dr. Tara Moreau (UBC Botanical Garden), 

along with three anonymous reviewers who provided constructive comments on the scope of the 

work. The manuscript has been published in Waste Management and can be accessed at: 

https://www.sciencedirect.com/science/article/pii/S0956053X18301727.  

The methods and research protocol were approved by UBC Behavioural Research Ethics Board, 

Number: H15-02949.  

 

 

https://www.sciencedirect.com/science/article/pii/S0956053X18301727
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Study II (Chapter 4): Beyond posters: Using a digital sorting game feedback to improve 

recycling and composting accuracy  

I am the second author with equal contribution with Yu Luo (a masterôs student from 

Psychology). For this study, I contributed in design of the online sorting game, the feedback 

script, and the research questions. I conducted the field study (Experiment 3), organized the 

game playing sessions in the lobby, managed the RAs, collected the data and did the data 

analysis. Yu Luo was the lead on design of the sorting game, conducted the lab studies 

(Experiments 1 and 2), did the data analysis, made figures and wrote up the analysis. Dr. Zhao 

provided feedback throughout the study and in interpretation of the results, and I co-authored the 

manuscript with Yu Luo. Dr. Zhao provided comments on the manuscript which has been 

submitted for publication and is currently under review. The methods and research protocol was 

approved by UBC Behavioural Research Ethics Board, Number: H15-02949.  

 

Study III (Chapter 5): Sustainability education in a botanical garden promotes environmental 

knowledge, attitudes, and willingness to act 

I am the first author of this study and was responsible for devising the research questions and the 

survey instrument, conducting the surveys, analyzing the data, and writing the manuscript. Along 

with Dr. Zhao, Dr. Tara Moreau (UBC Botanical Garden) and Oliver Lane (Society Promoting 

Environmental Conservation), I helped finalize the Field School tour protocol, script, and 

activities. Dr. Zhao helped with data interpretation, and I wrote the manuscript. Dr. Moreau, 

Oliver Lane, Dr. Zhao and three anonymous reviewers provided comments on the manuscript 

which has been published in Environmental Education Research. The methods and research 

protocol were approved by UBC Behavioural Research Ethics Board, Number: H17-01766. 

https://www.tandfonline.com/doi/full/10.1080/13504622.2018.1492705
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Chapter 1: Introduction  

Creating change to mobilize a transition toward a more sustainable future is one of the most 

significant challenges of our time. Scientists have urged for a substantial change in values and 

behaviour in every nation of the world, with a systemic and integrated collaborative work across 

sectors and nations to help societies move toward a more sustainable future (Lubchenco, 1998; 

Moore & Rees, 2013; Raskin et al., 2002). Despite the growing awareness of environmental 

problems and the collective need to act, change is difficult, and humanity has not yet set the 

course toward this significant transformation. Since peopleôs actions are at the center of the 

sustainability challenge, behavioural research is essential to help motivate mobilization toward 

achieving local and global sustainability goals. With an interdisciplinary perspective centered in 

environmental psychology, this thesis investigates feedback and education strategies that lead to 

motivation and adoption of pro-environmental behaviour1. One of the central focuses of this 

work is to examine approaches to reduce contamination of recycling and composting streams in 

household and public realms. In addition to waste, I also examine other environmental domains 

such as water conservation, sustainable food choices, and biodiversity conservation. All of the 

experiments are conducted within the context of the University of British Columbia (UBC) 

campus: in the lab, student residence buildings and the UBC Botanical Garden. As such, this 

dissertation also observes UBCôs role as an agent of change, and its institutional influence on 

behaviour, education and culture of sustainability.  

 

                                                 

1 I adopt Steg et al. (2014) definition of pro-environmental behaviour as any action that enhances the quality of the 

environment, regardless of the intent. Pro-environmental behaviour is synonymous with sustainable behaviour or 

sustainable actions.  
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Waste production and how we manage it is in many ways a telltale sign about our culture and our 

relationship to the environment. Are we a part of the nature or do we see ourselves as separate? 

Do we take resources, consume and dispose of wastes by burning or landfilling, or can we learn 

how to connect the systems of production with disposal to minimize negative consequences, and 

conserve energy and resources? Participation in actions like recycling and composting can also 

be a proxy for other pro-environmental behaviours (Holland, 2000), so the insights and strategies 

can have relevance to other sustainability domains. Urban waste management is a growing issue 

for cities and communities alike due to the environmental and financial costs associated with the 

collection, sorting, resource quality, and transport of waste (Statistics Canada, 2013). The focus 

on the waste sorting problem has also been inspired by my work with the UBC Campus & 

Community Planning department as a Zero Waste Coordinator. During my appointment over one 

million dollars worth of infrastructure was rolled out to boost recycling and composting rates to 

meet UBCôs Climate Action goals (UBC, 2015). Employed in this learn-work position for two 

years, I helped draft waste sorting education and outreach campaigns, trained food service staff 

in recycling procedures, and organized infrastructure upgrades in student residence and academic 

buildings. This involvement gave me first-hand experience about the need for strategies to 

educate and inform proper sorting practices, and the importance of infrastructure (i.e. bins, 

signage, convenience, consistency) as well as personal and social elements (i.e. peopleôs 

attitudes, perceptions, interests and norms) necessary for the success of waste diversion 

programs.  

 

Because recycling and composting has been around for a long time, I assumed that most of the 

consumer waste produced in big cities was diverted from landfill. I quickly learned that even 
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when people participate in the recycling and composting programs, the contamination2 inside the 

bins can be so severe to result in all the binsô contents going to the landfill. As more 

municipalities and communities throughout Canada expand their services to include separate 

food scraps/ organics collection and implement stringent regulations (such as no food allowed in 

garbage), participation in recycling and composting programs is increasing. However, an 

increase in participation does not solve problems of contamination of recycling bins and may in 

fact exacerbate it. Like motivating participation, contamination of waste streams can be caused 

by numerous factors, such as lack of knowledge on local sorting guidelines, missing or 

inconvenient infrastructure, or lack of personal or social norms. The growing complexity and 

variety of materials in the marketplace is another factor as it often confuses people when it goes 

against their intuition. For example, most single use coffee cups and containers are recyclable, 

but there are types which are compostable, biodegradable or disposable (non-recyclable), with 

different local guidelines signaling which bin they should go into, even if they look identical to 

the user. If a local composting facility cannot ódigestô rigid compostable cutlery and cups, even if 

it says compostable on the item, they must go into the garbage stream. Many items may look and 

feel recyclable but are not allowed in local recycling streams ï such as soft plastics, bags, 

styrofoam, propane tanks, tinfoil, or greasy containers. In fact, most household items, like 

toothbrushes, coat-hangers, ceramics, clothes, batteries and electronic waste are not accepted in 

standard recycling collection. Encountering these issues throughout my appointment made me 

change my perspective to become more sympathetic to peopleôs struggles to live and act 

                                                 

2 Contamination is a technical term for a non-recyclable material that should not be in that bin or waste stream. It 

can range from left-over food in a take-out container, a non-recyclable plastic packaging (like styrofoam, unmarked 

plastics or soft plastics), to other garbage items like coat-hangers, clothing or propane tanks.   
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sustainably. I recognized that asking people to participate in an environmental action, such as 

waste sorting or water conservation, is one thing, but having them be capable to do so is another 

problem entirely, if the available materials, local policy and economics are acting against their 

agency. I became curious about ways to motivate peopleôs participation in sustainable actions by 

enhancing their knowledge and willingness to act, examining the roles of attitudes, convenience 

and contextual factors.  

 

Next sections of this Introduction further outline the research context within the environmental 

and sustainability goals, including effective waste management, followed by a brief theoretical 

background behind the studies, and dissertation research questions and goals.   

 

1.1 Research Context 

1.1.1 Sustainability, Human Action and Waste Management 

The collective impact of human activities has caused adverse effects on Earthôs ecosystems and 

created a myriad of environmental problems (Sathaye et al., 2007), at such unprecedented levels 

that we have ushered a new geologic period called the Anthropocene (Zalasiewicz et al., 2010). 

More than 80 percent of Earthôs surface has been altered by human activity, two-thirds of major 

marine fisheries are overexploited or depleted, and a global biodiversity loss underway looms as 

the worst mass extinction since the dinosaurs (FAO, 2013; Folke et al., 2004). The unsustainable 

management of natural resources along with the changing climate is contributing to rising mean 

temperatures, destabilizing glacial ice-sheets, and threatening to weaken the North-Atlantic gulf 

stream, considered as the engine of the Ocean (Connor, 2015; Secretariat of the Convention on 

Biological Diversity, 2014). This increasing environmental degradation and modification of our 
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planetôs biological and physical systems is having serious and profound implications for all life 

on Earth, including the ability of our species to thrive, with expected and unexpected threats to 

current and future populations (Estes et al., 2011; Lubchenco, 1998). It is becoming apparent that 

the current trajectory of the ecological devastation cannot be halted or reversed without action to 

radically transform systems of provision and human consumption, and bring it in line with what 

natural systems can regenerate and support (Amel et al., 2017).  

 

Among the many environmental problems facing humankind, generation of consumer waste has 

reached unprecedented levels and requires direct attention (Geyer et al., 2017; UNEP, 2015). 

Consumer and household waste has numerous deleterious effects on human health and 

ecosystems (Schlossberg, 2017): from landfill emissions contributing to global warming, water, 

soil and air pollution from incineration or leaching, to the growing environmental threats of 

plastics bioaccumulation (Humes, 2012; Tammemagi, 1999). Negative effects of plastic 

pollution are particularly problematic since plastic polymers do not biodegrade and essentially 

turn into smaller pieces that bioaccumulate in the environment and build up throughout the food 

chain (Jambeck et al., 2015) . It is estimated that of 8.3 billion metric tons of plastic produced to 

date, only 9% has been recycled, 12% incinerated, leaving 79% accumulating in landfills and 

oceans (Geyer et al., 2017). Recycling rates in high income countries have been increasing over 

the decades (UNEP, 2015), with multi-stream bins becoming a common sight in cities and 

municipalities around Canada. However, the amount of residential waste has also been 

increasing. Residential waste in Canada has increased by 30% in the last decade, as each person 

throws out about 750 kilograms of waste on average every year (Statistics Canada, 2014). The 

overall recycling rate of household waste in Canada (e.g. mixed paper, plastics, glass, metal, and 
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organic matter) is currently estimated around 35% with some municipalities doing better than 

others (Dewis & Wesenbeeck, 2016; Statistics Canada, 2014). Canadaôs overall waste diversion 

is below the European average of 45% led by Germany, Austria, Wales and Switzerland at 

around 55 %3 (Paben, 2017). The reasons for Germanyôs success in waste management are a mix 

of strong government policies regarding producer responsibility which mandates a closed cycle 

system of provision, collection, and treatment of waste, as well as citizens embracing recycling 

(Nelles et al., 2016). Currently many communities in the world and in Canada rely on front-end 

sorting of waste (i.e. by households and consumers), but the contamination of compost, paper 

and containers streams poses a drawback to the programôs effectiveness and profitability 

(Thomas & Sharp, 2013; Varotto & Spagnolli, 2017). While the majority of household consumer 

waste (~70-90%) could be recycled or composted, most of it still ends up in landfills (Geyer et 

al., 2017; Hottle et al., 2015). Global Waste Management Outlook estimates that current global 

waste generation is around 3.3 million tons per day (UNEP, 2015), with this amount estimated to 

increase 70% by 2025, tripling by 2100 (Hoornweg et al., 2013).     

 

1.1.2 Motivating Pro-Environmental Behaviour Change  

This thesis is methodologically rooted in environmental psychology to investigate how 

individuals and communities experience and respond to environmental conditions, and how to 

motivate them toward sustainable actions. Since peopleôs actions are at the center of 

sustainability problems, it is crucial to study and understand the mechanisms that enable or 

constrain behavioural sustainability as people live their day to day lives. Tremendous progress 

                                                 

3 This recycling rate does not include waste to energy incineration.  
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has been made in the last few decades to better understand patterns of human behaviour and 

apply that knowledge toward motivating pro-environmental behaviour (Abrahamse & Steg, 

2013; Amel et al., 2017; Gifford, 2011).  Research in this arena has shown that human actions 

are determined by a large range of internal and external factors such as cognitive and affective 

factors, personal attitudes, social norms, habits, culture, materials and infrastructure, just to name 

a few (Gifford et al., 2011; Kahneman, 2011; Steg & Vlek, 2009; Weber & Johnson, 2012). This 

research has enlightened our understanding of human behaviour and given rise to new domains 

of research that applies behavioural principles from economics and psychology to motivate 

sustainable consumer behaviour and pro-environmental actions. Since human behavioural 

aspects are profoundly social and multidimensional, there are no quick fix interventions that can 

work for all types of sustainability problems due to the variability of factors (Jackson, 2005; 

Nolan et al., 2008; Shove, 2010). As we try to motivate individuals and communities into action 

we must remember that personal agency is often restricted by technical, economic or cultural 

factors, beyond oneôs control. As human behaviour and sustainability are extremely complex 

multi-layered phenomenon that cut across all disciplines and realms of life, it is practical to apply 

an interdisciplinary lens to study and try to solve such wicked4 problems as each discipline 

brings unique insights (Rittel & Webber, 1973). Furthermore, pro-environmental behaviour 

needs to be studied within the context in which it is generated, which for this dissertation is 

Metro Vancouver and UBC campus. 

 

                                                 

4 Environmental problems are ŀƴ ŜȄŀƳǇƭŜ ƻŦ ΨǿƛŎƪŜŘΩ ǇǊƻōƭŜƳǎ ǿƘƛŎƘ are difficult or impossible to solve for many 
reasons: incomplete or contradictory knowledge and opinions, large economic burden, and the interconnected 
nature of these problems with other problems. That said, wicked problems are very much worth working on!  
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While this thesis is primarily centered in literature from psychology, I also draw extensively 

from the socio-cultural and systems thinking literatures in my examination of pro-environmental 

behaviour. Experiments featured in this dissertation are grounded in practical context solving 

specific problems (such as inaccurate sorting or waste), but at the same time I examine how these 

behaviours come about and function as a sub-system of other systems. In other words, while 

individual and collective behaviour is at the center of my examination, it exists in larger system 

of multi-directional influences, that effect and reinforce behaviour over time, often in emergent 

and unpredictable ways with a force of their own (Meadows, 2002; Shove et al., 2012).  

 

I set out with the main premise that most people do not set out to be unsustainable consumers, 

but are implicated in ecologically disruptive practices set up by powers out of their control, 

where their intentions to be sustainable clash with other lifestyle desires and goals (Steg & Vlek, 

2009; Whitmarsh et al., 2013). Similarly, we often place expectations of people to ñDo the right 

thing!ò, think logically and exercise agency, when disciplines like behavioural economics have 

shown that this is simply not realistic for all people and all behaviours (Kahneman, 2011; Weber 

& Johnson, 2012). For example, most people likely do not want to emit tons of greenhouse 

gasses and melt away glacial ice sheets, but if their work requires frequent driving or flying, or 

they want to visit family and friends during holidays, they have little choice (other than 

abstaining from the action) to augment that aspect of their life which depends on the available 

technology and the energy that powers it. Likewise, people attend concerts and street festivals to 

have fun and enjoy entertainment, but when they buy foods and drinks at these venues they 

contribute to waste generation and contaminate recycling bins due to lack of knowledge, time, 

clarity of signage or other factors. As Herbert Simon pointed out: the complexity (and thus 
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unsustainability) of human behaviour is largely a reflection of the complexity (and 

unsustainability) of the environment in which humans live and act (Simon, 1996). Therefore, as 

we try to inform and engage individuals in pro-environmental actions, it seems pertinent to also 

examine the big picture of local contexts and social elements giving rise to and shaping human 

behaviour in powerful ways. At the heart of the matter is the idea that there are opportunities to 

intervene and design systems of provisions that support human desires for goods and services, 

while fulfilling long-term sustainability goals.  

 

1.1.3 Cities and Communities as Agents of Change  

Half of the worldôs population lives in cities consuming 80% of all energy and releasing 70% of 

all global greenhouse gas emissions (Seto et al., 2012). The urban metabolism and the ecological 

footprint of cities extends many times beyond the area which they physically occupy (Rees, 

2002). Cities will continue to have tremendous implications for global sustainability as 70% of 

global population is expected to live in cities by 2050 (United Nations Development Programme, 

2018). Cities and communities, like school campuses, have an opportunity to lead the change 

toward more sustainable practices. With the goal of urban sustainability and managing the 

growth of solid waste output, many municipalities in Canada have begun to set up 

comprehensive recycling and composting policies to increase waste diversion away from 

landfills (Environment and Climate Change Canada, 2014). To this end, Vancouverôs Greenest 

City 2020 Action Plan has established a waste diversion target of 80% by 2021, with a 50% 

reduction of solid waste going to incineration or landfill from 2008 levels (City of Vancouver, 

2012).  
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Located in Vancouver, Canada, the University of British Columbia (UBC) is matching the 

municipal waste diversion goal of 80% by 2020, and investing heavily in zero-waste5 

infrastructure, research and communication on campus (UBC Communications & Marketing, 

2017). These are some steps UBC and Metro Vancouver are undertaking to institutionalize 

sustainability through operations, infrastructure, education, and research with tangible targets 

and bylaws (i.e. no food allowed in garbage). In this way, cities, communities and campuses can 

build capacity to act as agents of change in sustainability through policies, bylaws, and 

infrastructural improvements to motivate action and the culture of sustainability over time.  

 

1.1.4 Waste Sorting Challenge: Participation and Contamination   

As mentioned, in many parts of the world effective waste diversion relies on public participation 

to correctly sort waste at home and in public using designated bins for paper, recyclable 

containers (metal, glass, and plastics), food scraps (organics) and garbage (Chung, 2018; Thomas 

& Sharp, 2013). Public engagement and knowledge of the sorting system is crucial to the 

recycling efforts, because they can dictate the frequency of participation, how difficult or 

important people perceive the behaviour to be, and their willingness to act (Best & Kneip, 2014; 

Schultz et al., 1995b). People may lack the know-how (knowledge and skills), past experience, 

materials (bins and signage), or have low personal values and attitudes, which affect both 

participation and bin contamination (Varotto & Spagnolli, 2017). While many approaches have 

been successful in increasing participation rates in recycling and composting (Best & Kneip, 

                                                 

5 Zero waste is defined as a process that emulates sustainable natural cycles so that all materials are designed to 

become a resource for others to use. Zero waste goals are nestled in the ñcradle to cradleò design and manufacturing 

process, as described and popularized by McDonough and Braungart (McDonough & Braungart, 2002).  
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2014; DiGiacomo et al., 2017; Miller et al., 2016), more research is needed on effective 

strategies to help reduce contamination of waste streams in family households, multi-unit 

residential buildings, and outdoor venues like festivals and events. As mentioned, contextual 

factors like the availability of bins, convenience, and social norms may all motivate people to 

participate in recycling or composting, but they do not guarantee the accuracy of sorting actions 

(Wu et al., 2016). By focusing on strategies that reduce contamination in waste streams, this 

thesis aims to fill in a crucial research gap, given that accuracy of sorting is directly related to 

achieving zero waste targets.  

 

Contamination in waste streams is a serious problem due to tremendous strain on local resources 

regarding costs, time and labour required to correctly re-sort items at a centralized sorting facility 

(Morawski, 2009). Often heavily contaminated collections require additional trucking to the 

landfill from sorting facilities, increasing GHG emissions and transportation costs of materials 

that could have instead been sold into manufacturing supply chains (Chung, 2018; Hershkowitz, 

1998). In Canada, many cities are striving to lower their contamination rates, especially 

communities that collect their recyclable containers, glass and paper comingled together 

(Statistics Canada, 2014). Contamination damages other materials as it moves through the waste 

management system, turning tons of otherwise good recyclable materials into garbage to be 

processed and shipped to the landfill. Cities that collect their materials comingled, like Toronto 

and Edmonton, often have the biggest contamination rates (between 25-27%) which reduces the 

amount of valuable materials that can be sold, increasing the costs of running the program 

(Chung, 2018). It is estimated that each percentage point decrease in a cityôs contamination could 

lower recycling costs by $600,000 to $1 million a year (Chung,  2018). Metro Vancouverôs 
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overall contamination rate is around 5% with specific streams for compost, paper, recyclable 

containers, and glass. At UBC6 when bins are contaminated past the agreed threshold (~5-10% 

depending on the material stream), the entirety of the binôs contents can be sent to the landfill. 

As a result, incorrect sorting can cancel out the positive intent of participation, and yet public 

participation is crucial for the success of the program. Therefore, in addition to promoting public 

participation in waste diversion, we must also encourage and promote accuracy of the actions, 

lessening contamination. An intake of thousands of new students every year creates a spike in 

contamination throughout the UBC campus (Bud Fraser, UBC Senior Planning and 

Sustainability Engineer, personal communication, 2016). Considering the ecological and 

economic implications of contamination, correct waste sorting can have direct contribution to 

sustainability targets and financial benefits that extend back to communities.  

 

The problem of participation and accuracy in recycling programs is often due to lack of 

knowledge and infrastructural conveniences, further exacerbated by the varied and numerous 

amount of packaging materials available in the marketplace. Audits have shown that people do 

not have trouble sorting pop cans or newspapers, finding these materials are accurately sorted 

around 88-96% of the time (UBC Communications and Marketing, 2014). Instead, people are 

struggling with mixed material items that have become more complex which has led to counter 

intuitive recycling assumptions. Contributing factors to contamination are the bin and signage 

discrepancies between Metro Vancouver regions. For example, paper bins on UBC campus are 

blue and container bins are grey, while Metro Vancouverôs colour scheme is yellow for paper 

                                                 

6 UBC is technically not a part of Metro Vancouver as it is located on the University Endowment Lands. 
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and blue for container bins. In city parks, there are often no recycling or compost bins due to 

wildlife concerns, and it is common to come across garbage bins in a variety of colours: grey, 

black, green and blue. Considering these differences and the complexity of waste management, it 

is unsurprising that people make sorting errors. Furthermore, this complexity also makes 

behavioural research interventions in this topic difficult because they must parse through the 

noise, inform, and simplify sorting behaviour without further overloading peopleôs mental 

capacities. Waste sorting is a two-part problem, both requiring participation in the program, as 

well as the ability to correctly sort and not contaminate waste streams. This is one of the main 

questions of this dissertation: how best to reduce contamination of the recycling and compost 

bins while working with peoplesô limited interests, knowledge, and time to motivate and inform 

better sorting practices. 

 

1.1.5 Education in Nature: Botanical Gardens and Sustainability Engagement  

While the first two research chapters (3 and 4) focus on the problems of waste sorting accuracy 

and contamination, Chapter 5 expands the analysis to examine willingness to act in other pro-

environmental actions, including waste, water, food and biodiversity. Working with the UBC 

Botanical Garden and Society Promoting Environmental Conservation, I study and evaluate the 

effects of an adult program advertised as a team-building retreat, aiming to engage employees of 

local businesses and organizations in topics of sustainability. Promoting public engagement is 

central to reaching local and global sustainable development goals, however this remains a 

challenge for governments, organizations, and institutions alike (Gifford, 2011; Weber & 

Johnson, 2012; Whitmarsh et al., 2012). In a culture where environmental problems are at least 

partially caused by a growing disconnection from the natural world (Suzuki & McConnell, 
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2007), botanical gardens and nature-based groups are uniquely situated to provide a contribution 

to sustainability education while fulfilling their other goals. Most botanical gardens around the 

world already promote research, plant conservation, and public education through courses, tours, 

and events (Dodd & Jones, 2010). With the growing awareness of environmental threats, there 

has been a rise in interest toward education for sustainable development, with gardens around the 

world working to broaden audiences and diversify programs (Williams et al., 2015). With over 

3300 botanical institutions and public gardens around the world receiving over 240 million 

visitors per year (Botanic Gardens Conservation International, 2018), there is a tremendous 

opportunity for these nature-based groups to re-connect communities with the natural world, 

illustrate the web of connections of ecosystem services, and motivate actions toward a more 

sustainable future. With this goal in mind, Chapter 5 evaluates strategies of collaborative 

community engagement and sustainability education, and its impact on participantsô knowledge, 

environmental attitudes and willingness to act in 20 pro-environmental behaviours.  

 

1.2 Research Questions  

Broadly stated, the purpose of this dissertation is to explore the theory and practice behind 

feedback and education strategies to engage individuals and communities in pro-environmental 

behaviours. Two research chapters are specifically focused on strategies that reduce 

contamination in consumer and household waste streams, while the third examines willingness to 

act in several sustainability domains, of which waste is one. Past studies on recycling and 

composting have often focused exclusively on participation and studied a single intervention, 

such as signs or behaviour modeling. My first study makes a contribution to literature by 

examining participation and contamination while testing multiple interventions which differ in 
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level of information and convenience provided, with theoretical and practical implications for 

effective design of future interventions. The second study builds on the premise that to correctly 

participate in waste diversion people need to know what goes where, but without feedback on 

errors people are likely to continue to contaminate bins and make errors. Since signs and posters 

are often insufficient, and volunteers and social modeling is not always available or practical, the 

second research question employs a digital sorting game to test the effectiveness of immediate 

feedback on sorting errors in the lab and under real-world conditions. Finally, the third research 

study expands the scope of pro-environmental action to examine the impact sustainability 

education tours can have on motivating general publicôs willingness to act. While each of the 

research chapters is focused on a specific research question, cumulatively they form a broader 

narrative about motivating pro-environmental behaviour.  

 

1. How do visual prompts compare with active volunteer guidance regarding waste sorting 

participation (weight of materials) and accuracy (contamination) across different waste 

streams?   

2. Can an interactive online sorting game, with immediate feedback on errors, improve 

sorting accuracy over time compared to standard recycling signage? 

3. What is the impact of a sustainability education program held in a botanical garden on 

peopleôs environmental knowledge, attitudes, and willingness to act? 

 

The overarching inquiry that connect the research chapters is concerned with catalyzing human 

agency and capacity toward sustainability (i.e. motivating pro-environmental behaviour), by 

leveraging and presenting information and feedback in new and useful ways. At the same time, I 
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observe behaviour as a system intertwined within larger systems (such as infrastructure and 

policy) which can limit or enable individual agency, looking for opportunities to design 

sustainability pathways that make pro-environmental behaviour take place by default whenever 

possible. Insights from this dissertation will provide valuable practical and theoretical knowledge 

for future of sustainability engagement and research.   

 

1.3 Description of Chapters  

Chapter 1 gives context on two key research areas of this thesis: issues regarding consumer 

waste management, and strategies to engage local communities through a nature-based 

sustainability education program and concludes with my research questions. Chapter 2 unpacks 

the theoretical underpinnings and literature which have informed studies in this dissertation. I 

focus primarily on the role and influence of information, education, social elements, and 

contextual factors in motivating pro-environmental behaviour.  

 

Chapter 3 is the first study and examines effectiveness of passive visual prompts and active 

volunteer guidance on reduction of contamination in recycling and compost streams during a 

popular public event: UBCôs Apple Festival. The problems of designing effective passive 

prompts and visual cues are brought to light, stemming from a mix of human, technical and 

economic factors. Complexity of take-out materials, the infrastructural ability to recycle and 

compost items, and environmental attitudes impact peopleôs ability to make optimal sorting 

decisions. The study highlights the effectiveness of trained volunteers giving guidance to help 

festival-goers sort their waste more accurately, which helps significantly reduce contamination of 

bins.  
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Chapter 4 builds on the findings that people need help to sort more accurately, examining novel 

strategies to facilitate learning of recycling guidelines to reduce contamination of bins.  

With a goal to move beyond flyers and posters, I help design a waste sorting game that provides 

immediate feedback on errors and test the effectiveness of the game in lab and real-world 

environments. The lab studies use motion tracking and compare sorting accuracy across the four 

waste streams (food scraps/ organics, containers, paper and garbage) with and without feedback 

of sorting errors. With positive learning effects in the lab, I deploy the game in one of the largest 

UBC student residences, and compare contamination levels to a building where residents did not 

play the game and instead relied only on signage posters in the recycling room. In addition to 

teaching UBC students better sorting habits, studies in this chapter also uncover and examine the 

most incorrectly sorted waste items on campus.   

 

Chapter 5 expands the behavioural focus to examine the effectiveness of Field School (FS), a 

community-based education program, to engage employees of local businesses and organizations 

in topics of sustainability. More specifically I evaluate a corporate team-building program 

delivered out of UBC Botanical garden which delivers activities and curriculum focused on 

waste, food, water and biodiversity. I examine the impact of engaging sustainability education on 

participantsô knowledge, attitudes, and willingness to act before and after their garden visit, 

comparing results to those of regular garden visitors who did not receive the FS program.  

 

Chapter 6 concludes the dissertation by summarizing the key findings from each chapter, their 

significance, research limitations and future directions. Reflecting back to the research questions 

and the theoretical frameworks discussed, I provide an overall synthesis of the research results, 
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their implication for pro-environmental behaviour and effective public waste management, and 

explain theoretical and practical significance of my research. 
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Chapter 2: Theoretical Background  

Since peopleôs actions are at the center of sustainability problems, it is crucial to study and 

understand the mechanisms that enable or constrain pro-environmental behaviour as people 

strive to achieve their daily needs. In recent years there has been a rise in interest in behaviour 

change approaches from community groups and policy makers, to help guide citizens into 

sustainable actions at home and in the public in order to address growing environmental 

problems (Dietz et al., 2009; Ehrenfeld, 2008; Weber, 2008). Research across various domains of 

behaviour change has demonstrated that there is no such thing as a simple solution to change 

given the varying environments, contexts and scales of the problem (Crompton & Thogersen, 

2009; Hjorth & Bagheri, 2006; Jackson, 2005). Instead, it is apparent that human action is 

determined by a large range of internal and external factors, such as cognition, emotion, 

environmental attitudes, social norms, past experiences and habits, cultural influences, 

economics and infrastructure, just to name a few (Kahneman, 2011; Steg & Vlek, 2009; Weber 

& Johnson, 2012). Most pro-environmental behaviours are dependent on additional factors like 

convenience and habit, and mediated by multiple values (i.e. social status, personal goals), and 

so peopleôs environmental motivations and actions will vary across populations and geographic 

contexts (Jackson, 2005; Stern, 2000). Wide-ranging investigations on behaviour and change 

have spawned a seemingly endless number of models and frameworks stemming from all 

branches of knowledge, with disciplinary boundaries that define the problem, level and the unit 

of the analysis (Jackson, 2005). Due to the epistemologically incompatible differences across 

disciplines in problem definitions and context scope, it appears that a unifying synthesis is 

simply an impossible endeavor (Darnton, 2008). Some traditions, like psychology and sociology, 

can have quite contradictory approaches to behaviour and human action which lead to very 
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different research activities and proposals for interventions. At the same time, exploring 

approaches from different disciplines for common themes and points of connection can lead to a 

better understanding of the problems and lead to a design of strategies with powerful and lasting 

effects. With the focus on effective communication and education to communicate sorting errors 

and motivate communities towards a pro-environmental action, this thesis draws primarily from 

the environmental and social psychology literature. At the same time, since the individual needs, 

attitudes and decisions are in large part constructed by the complex external systems of policy, 

technologies, infrastructures and institutions, I have explored an array of literatures and benefited 

tremendously from the insights of social sciences and complex systems thinking. The next 

sections unpack and discuss common behaviour change frameworks and elements which have 

been applied in this dissertationôs research, namely importance and influence of: i) knowledge 

and feedback, ii) social norms and attitudes, and iii) the contextual (i.e. material, infrastructural 

and environmental) factors.   

 

2.1 Early Models of Behaviour Change: Emphasis on Rationality  and Knowledge  

Among the many models of decision-making and behaviour change, the focus on knowledge, 

powers of reason and personal agency have been among the most dominant (Darnton, 2008). The 

early behaviour change theories were heavily influenced by the popularity and the reach of the 

classical economic theory based on instrumental rationality and expected utility theory 

(Armitage & Conner, 2001; McFadden, 1999). Following the individual agency and rational 

approach model, the early behaviour change models reasoned that human beings are logical, 

driven by utility maximization, and making use of information through objective deliberation 

(Ajzen & Fishbein, 1980; Becker, 1976; Friedman & Savage, 1948). Placing a strong emphasis 



 21 

on individual agency, personal norms, and the power of information as instrumental drivers of 

behaviour, these approaches often dealt with behaviours like gambling, investing, and health, and 

were centered on the utility maximization (Armitage & Conner, 2001). Information and attitudes 

are common factors in many psychological models on behaviour. For example, theory or 

reasoned action (Fishbein & Ajzen, 1975) and theory of planned behaviour (Ajzen & Fishbein, 

1980) are based on a deliberate calculation on the benefits and drawbacks on the consequence of 

actions, mediated by the available information, the subjective norms and the personôs intent to 

act. Theory of planned behaviour also contains óa perceived behavioural controlô to account for 

additional constraints that may influence behaviour, such as does the person have the power to 

act. Theory of planned behaviour has become one of the most widely cited and applied models 

with an empirical formula and the ability to predict 20-30% of the variance in some behavioural 

outcomes via intention (Ajzen & Fishbein, 1980; Armitage & Conner, 2001). Success of the 

rational choice theories inspired linear models of behaviour change, which assume a straight-

forward progression from environmental knowledge to environmental awareness and action, and 

gave rise to ñinformation-deficit modelsò of change, where the missing component for action is 

more information (Blake, 1999; Kollmuss & Agyeman, 2002; Owens, 2000).  

 

The underlying assumption of information based strategies is that people can be knowledge-

hungry and capable to act in line with their values and goals, but they might not know about a 

specific environmental problem, or what they can do about it, and so providing knowledge can 

increase awareness and concerns, encouraging individuals to change their behaviour (Schultz, 

2002). The information-centered approaches can work in instances when information is indeed 

the only piece missing, however, the criticism is that such assumptions over-emphasize the 
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power of individual agency and rationality, especially when it comes to a myriad of pro-

environmental actions, which are not all equal in difficulty or cost (Kollmuss & Agyeman, 

2002). This in turn can over-simplify the behaviour change problem and paint a rather optimistic 

version of human agency, where the solution to the behavioural conundrum is to keep providing 

more information with the emphasis on individuals to ñdo their partò and help the environment 

(Blake, 1999; Kollmuss & Agyeman, 2002; Whitmarsh et al., 2010). This approach is 

problematic because knowledge is often not the only barrier to inaction, and while information is 

often necessary it is not easy to communicate and provide to desired audience when needed, and 

therefore simply providing information is not sufficient to change most peopleôs unsustainable 

behaviours (Owens, 2000). Due to popularity of the early rational choice models, and the relative 

low cost of implementation, the information provision strategies have become deeply entrenched 

in the institutions and structures of modern Western society, and this model of thinking 

dominates much of the intervention widely deployed today (Jackson, 2005).  

 

2.2 Limitat ions of Cognition: Shortcuts, Biases and Convenience    

ñHuman beings, viewed as behaving systems, are quite simple. The apparent complexity of our 

behaviour over time is largely a reflection of the complexity of the environment in which we find 

ourselves.ò - Herbert A. Simon 

 

In contrast to the assumptions of the rational choice theory, behavioural economists have shown 

that people of all backgrounds and levels of education can make systematic errors of judgement, 

miss clear information or visual cues, and neglect to weigh the pros and cons of all possible 

outcomes before making decisions (Kahneman, 2011). In short, people have limited time and 

interests, and their mental capacities are susceptible to fatigue and lapses of judgement (Ariely, 

2008). Over the years, the behavioural research has demonstrated that peopleôs attention and 
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cognitive capacities are a precious resource, and we cannot expect people to be the heroic 

decision makers and agents of change on all matters, including sustainability. Instead the 

behavioural research has shown that much of our behaviour is instinctive, habitual and follows a 

path of convenience, simplicity and social cues (Kahneman & Tversky, 2001; Weber & Johnson, 

2012). This is just one of the reasons why installing more recycling flyers or posters will have a 

very limited effect on recycling participation or contamination, since people may not even see 

the poster, have the time or interest to read or memorize it, and they might have already pre-

sorted their waste in the apartment and no not want to exert more energy to sort. This lack of 

attention may also help explain why many of my early pilots to reduce contamination in compost 

bins through stickers and similar visual prompts were not very effective. 

 

Human decision-making (and thus behaviour) relies on the thinking and non-thinking elements. 

Importantly, it appears that the non-thinking elements operate most of the time, and are driven by 

habits, shortcuts, biases and emotions. They operate sub-consciously and help people navigate 

through the complex world (John et al., 2011; Kahneman & Tversky, 2001). Herbert Simon, 

coined the term óbounded rationalityô to explain that human beings have finite computational 

abilities and that the mind simply cannot absorb nor process all of the information in its 

environment (Simon, 1982). Dual process theory by Kahneman and colleagues added to the idea 

of bounded rationality showing that human minds operate through two distinct systems: System 

1 being rapid, automatic and associative; and System 2 as analytic, reasonable, and slow 

(Kahneman, 2011; Sloman, 1996). It is difficult to discern the way in which the two systems 

interact, but the key insight comes through acknowledgement that System 1 is on most of the 

time operating on an intuitive level, looking for patterns and shortcuts to decisions. Since System 
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1 is primarily driven by intuition, relying on rapid, automatic, and associative thought patterns, 

this system of thinking is prone to biases, which might be flawed, and errors of judgement 

(Kahneman, 2011). Some of the shortcuts to the automatic behaviour can be driven by heuristics 

such as framing, priming, anchoring, loss aversion, cognitive dissonance, and status quo 

preference; these heuristics, while important in helping people navigate the complexity of their 

world, contribute to errors in judgement as they operate sub-consciously (John et al., 2011; 

Kahneman & Tversky, 2001). These biases and cognitive errors often have self-reinforcing 

feedback loops which make it more difficult to change existing behaviour (Darnton, 2008). For 

example, confirmation bias can cause someone who isnôt in favor of recycling to search for and 

interpret information pertaining to recycling in a negative way so it confirms his or hers pre-

existing beliefs and/or behaviour and lack of action. That said, the balancing or reinforcing 

feedback loop can also be useful if the message is geared toward the benefits of pro-

environmental action for those who are already participating. Since intuitive automatic behaviour 

is borne out of past experiences it is possible to change it, but the behaviour needs to be targeted, 

not information which may fall on deaf ears.   

 

In comparison to the more automatic response of the intuitive System 1, System 2 involves more 

effort, concentration, and energy, all of which are scarce and limited resources in todayôs busy 

and complex world. As a result, System 2 is not always ñonò or capable of processing all the 

necessary information instantly or sufficiently. In a further demonstration of human cognitive 

limitations, insights from neuro-science show that the growth in information volume and 

complexity requires more adaptation and attention than ever before, yet, our modern brains are 

still very similar to our ancestors who lived thousands of years ago ï wired to rely on emotions, 
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storytelling, shortcuts, and a primary concern for our most immediate needs and closest 

surroundings (Marshall, 2014). This kind of wiring makes complex environmental problems with 

long-term horizons and often invisible cumulative effects, difficult to bring into peopleôs 

conscious awareness, let alone use it as a motivational cry for action. The problem of waste 

management falls into this category since it is something most people would rather not think 

about, and since it is taken away in such efficient manner, we never get to see the cumulative 

impact of our individual, let alone collective, daily waste generation and impacts.   

 

Currently, the recycling and composting infrastructure is set up to rely on citizensô abilities to 

self-educate and sort correctly to facilitate better material recovery downstream at the recycling 

plant. However, most people are not sorting experts and generally want to dispose of their waste 

quickly; if they make some errors along the way it is generally considered ógood enoughô. 

However, each of those individual errors adds up into thousands of contaminants at the facility, 

resulting in loss of time, revenue, and resources. The amount and diversity of take-out materials 

with ever-changing guidelines, and mixed messaging from multiple sources, makes citizen self-

education extremely difficult, resulting in intuitive error-prone sorting. For example: coffee cups, 

milk and juice containers should go into the recyclable container bins because they have a plastic 

lining inside, but people focus on the exterior paper coating look and feel of these items and 

incorrectly put the recyclable cups into the paper or compost bins. Similarly, dirty paper plates, 

paper towels, and napkins should all go into the compost bin since they are not clean sheet paper 

and cannot be made into another newspaper or a magazine, but people often place them into the 

paper bins since they are clearly made of paper.  
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The lessons from the behavioural economics on limitations of individual thinking and rationality 

in decision-making paints a limited role of individual agency, and demonstrates the need to 

simplify and streamline thinking and behavioural processes if we wish for peopleôs successful 

participation in sorting their recyclables. It also tells us it is possible to harness the intuitive 

habitual behaviour if we can kick-start people into action through convenience or other 

incentives. Looking across the disciplinary divides, these lessons fit well with social and 

environmental psychology, which also claims that most human actions are not consciously 

driven, but follow a path conditioned by the contextual environment and social norms (Cialdini, 

1993; Nolan et al., 2008; Sussman & Gifford, 2011). In other words, when people see other like 

minded individuals or groups participate in pro-environmental actions, they are more likely to 

reciprocate.  

 

In light of these insights, in order to work with peopleôs limited interests, cognition, and 

preference for defaults and status quo, there has been a shift in policy to help ónudgeô individuals 

and communities towards making better choices (John et al., 2011; Thaler & Sunstein, 2008). 

Nudge or ñArchitecture of Choiceò argues that people can be offered choices in such a way to 

help steer them toward desirable patterns of behaviour (John et al., 2009; Loewenstein et al., 

2014). This is done not by eliminating choices but by shifting defaults and layout of choices, but 

utilizing different forms of framing and contextual augmentation to change the default outcome 

of peopleôs decisions. This strategy has been found to be very effective in many social policy 

issues such as dealing with healthy eating, voting, organ donation, financial savings, as well as 

recycling (John et al., 2011; Thaler & Sunstein, 2008). Nudges work very well when there are 

simple places to intervene involving a default position. For example, in a school cafeteria 
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without changing the menu but simply shifting around the way the food was displayed (e.g. 

healthy food placed so it appears first), nudge influenced a healthier eating choice by up to 25% 

(John et al., 2009). Similar changes can be done with many environmental choices where 

defaults are wasteful or not necessary, such as changing the factory settings of household 

appliances (i.e, default setting for clothes washing in cold water), and providing convenient 

recycling bins with more consistency in layout, design, and associated messaging (Duffy & 

Verges, 2008). A recent study investigating convenience in high-density residential buildings 

showed that by moving recycling and compost bins closer to peopleôs apartments (1.5m from the 

suite door) boosted participation rates by 141 per cent (DiGiacomo et al., 2017). Therefore 

convenience and design of contexts can greatly motivate action, and requires thinking ahead of 

time to design systems that will enable peopleôs individual agency.  

 

2.3 But Wait - Knowledge and Feedback Matter!  

Currently, much of the waste diversion procedures in Canada and abroad rely on public 

participation to correctly sort waste at home and in public. Therefore, knowledge is a crucial 

component of the recycling and composting behaviour as it affects contamination and the 

effectiveness of the collection program. Along with infrastructure, lack of information and 

knowledge is recognized as one of the main barriers to participation in the recycling schemes 

(UBC Communications and Marketing, 2014; Varotto & Spagnolli, 2017). Many studies have 

demonstrated that education and increase in knowledge can help influence actions, and that 

increases in knowledge correlate with some pro-environmental behaviours (Bamberg & Möser, 

2007; Schwartz, 1992; Stern et al., 1999). For example, knowledge about recycling programs and 

sorting guidelines has been associated with increased recycling (De Young, 1989; Schultz et al., 
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1995), and knowledge in the form of feedback, with social norm comparisons, has also been 

effective in reducing consumption (Allcott & Rogers, 2012; Nolan et al., 2008; Owens, 2000). 

Providing information can be especially effective if people are already motivated to participate 

and the lack of knowledge on how to do it correctly is the key barrier (Mckenzie-Mohr, 2000).  

The role of information as feedback has been especially useful in many behavioural studies on 

water, energy and waste, whether by providing individual comparison of performance over time 

(De Young, 1989; Schultz et al., 1995), or showing comparisons with their neighbours 

(Abrahamse & Steg, 2013; Cialdini, 2003). When feedback on individual performance is 

personalized, frequent and gives social comparison with others, the more effective the 

behavioural intervention (Thomas & Sharp, 2013; Varotto & Spagnolli, 2017).  

 

Feedback strategies can also be combined with personal commitments or pledges, especially 

when aimed at specific goals or targets to achieve within a specific period of time (Lutzenhiser et 

al., 2009). Others have also pointed out how the power of information and feedback can be 

enhanced based on how the information is presented (i.e. clarity, visual appeal), who delivers the 

message (i.e. do they have trust-worthiness, expertise or high social standing) and what medium 

is used for delivery of message (i.e. a poster on a bus versus a viral meme / video). How 

information is delivered to its potential audience matters a great deal. Solely providing facts or 

general knowledge through posters and flyers is not likely to lead to behaviour change, 

especially when the contextual factors contribute to inhibition of action or a change in behaviour. 

As such, there are instances when it is necessary to communicate information and educate people 

using visually appealing and engaging methods, but there are also opportunities when nudging 
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and choice architecture are more suitable to change defaults so the sustainable actions can take 

place automatically.  

 

2.4 Att itudes and Normative Influence of Other People  

Research in psychology and sociology has shown that attitudes and values7 can influence 

behaviour in specific circumstances, and that many people who engage in pro-environmental 

behaviour typically have behaviour-supporting attitudes (Bamberg & Möser, 2007; Stern et al., 

1999). Similarly, people who engage in pro-environmental actions have stronger altruistic (or 

self-transcendent) values (Stern et al., 1995). The influence of norms and peer pressure has been 

shown as a powerful motivator for pro-environmental behaviour, as people look for social proof 

when constructing personal norms (Allcott & Rogers, 2012; Lutzenhiser, 1993; Schultz et al., 

2007). Social norms have a direct influence in personal attitudes and norms about environment 

and their role and responsibility to act, which can influence behaviour. Having more positive 

environmental attitudes, individually and collectively, can make members of the public more 

receptive to policy and innovation in sustainability (Tibbs, 2011).  

 

The interplay between the social and individual norms and level of agency has been 

conceptualized differently by different theorists. For example, in moral norm-activation theory 

Schwartz presents personal norms as originating from social interactions but arising from an 

individualôs innate values, and therefore óanchoredô in the self (Schwartz, 1992). Building on this 

approach, value belief norm theory, devised by Stern et al. (1999), postulates that pro-

                                                 

7 Attitudes are often defined as positive or negative feeling about some person, object, or an issue. Values are the regard that 
something is held to deserve the importance, worth, or usefulness of something. Beliefs are closely related to attitudes and 
refer to the information/ knowledge a person has about a person, object, or issue. 
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environmental behaviour can be influenced by personal values (biospheric, altruistic or egoistic), 

beliefs (ecological worldview and understanding of adverse consequences), perceived ability to 

act, and personal norms with sense of obligation to act. Findings revealed evidence that each 

variable in the chain can affect variables down the line, with personal norms connected to the 

individual values and the moral norms (Stern, 2000). The triggers to behaviour or personal norms 

can be initiated by social influences, and an awareness of consequences and responsibilities. 

When drawn attention to the norm it is internalized by the individuals as of their own and 

appropriated within their internal values, beliefs or attitudes. Using the theory of planned 

behaviour, environmental attitudes can be a predictor of pro-environmental behaviour, if the 

constraints of the behaviour have been addressed, such as the difficulty and individual 

behavioural control (Kaiser et al., 1999).  

 

Similar to the role of information, positive environmental attitudes alone are not enough to 

motivate specific actions, especially when the behaviour is difficult or costly (Darnton et al., 

2011; Gifford, 2011; Kollmuss & Agyeman, 2002; Stern, 2000). Values and attitudes toward 

pro-environmental behaviour also have a weak correlation when the psychological constructs are 

more general in nature (Gifford et al., 2011; Jackson, 2005a). For example, people may support a 

recycling policy, but they may not (always) participate, or do so correctly, depending on 

difficulty of the task and the required effort. There is also evidence that positive environmental 

attitudes and values tend to be linked with low-impact behaviours, whereas high-impact 

behaviours are primarily explained by contextual factors and typically more difficult to change 

(Gifford, 2011; Stern et al., 1999). Similarly, environmental values may not be relevant in 

contexts where individuals lack perceived self-efficacy due to feelings of helplessness 
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(Whitmarsh, 2009; Whitmarsh & OôNeill, 2010), or if an action conflicts with other life goals or 

requires self-sacrifice (Steg & Vlek, 2009). Incidentally this is often the case for actions with the 

biggest environmental impact, such as flying or eating meat, which is why Stern et al. suggests 

that the more important a behaviour is in terms of its environmental impact, the less it depends 

on the attitudinal variables (Stern, 2000). The same sentiment can apply to information centered 

campaigns.  

 

It is also important to note the plurality of values, meanings and motivations behind any 

particular behaviour: people may engage in pro-environmental behaviour (e.g. cycling to work or 

taking public transit), for reasons such as personal health or financial costs. While some actions 

might not be triggered by pro-environmental reasons, the environmental factors may come into 

play later, and act as an additional motivation that serves to reinforce the behaviour already being 

performed by the subject (Gatersleben et al., 2002; Sussman, 2015). Ajzen elaborated that in 

order to find a high correlation between attitudes and behaviour one has to measure the attitude 

toward a particular behaviour, and then add other predictors to the model since many behaviours 

contain automatic and habitual aspects not accounted for in earlier models (Ajzen, 2001). Other 

theories have also suggested that by engaging in the action and through positive experiences, 

behaviour supporting attitudes and knowledge form to further motivate the behaviour in a 

positive feedback loop (Bem, 1967; Sussman, 2015). This is another argument that pro-

environmental campaigns would be wise to focus on generating the behaviour, while boosting 

peopleôs knowledge and attitudes.    
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2.5 Contextual and Infrastructural  Influence  

As has been suggested throughout, socio-technical and contextual factors are also powerful 

determinants of individual behaviour and must be considered when formulating long-term 

meaningful pro-environmental change (Gifford, 2011; Hargreaves, 2010; Jackson, 2005; 

Rabinovich et al., 2012). Research has shown that external conditions influence behaviour both 

directly by defining available choices and their relative attractiveness, as well as indirectly 

through attitude formation (Jackson, 2005; Kollmuss & Agyeman, 2002; Stern, 2000). By 

making it possible for people to engage in behaviour because it is easy, convenient, socially 

acceptable and personally rewarding can make preferences more attenuated and increase the 

likelihood of behaviour change taking place (Crompton, 2010; Lucas et al., 2008; Steg & Vlek, 

2009). Any successful behaviour change intervention needs to consider the conditioning effects 

of contextual (social and physical) environments, and examine how its components shape and 

influence peopleôs actions (Jackson, 2005; Whitmarsh et al., 2010).  

 

The contextual components in any given situation will vary. They can be more immediate (e.g. 

the design/availability of recycling infrastructure in the building, or social norms present in the 

neighbourhood); but, they can also extend broadly throughout multiple geographic, political and 

economic settings. Design and functionality of recycling and composting infrastructure (e.g. bins 

inside the unit or in the recycling room), their availability, convenience, and appeal all matter 

because they help define contexts and enable habits that lead to sustained behaviour. For 

example, convenience of infrastructure cannot be overstated if the goal is to motivate behaviour. 

A recycling study showed that when garbage chutes are present in a building about 90% of the 

buildingôs waste is sent to the landfill; however, when the recycling bins were provided in every 
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hallway, the diversion rate was increased to 68% (DiGiacomo et al., 2017). Similarly, placing 

recycling and composting bins closer to the suite doors increased the recycling and composting 

rates by 141% (DiGiacomo et al., 2017). Consistency in the order of sorting bins, signage, and 

even the lid openings have been proven to make a difference in amount of waste diverted (Duffy 

& Verges, 2008). Simply being situated in a more sustainable LEED designed building can 

influence people to participate more in waste diversion compared to a building that was not 

designed with sustainability in mind (Wu et al., 2016). In other words, building on the insights 

from cognitive studies, people can learn subconsciously and can quickly adapt to different 

contextual cues, if they are made salient.  

 

A large component of the waste contamination problem (and the knowledge gap) is due to the 

complexity of the whole waste management system: the diverse number of takeout and 

household materials available in the marketplace, the infrastructural discrepancies, policy 

differences between communities, and the market factors that all shape the affordability and 

recyclability of various materials. There are collection, signage and infrastructure discrepancies 

regarding materials even within close communities, let alone across Canada coast to coast. For 

example, UBC does not allow pizza boxes or rigid compostable utensils in the compost bins as 

they donôt break apart in their composting machine8, but Metro Vancouver does allow them 

since the materials are sent to an industrial composting facility. Paper bins on campus are blue 

and container bins are grey, while Metroôs colour scheme is yellow for paper and blue for 

container bins. Similarly, cutlery and take-out containers that donôt have a recycling number (or 

                                                 

8 UBC invested in their own composting machine in 2000. The in-vessel composting facility is ƭƻŎŀǘŜŘ ŀǘ ¦./Ωǎ 
South Campus and is capable of processing 5 tons of organic waste daily. The Building Operations are responsible 
for pick up, drop off and cleaning of all green organic bins on campus.  
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made of mixed plastics) appear recyclable but are not actually accepted in the local collection 

systems.  

 

Given the lack of consistency and overall complexity required in whatôs expected of them, 

people resort to decision-making shortcuts when asked to sort their waste. Inevitably, people can 

make errors, resulting in the contamination of recycling and waste streams in all the bins. The 

overwhelming amount of information that people are inundated with, combined with the 

complexity of materials and infrastructure they face on a daily basis, creates a cognitive overload 

which causes a trade-off between the effort (doing things quickly) and judgmental accuracy 

(doing things right). As Simon (1996) rightly pointed out, this leads to people choosing ña 

satisfactory optionò, instead of an option that is ñthe most optimalò (Simon, 1996). This evidence 

stands in stark contrast to the economic assumptions of a rational agent where humans are 

portrayed as rational utility-maximizing heroic decision-makers. When systems are complex and 

unclear, humans search for a ósatisficingô or ógood enoughô solution, instead of an optimal one 

(Simon, 1996). Expanding on this notion further, some have proposed that instead of the Homo-

Economicus of rational choice theories, people are more like Homo Efficens or cognitively 

efficient managers of massive complexity (Levine et al., 2015). This effect can be observed 

during festivals or outdoor events when people attempt to sort their waste: they approach the 

bins, scan for a moment and then place all of their contents into one bin that mostly fits the 

description. While this is may be considered completely normal and even órationalô behaviour 

(because it saves time), it creates contamination in the waste streams and leads to cumulatively 

(expensive) problems. In other words, successful participation in the recycling programs depends 

on many elements coming together: from individuals and their cumulative actions, to municipal 



 35 

and regional policies, available materials and technologies, and even to general economic factors 

that make certain processes and materials preferred and prevalent, and the whole enterprise 

feasible.  

 

2.6 Socio-Cultural Approaches to Behaviour  

While this dissertation did not specifically incorporate socio-cultural theory in any experimental 

intervention, its philosophical spirit was present throughout the work in order to examine pro-

environmental behaviour change from the socio-cultural and technical lens. As mentioned earlier 

in this chapter, there are significant epistemological differences between psychological and 

sociological approaches to behaviour and change. For example, the psychological approaches 

mainly focus on the individual behaviour, knowledge, attitudes, preferences, motivations and 

incentives. The cultural theories instead point toward the overarching culture, history and 

structures that enable the reproduction of the practice and their location of the social (Reckwitz, 

2002; Shove et al., 2012). Instead of behaviour, their focus is on ópracticeô which is best defined 

as a routinized type of behaviour which consists of several interconnected elements, that often 

include: i) bodily activities, ii) mental activities, iii) things and their use, iv) background 

knowledge and know-how, as well as v) motivation and emotion (Reckwitz, 2002). Founded on 

the works of Giddens and Bourdieu, the social practice theory has evolved as a response to the 

structure- agency dualism debate, incorporating both elements in the manifested practices 

(Gram-Hanssen, 2011). Giddensô structuration theory points to the interconnectedness of daily 

routines with the larger structures of institutions that organize and generate behaviour, meanings, 

symbols and relationships (Reckwitz, 2002). Where the psychological lens places the unit of 

analysis on individuals doing the action, the social theorists suggest studying the practice-as-a-
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whole (i.e. recycling, showering, car driving), with its material and cultural elements (i.e. 

objects, meanings and skills) and how they come together to form lives of their own (Shove, 

2003a). While social psychology incorporates the interaction of psychological, social and 

contextual factors, socio-cultural approach focus on connections between and across different 

elements and practices, including the systems of technologies, routines, markets and social 

expectations that take hold over what is considered normal life (Shove, 2003a).  

 

Despite the many theoretical and methodological differences between psychology and sociology, 

I believe there are points of connection that can be useful signposts for change strategies. The 

most obvious are the agreements on limitations of rationality and individual agency, and a 

recognition of unconscious layers of social organization (Reckwitz, 2002; Shove et al., 2012). 

Behavioural researchers have argued that peopleôs lifestyles and life goals ultimately drive 

unsustainable behaviour and consumption (Jackson, 2005; Steg & Vlek, 2009). Similarly, social 

theorists like Shove claim that peopleôs desire for services such as comfort, cleanliness and 

convenience are the primary reasons for the unsustainable practices (Shove & Pantzar, 2005). 

However, psychology and sociology disagree on research direction and activities. Psychologists 

may advocate for education, social interaction and choice architecture to help nudge individuals 

boost their agency and action. In contrast social practice advocates may use a range of methods 

such as historical data, interviews, and case studies to examine practices at different scales, how 

they nestle within and around each other, coming together or evolving. Both social practice 

theories and social-environmental psychology acknowledge the complexity of relationships, 

elements and inter-mingling of micro and macro levels, which strengthen or weaken action over 

time as more people are recruited into the practice. Going a step further however, akin to the 
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complex systems thinking, social practice theory embraces unpredictability, complexity, and 

emergent properties that cannot always be anticipated or controlled (Meadows, 2002; Shove & 

Pantzar, 2005). This approach is also consistent with living systems principles that highlight 

different scales of interaction, inter-dependent relationships, non-linearity of behaviour, feedback 

loops and emergent properties, just to name a few (Capra, 1996; Levin, 2005, 2014).  

 

Socio-cultural analysis of behaviour is very critical of the extent to which individuals can be 

autonomous agents and exert change onto the system, especially given that our individual actions 

are often mediated by a powerful socio-technical interface (Jackson, 2005). For social practice 

theorists, the choices and attitudes of individuals are more often secondary to the socio-cultural 

factors, because human behaviour is fundamentally social and embodied within a context-

dependent and co-creative environment, where individuals are seen as ócarriersô and reproducers 

of the practice (Reckwitz, 2002; Shove et al., 2012). With a long-term timescale, the focus is 

often on the history and evolution of óthe behaviourô over time, with observed practices, 

historically grounded  and integrated systems of related institutions, and infrastructures 

(Hargreaves, 2011).  

 

An interesting method of social practice theory is the use of three key elements (materials, 

meanings and competence) that can also be found in most pro-environmental behaviours, like 

recycling. These elements can also be represented as: i) infrastructure and materials (recycling 

bins, their availability and physical features, household materials and their properties), ii) 

knowledge and skills (knowledge of what goes into which bin and the embodied óperformanceô 

of effective sorting based on previous experience), and iii) meanings (social norms, personal 
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attitudes, motivation to recycle). While the social practice examines these elements as 

interconnected and how they evolve over time (giving rise to the practices), in this dissertation I 

am using them as contextual markers that can help us think through the problem of waste sorting, 

by determining the available choices, social influences and infrastructure, which normalize 

behaviour over time and create routines. Through this interdisciplinary inclination I am not 

proposing a simplified integration of different behavioural and sociological approaches. Instead I 

look for synergies across disciplines pointing out of possibilities for mutually-beneficial 

collaborations in the future. The combined insights seem to point to the importance of thinking 

and non-thinking components to human behaviour (with unconscious part playing a large role), 

social influences (importance of others around us and what they are doing), technology and 

materials we do things with, environmental policies, and the meanings and motivations behind 

actions (consuming goods and services with or without environmental predispositions).  

 

2.7 Synthesis and Research Direction   

Given the evidence showing that individual needs, attitudes and decisions are in large part 

constructed and determined by the complex external system of social norms, technologies, 

infrastructures and institutions (Cialdini, 2003; Jackson, 2005; Nolan et al., 2008), this thesis 

adopts the premise that people ought to be engaged in the sustainability endeavor as consumers 

and citizens, but they need help. Furthermore, since behaviour involves thinking and non-

thinking elements we should study the micro elements (individualôs cognitive and affective 

processes) as well as the macro elements (social, technical and contextual) which all influence 

the individual. While economic models of behaviour change emphasize the importance of 

individual agency, logic and rational utility maximization, work in behavioural economics and 
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other fields has demonstrated that many aspects of human behaviour are inconsistent with these 

rational actor assumptions (Kahneman, 2011; Kahneman & Tversky, 2001; McFadden, 1999). 

This finding is consistent with the research in social psychology, which has shown powerful 

influence social norms (i.e. thoughts and actions of other people) and the contextual environment 

on shaping individual behaviour (Stern, 1999). Similarly, socio-cultural theories point to the 

overarching socio-technical regimes, history, and culture which provide the context for the unit 

of analysis. Therefore, while people are at the center of the behavioural challenge, so are the 

built and natural environments that make it easier or harder for sustainable behaviour to take 

place, or become a common and acceptable thing to do over time.  

 

The next sections of this chapter unpack how these literatures have informed the behaviour 

change queries in this dissertationôs research, and introduce the research chapters to come. The 

three research chapters investigate the following: i) impact of passive and active feedback on 

contamination during an outdoor festival, ii) teaching better sorting through a game with 

immediate feedback on errors, and iii) public sustainability education and engagement with 

activities in nature. 

 

2.7.1 Design with Visual Prompts and Volunteer Assistance   

An under-served area of waste research involves strategies that help reduce contamination of 

recycling and compost streams in public domains. For example, public events and festivals can 

create a large amount of consumer waste, especially when food and drinks are sold (Hottle et al., 

2015; Martinho et al., 2017). Contamination of bins and improper waste sorting during events is 

influenced by infrastructural components, such as availability and the layout of the bins, as well 
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as the behavioural factors, such as limited attention, knowledge and time to sort (Duffy & 

Verges, 2008; Schultz et al., 1995). The ever-changing diversity of take-out materials that range 

from disposable, recyclable, biodegradable and compostable, adds to the confusion and sorting 

errors, especially when people have limited interest and time to sort. It is also not uncommon that 

different vendors at the same event will provide an item, like coffee cups, where some are 

compostable and others recyclable. With these factors combined, contamination of recycling and 

compost bins at events can be so severe that all of the bin contents are sent to the landfill. 

Previous research in the recycling domain has shown the importance of infrastructure 

augmentation and convenience (DiGiacomo et al., 2017; Duffy & Verges, 2008; Sussman et al., 

2013; Wu et al., 2016), and the effectiveness of prompts and visual cues via signage or personal 

modelling of desired behaviour (Miller et al., 2014; Schultz et al., 1995; Sussman et al., 2013). 

Salience of signage, bin colours and the layout are especially important in drawing peopleôs 

attention while reducing cognitive strain. While past studies have focused exclusively on 

increasing participation in waste sorting (i.e. putting stuff into recycling bins), there is a research 

need for strategies that helps to reduce contamination errors at the time of waste sorting. 

Similarly, past studies on contamination examined single interventions, such as signage, prompts 

or staff guidance, but knowledge on how the interventions compare to each other, and which one 

yields lowest contamination would be especially useful for event organizers.  

 

With this goal in mind, the first research question in this thesis (Chapter 3) examines and 

compares the effectiveness of active instruction via trained volunteers with passive visual cues 

and prompts in 2D and 3D forms. Use of volunteers or trained staff has been successfully tested 

at Arizona State University sporting events (Hottle et al., 2015), and UBCôs annual Welcome 
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Back BBQ (Preiss, 2015). However, comparing the active guidance with the stand-alone prompts 

has not yet been done. Working with UBCôs Campus Sustainability office and Building 

Operations, I test newly designed bin tops (plastic inserts) made exclusively for waste 

management at events. They are placed inside the bins, and have standard signage stenciled 

which remains always visible, and removes the need to open and close lids, which can be an 

inconvenience when trying to sort across multiple bins. A bin top 3D intervention used the real-

life items like cups and containers on top of the bin tops to give users more clarity about which 

items go into which bin. I hypothesized that volunteer staffed bins would perform the best and 

contain the least amount of contamination, since the problems of thinking and sorting would be 

minimized with volunteers giving clear direction to the users. I also hypothesized that the bin top 

3D display would perform second best, followed by bin top alone, and control (standard bin carts 

only), because of the visual salience of real-life materials providing quick cues for common 

items like coffee cups and compostable containers. Campus pilot projects have shown some 

usefulness of 3D displays compared to 2D signage in reducing bin contamination in a food-court 

setting (Foster, 2016), but more empirical examination is lacking .  

 

2.7.2 Designing with Immediate Feedback 

Lack of knowledge about sorting is often cited as a key barrier in peopleôs sorting ability and 

accuracy (UBC Communications and Marketing, 2014; Varotto & Spagnolli, 2017). However, 

providing relevant feedback and useful guidance when need it, such as at the time of sorting, is 

one of the key challenges. People may not have the knowledge or the access to the sorting 

guidelines when disposing their waste, and their behaviours will vary depending on their 

environmental/ recycling attitudes, past experiences, and contextual environments (Gifford, 
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2011; Jackson, 2005; Schultz et al., 1995; Sussman et al., 2013). All of this makes a formulation 

of a single education strategy for all people and contexts difficult to implement. The most 

common approach is to provide information on sorting rules through signage, posters, and flyers. 

This approach is limited in several ways. First, even when the information is present it may be 

incomplete or difficult  to comprehend. Second, waste disposal signage is rarely standardized 

even within the same jurisdiction (Andrews et al., 2013), which can lead to confusion and 

decrease user compliance (Ben-Bassat & Shinar, 2006). Third, with posters and signage the onus 

is always on the individuals to take the time, read and make sense of the guidelines, when, as 

discussed, people have limited interest and cognitive capacities to study and memorize the 

information. Additionally, trying to engage and educate people through signage in the recycling 

room just before they dispose of the waste may be too late, especially if people have pre-sorted 

or bagged the items in advance and now want to quickly drop them off and go. People in multi-

unit buildings are rarely given any feedback about the accuracy of their sorting behaviour, and 

even if  feedback is given, it is often delayed, and might only deal with one specific item, or give 

general historic or social comparisons (Duprè & Meineri, 2016; Schultz et al., 1995). Lack of 

timely feedback when people are keen to learn leads to persistent errors in recycling behaviour 

and beliefs about sorting. It becomes impossible to rectify if people donôt even realize they are 

recycling and sorting incorrectly, or when we tackle contamination on item by item basis, instead 

of adopting a more systematic approach, such as by waste stream type.  

 

The second research question of this thesis (addressed in Chapter 4), is focused on examining 

benefits of immediate feedback by providing correct answers to sorting errors through an online 

game, so that participants can learn and improve sorting accuracy compared to the control 
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condition that doesnôt get feedback and only relies on standard signage. Teaching better sorting 

practices through a game can be an effective way to build knowledge, fill in the gaps in peopleôs 

understanding of sorting rules, and correct recycling errors and biases. Decades of research in 

cognitive psychology show that feedback facilitates learning and improves task performance by 

correcting errors (e.g., Anderson et al., 1971; Butler et al., 2007; Kulhavy, 1977, Mory, 2004; 

Shute, 2008). Past studies have demonstrated that weekly (DeLeon & Fuqua, 1995), biweekly 

(De Young et al., 1995), or monthly feedback on the quantity of recyclable materials increases 

recycling rates and the quantity of recyclable materials (Goldenhar & Connell, 1991; Duprè & 

Meineri, 2016). However, these studies provided delayed feedback, where feedback was only 

given at least one week later. Immediate feedback at the time of sorting may be beneficial since 

it has been shown to enhance the retention of course materials (Dihoff et al., 2003), facilitate 

learning (Pashler et al., 2005), and promote efficient learning (Corbett & Anderson, 2001). In a 

collaborative effort to harness the power of ICTs and ógamifyô the sorting experience via a 

computer interface, a Masterôs student Yu Luo and I design an online sorting game with 

feedback on common recyclable and compostable materials. Given the effectiveness of 

immediate feedback on learning, an unexplored question is whether immediate feedback 

facilitates the acquisition of recycling and composting knowledge, and improves sorting 

accuracy by correcting recycling errors immediately. We test the game in the lab and in one of 

the largest student residences on campus, with a hypothesis that immediate feedback would 

correct sorting errors, and result in a reduction of contamination in the game building, compared 

to the building that only had standard recycling signage as a feedback instrument. 
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2.7.3 Design with Education in Nature 

The natural and built environment plays a large role in shaping behaviour. Many studies have 

demonstrated that exposure to nature has benefits on cognition, well-being, and sustainable 

behaviour (Barton & Pretty, 2010; Chawla, 2015; Nisbett & Ross, 2011; Pretty, 2004; Wells & 

Evans, 2003; Zelenski et al., 2015). Research has also shown that having a connection with 

nature is associated with environmental attitudes, concerns, and behaviours (Dunlap et al., 2000; 

Nisbet et al., 2009; Schultz et al., 2004), which are identified as one of several key factors in pro-

environmental behaviour change (Geng et al., 2015; Stern et al., 1995). Previous research has 

also shown that personal values, attitudes, and beliefs can determine the motivation to express 

concerns about the environment and the adoption of behaviours that are in line with those values 

and attitudes (Crompton, 2010; Schultz et al., 1995). People who engage in pro-environmental 

behaviour typically have pro-environmental attitudes (Bamberg & Möser, 2007), and people 

with strong pro-social values or biospheric values (orientations in which people assess their own 

and othersô actions considering costs or benefits to ecosystems or the biosphere) are more likely 

to engage in pro-environmental behaviour (Schultz et al., 2007; Stern et al., 1999). Exposure to 

nature also provides a range of other benefits, such as reducing fatigue and stress (Berg & Berg, 

2007; Gidlöf-Gunnarsson & Öhrström, 2007), and enhancing memory and attention (Barton & 

Pretty, 2010; Berman et al., 2008; Kaplan, 1995; Kaplan & Kaplan, 2011; Mackay et al., 2014; 

Pretty, 2004; Wells, 2000; Wilson et al., 2009). Education research has shown that education in 

nature can have positive impacts on knowledge, environmental attitudes, and behaviour (Chawla, 

2015; Morgan et al., 2009; Sellmann & Bogner, 2013). Psychologists, anthropologists, and 

ecologists have long maintained that human connection with nature (or lack thereof) is a large 

determinant of peopleôs ecological worldview and behaviour (Bateson, 1979; Rees, 2002; 
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Walker et al., 2004). In a culture where environmental problems have been brought on by a 

growing disconnection from the natural world (Suzuki & McConnell, 2007), there is a growing 

understanding that we need more nature in everyday life. For these reasons, access to nature has 

been established as a critical component of a healthy, liveable, and thriving city (City of 

Vancouver, 2016; de Vries et al., 2003).  

 

Building on this important work (Jackson, 2005; Schultz et al.,1995; Stern, 2000), Chapter 5 of 

this dissertation examines if sustainability education in nature with hands-on activities can 

influence peopleôs knowledge, environmental attitudes, and willingness to engage in pro-

environmental behaviour. As discussed in earlier sections, increases in knowledge are associated 

with pro-environmental actions (Hines et al.,1986; Schwartz,1992; Stern et al.,1999), and trust in 

the source of information and poignant storytelling using relatable examples, along with 

engaging hands-on activities, can help engagement, comprehension, and retention of information 

(Mckenzie-Mohr, 2008). With over 3300 botanical institutions and public gardens around the 

world receiving over 300 million visitors per year (Dodd & Jones, 2010), there is an exciting 

opportunity for gardens to re-connect communities with the natural world and motivate 

individual action toward a more sustainable future. To this goal, Chapter 5 evaluates the impact 

of a nature-based education program on participantsô sustainability knowledge, attitudes, and 

willingness to engage in 20 pro-environmental behaviours, including waste reduction. Working 

with the UBC Botanical Garden and the Society Promoting Environmental Conservation, I 

design and employ a survey instrument to compare the participantsô pre-and-post visit responses, 

and compare them to regular garden visitors who did not receive the education tour. The 

hypothesis is that participants who attended the education tour would show better environmental 
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knowledge, higher environmental attitudes (i.e. connection with nature), and more willingness to 

engage in 20 sustainable actions compared to the control group which was did not receive the 

education tour and activities.  

 

 

 

  

 

 

  

 



 47 

Chapter 3: Toward Zero Waste Events: Reducing Contamination in Waste 

Streams with Volunteer Assistance  

 

3.1 Introduction  

The increasing volume of solid waste in landfills contributes to unprecedented levels of 

environmental problems, such as water and soil contamination via leaching of heavy metals, and 

air pollution via emission of greenhouse gases (Humes, 2012; Statistics Canada, 2013; 

Tammemagi, 1999). Given that the amount of global waste has increased ten-fold over the past 

century and is expected to double by 2025, it is urgent and imperative to divert waste from 

landfill in the form of recycling and composting which can help mitigate the negative impacts of 

waste and recover useful materials from landfills (Hershkowitz, 1998; Hoornweg et al., 2013). 

While recycling and composting bins are becoming more prevalent in cities and municipalities, 

most of the waste created in North America is still sent to landfill. For example in Canada, the 

overall diversion rate of household waste (e.g., mixed paper, plastics, glass, metal, and organic 

matter) is estimated to be around 33% (Dewis & Wesenbeeck, 2016; Statistics Canada, 2014), 

while the rate for the U.S. household is around 35% (Environmental Protection Agency, 2013). 

This rate is well below the European average, and the potential 75-90% diversion rate of 

household waste which could be recovered and recycled (Geyer et al., 2017). 

 

Public festivals and events generate a tremendous amount of waste every year, especially when 

the events involve food and drink (Gibson and Wong, 2011; Laing and Frost, 2010). One study 

found that the largest amount of waste generated at a festival was residual waste, followed by 

food and kitchen waste and packaging waste (Martinho et al., 2018). While waste management is 

one of the priorities for an increasing number of event organizers, it is currently not well 
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understood how best to reduce waste at events (Laing and Frost, 2010). Waste reduction at 

events depends on a number of factors, including the host organization, the participating vendors, 

the materials used, and the participants of the events (Getz, 2009). Previous research has 

suggested that waste reduction at events depends strongly on the environmental values and 

beliefs of the managers and the host organizations of the events, who can act both as a champion 

and a steward of waste reduction (Mair and Laing, 2012). However, the reality often involves a 

disconnection between the intentions and the operations of the event managers (Henderson, 

2007; Laing & Frost, 2010). This disconnection is largely driven by barriers such as the financial 

costs involved in recycling and composting, a lack of time, and a lack of control over venues or 

suppliers (Mair and Laing, 2012). One study suggests that the outsourcing of compostable 

biopolymer is often driven by organizational sustainability goals, while the ability to compost 

depends on local waste management legislation and available infrastructure (Meeks et al., 2015). 

 

3.2 Motivating Waste Sorting  

Like many sustainability problems, the waste diversion challenge is located at the intersection of 

behavioural and infrastructural domains. Low waste diversion rates can be caused by a mix of 

common barriers such as: i) lack of infrastructure, including availability and design of sorting 

bins; ii) lack of environmental attitudes or social norms regarding recycling; iii) policy support 

such as composting bylaws and refunding deposits for cans and bottles; iv) lack of knowledge 

how to properly sort waste (Schultz et al., 1995; Thomas & Sharp, 2013). Recent studies have 

demonstrated that distance to bins, convenience and infrastructure design are crucial in 

motivating recycling participation (DiGiacomo et al., 2017; Duffy & Verges, 2008; Wu et al., 

2016). However, contamination of bins is a critical component of waste diversion. When 
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materials are not properly sorted and the recycling bins get too contaminated (around 10% 

depending on the stream), all the contents are sent to the landfill, cancelling out the positive 

intent of participation. This is especially problematic for food waste as organic items carry extra 

emissions when sent to landfill where they release methane under anaerobic conditions (Statistics 

Canada, 2013). Therefore, as we motivate people to participate in waste diversion, we must also 

help enable proper sorting of materials, otherwise bins will get contaminated and sent to the 

landfill. Lack of knowledge or feedback about what goes into which bin is one of the key issues 

of the sorting challenge. This problem has most often been addressed by providing the missing 

information in written form through use of posters and signage (Duprè & Meineri, 2016; 

McKenzie-Mohr, 2000).  

 

More recently, studies have attempted to reduce waste contamination and motivate waste 

diversion with additional visual prompts such as 3D displays (Foster, 2016) and modeling of the 

desired behaviour (Sussman et al., 2013). Another successful case study of waste management at 

events involved the use of volunteer staff who guarded the recycling and composting bins at 

sporting events at Arizona State University (Hottle et al., 2015). In this study, the authors 

examined the impact of volunteer staffed bins on contamination rates at University baseball 

games. The first game served as a baseline, the second game used staffed bins, and the third 

game had non-staffed bins. The authors found that contamination rates in both recycling and 

compost bins were reduced from 34% in the first game without the staff bins, to 11% on the 

second game with the staffed bins, and to 23% at the third game without the staff bins (Hottle et 

al., 2015). This study presented quantitative evidence that volunteer staff helped reduce waste 

contamination at public events. 
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3.3 Current  Study  

An under-served area of research involves waste generation and contamination of bins at events 

and festivals, which can create a significant amount of trash. Contamination in the waste streams 

can be a serious issue because when organic or recycling bins are contaminated, all the materials 

in the entire bin will be dumped into the garbage bin (i.e., landfills) by custodial staff, unless 

they have a way to re-sort the waste after the fact. While previous studies have separately 

examined the impact of volunteer assistance (Hottle et al., 2015), signage, modelling and 

prompts (Duffy and Verges, 2008; Sussman et al., 2013), it is currently known which method is 

the most effective at reducing contamination, since each study examined one factor in a unique 

context. The goal of the current study was to examine and directly compare the impact of three 

different interventions on contamination in the same context, in order to identify the best practice 

for waste management at public events. Doing so can provide practical and theoretical evidence 

in support of identifying and implementing best practices of recycling and composting at 

festivals and events. Specifically, a randomized control trial was conducted to examine impact of 

volunteer staff assistance, bin tops displays, and sample 3D items with bin tops on the level of 

contamination at a public event regarding all four waste streams: organics, recyclable containers, 

paper, and garbage. The event was the annual Apple Festival hosted at the Botanical Garden of 

the University of British Columbia (UBC), which is attended by thousands of visitors every year. 

Like typical festivals, the Apple Festival features a large variety and quantity of different food 

and drinks for purchase, and as a result creates a large amount of organic, paper, and plastic 

waste. Working with the Campus Sustainability Office and UBC Building Operations, the goal 

was to test newly designed bin-tops that sit on top of the bin carts with and without real-li fe 3D 

items on top of the inserts, and comparing the effectiveness with the trained volunteer staff and a 
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control condition consisting of regular bin carts (see Figure 2). The interventions differ in the 

level of convenience they afford, and the effort required by participants to correctly sort, which 

has theoretical implications for pro-environmental research regarding convenience and effort 

people are able or willing to exert. The hypothesis was that the Volunteer Staffed bins would 

have the least contamination, since the problems of thinking and sorting would be minimized 

with volunteers giving direction what to do. I also hypothesized that the Bin Top 3D display 

would be a second-best condition, followed by Bin Top alone and the control. The reason I 

anticipated the Bin Top 3D display to do better than Bin Top alone is due to earlier research on 

campus indicating usefulness of 3D displays (Foster, 2016) as salient visual cues to help with 

information processing, rather than interpreting information from 2D signage alone.  

 

3.4 Methodology 

3.4.1 Participants 

Hosted at the UBC Botanical Garden, the annual Apple Festival is a popular family event that 

draws around 10,000 visitors over a weekend. The Apple Festival, in its 25th year features apple 

trees and apples for sale, apple tasting, with food trucks, live entertainment, and activities 

throughout the garden. With over 35,000 pounds of apples for sale featuring 60 local and 

heritage varieties, and other food and drink products for purchase, the event generates a large 

amount of waste, such as food, cardboard, coffee cups, and take-out containers. According to 

UBC sorting guidelines, food scraps, napkins, and compostable take-out containers should go to 

the organics bin; drinking containers (plastic, paper, or glass) and any cutlery should go to the 

recyclable containers bin; clean sheet paper should go to the paper bin; and styrofoam, unmarked 

and soft plastics should go to the garbage bin (i.e., landfills). As such, most of waste at UBC can 
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be diverted from landfills, going into compost and recyclable streams. The event took place from 

11am to 5pm on a Saturday and from 11am to 4pm on a Sunday (October 17 to 18, 2015). While 

the festival takes place throughout the whole Botanical Garden (Figure 1), the intervention was 

focused at two main locations where food and beverages were sold: entrance to the garden 

(location A) and main festival lawn (location B). 

 

Figure 1. Map of the Botanical Garden Apple Festival grounds, where Locations A (entrance to 

the garden) and B (festival lawn) tested the four experimental conditions.  

 

3.4.2 Materials 

There were four conditions in the experiment (Figure 2): i) Volunteer Staffed station, ii) Bin Top 

with 3D display (BT3D), iii) Bin Top (BT) alone, and iv) Control (just the carts). In the 

Volunteer Staffed condition, bins are set up like in the control condition but have trained 

volunteers beside them to help people their waste at the time of disposal. The volunteers verbally 

instructed people which item should go to which bin, sometimes holding the bins open, but 
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people had to sort the waste themselves. A total of 39 volunteers were recruited to serve in this 

experiment via Eventbrite. Each volunteer guarded one waste station during one shift which was 

between one to three hours long, and each volunteer received a training and orientation session 

one day before or on the day of the festival. The second intervention Bin Top 3D Display 

(BT3D), used plastic inserts (bin tops) that go inside the bins, and include real physical examples 

of items that should go into each bin. The third condition was Bin Top (BT) display alone. Bin 

tops are plastic bin additions designed by UBC Campus Sustainability and Building Operations 

that slide into the carts so the bins remain always open and users donôt have to handle the lids. 

Bin tops also have standard 2D signage imprinted on them which remains visible facing the 

users. The fourth and final condition was the Control, which is the standard bin set up of 

recycling carts as they usually appear for events. Waste services bring the recycling and 

composting Schaefer bins and they are placed next to a garbage bins. The main problem with 

stand-alone bin carts is the inconvenience of opening and closing the lids while sorting waste, 

which also affects visibility of the signage which is located on top of the lids. Once the lid is 

open users can no longer see the signage instructions and errors can take place. In busy or 

transient environments like events, people are often in a hurry to dispose of waste, and are more 

likely to take shortcuts to decision-making. It is not uncommon for people to simply follow the 

lead of sorters in front of them (for better or worse), and place all the waste into one bin that best 

fits the description of items they have in the hand. Therefore, the stand-alone bins can get 

contaminated quickly and continue to generate severe contamination of materials as users cope 

with incomplete information around them while trying to sort waste. In each condition, there 

were four bins representing four waste streams: organics (food scraps), recyclable containers, 

paper, and garbage. The organics, recyclable containers, and paper bins were Schaefer bins 
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(22×24×40 inches), and the garbage bin was a smaller round bin covered with a black garbage 

bag. The garbage bin did not have a lid, whereas other bins had lids. This was true in every 

condition in the experiment, so any difference between conditions could not be attributed to this 

factor.  

 

Table 1. Number of bins in each condition in across each waste stream 

 Organics Recyclable 

Containers 

Paper Garbage 

Volunteer staffed 10 5 4 5 

BT3D 9 5 4 6 

BT 3 3 3 3 

Control 5 5 6 6 

Total  27 18 17 20 

 

 

 

Figure 2. An example of the experimental conditions used in location B of the festival. The 

location A was set up in the same way. 
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3.4.3 Procedure 

The four conditions at location A (garden entrance) were set up the same way as four conditions 

at location B (main festival lawn). The four bins in each condition were placed next to each 

other, and the bins in each condition were at least 30 feet away from the bins in a different 

condition. The bins in the experiment were labeled by a masking tape on the side of the bin 

indicating which condition and location they were in. When the bin was full, a research assistant 

replaced it with an empty bin, and took the full bin to a holding area at the garden. At the end of 

each day, I gathered the research assistants at the holding area to weigh and inspect each bin. 

Each bin was first weighed by a digital DYMO® S250 shipping scale, and we recorded the net 

weight of the contents inside the bin in kilograms (kg), by subtracting the weight of an empty bin 

(12kg) from the total weight. After weighing each bin, we used gloves to dump all the items out 

of the bin, inspected all items, and counted the number of items that did not belong to the waste 

stream. When the contaminants were food or organic materials, we counted the number of 

contaminants as the number of compostable containers or individual food pieces, because most 

of the food contaminants were food scraps in compostable boxes or plates, such as a compostable 

chilli bowl with or without chilli leftovers in the box which would be counted as one 

contaminant. When there was an individual food item (such as an apple core, or pizza crust), we 

counted each item as one contaminant. Thus, for every bin we recorded contamination as the 

number of incorrect items in the bin, and the weight of the total materials inside the bin. Table 1 

shows the total number of bins we measured in the experiment in each condition within each 

waste stream. The number of bins per waste stream per condition was unequal because of the 

different generation rates in the four waste streams. During the contamination count, the RAs and 
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myself put the contaminants into the appropriate bins, thereby un-contaminating the recycling 

and compost bins post hoc, and helping the festival achieve zero waste goals.  

 

3.5 Results 

Since there were four conditions (volunteer staffed, BT3D, BT, and control) and four waste 

streams (organics, recyclable containers, paper, and garbage), a two-way between-subjects 

analysis of variance (ANOVA) was used to examine the effects of interventions on 

contamination and weight of the bins. Doing so allowed to examine whether there was a 

significant difference among the four conditions, the waste streams, and whether there was a 

significant interaction between conditions and waste streams. The average number of 

contaminants per bin is presented in Figure 3. The ANOVA analysis of the bin contamination 

showed there was a main effect of bin condition [F(3,66)=14.21, p<.001, ɖp²=.39] but not of the 

waste stream type [F(3,66)=0.78, p=.50, ɖp²=.03], and no significant interaction between bin type 

and waste stream [F(9,66)=1.38, p=.21, ɖp²=.15]. This means that bin intervention set up had a 

significant effect on the amount of contamination, but the type of waste stream (organics, paper 

or container) did not. Lack of interaction between bin set up and waste stream shows that bin set 

up does not depend on waste stream type when predicting effect on contamination, and we can 

trust the main effect of bin set-up alone on the contamination. To examine which conditions were 

different, I conducted post-hoc Tukeyôs HSD tests, which showed a significant difference 

between volunteer staffed and BT conditions (p<.001), volunteer staffed and BT3D conditions 

(p<.001), and volunteer staffed and control conditions (p<.001). These results demonstrate that 

the volunteer staffed condition had the lowest level of contamination among all conditions. 

Specifically, volunteer staff helped reduce contamination by 96.1% compared to other conditions 
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on average in the organics bin, 96.9% in the recyclable containers bin, 97.0% in the paper bin, 

and 84.9% in the garbage bin. Most of the contaminants were items that should have gone to 

other recycling or composting streams. For example, the key contaminants in the paper bin were 

used napkins and compostable containers (with and without food scraps) which should have 

gone to the organics bin. The key contaminants in the organics bin were coffee cups which 

should have gone to the recyclable containers bin. Biggest contaminants in the recyclable 

containers bin were compostable containers (with and without food) which should have gone to 

the organics bin. The key contaminants in the garbage bin were food scraps, compostable 

containers, and used napkins. 

 

 

Figure 3. Average number of contaminants per bin per waste stream (organics, recyclable 

containers, paper and garbage) across interventions: Volunteer Staffed, Bin Top 3D Display, Bin 

Top, and Control. Error bars reflect ±1 SEM 
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To examine the impact of the interventions on the volume of the materials, I also measured the 

total net weight (kg) of materials in each bin including contaminants (Figure 4). The ANOVA 

showed that there was no main effect of conditions [F(3,66)=0.42, p=.73, ɖp²=.01], a main effect 

of waste streams [F(3,66)=5.84, p=.001, ɖp²=.20], but no significant interaction between 

conditions and waste streams [F(9,66)=0.37, p=.94, ɖp²=.04]. This shows that there was no 

significant difference in the weight of the materials in the bins between different conditions, 

suggesting that the interventions had no impact on the weight of materials. The total weight of 

waste generated at the Festival was 108kg of organics, 37kg of recyclable containers, 35kg of 

paper, and 51kg of garbage. Additional Tukeyôs HSD post-hoc test of bin weight (in kg) showed 

a significant difference between the organics and recycling containers (p=.004), organics and 

paper (p=.008), and organics and garbage (p=.04). The results indicate that the compost bins 

were the most highly used waste stream at the festival. This is not too surprising as this was a 

food related event and compostable materials (such as food scraps and apple leftovers) weigh 

more than empty drink containers or paper products.  
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Figure 4. Average Kilogram of material per bin per waste stream (organics, recyclable 

containers, paper and garbage) across interventions: Volunteer Staffed, Bin Top 3D Display, Bin 

Top, and Control. Error bars reflect ±1 SEM. 

 

Since I had the weight of materials and the contamination count per bin, another analysis was 

conducted to calculate the number of contaminants per kilogram (Figure 5). The ANOVA 

showed a main effect of conditions [F(3,66)=9.47, p<.001, ɖp²=.30], a main effect of waste 

streams [F(3,66)=3.63, p=.01, ɖp²=.35], but no significant interaction between conditions and 

waste streams [F(9,66)=.94, p=.49, ɖp²=.12]. Post-hoc Tukeyôs HSD tests showed a significant 

difference between volunteer staffed and BT3D conditions (p<.008), and between volunteer 

staffed and control conditions (p<.001), and close to marginal difference between volunteer 

staffed and BT conditions (p=.11). These results confirm that the volunteer staffed condition had 

the lowest level of contamination among all conditions. Examining differences between streams, 

Tukeyôs HSD test showed a significant difference between paper and organics bins (p=.01), and 

a marginal difference between recyclable containers and paper bins (p=.09).  
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Figure 5. Average number of contaminants per kilogram per bin per waste stream (organics, 

recyclable containers, paper, and garbage) across the four conditions: volunteer staffed, bin tops 

with 3D displays (BT3D), bin tops only (BT), and control. Error bars reflect ±1 SEM. 

 

 

3.6 General Discussion  

The goal of this first waste study was to examine the impact of three different interventions on 

contamination in waste streams at a public event, in order to identify the best practices for waste 

management at events. Specifically, a randomized control trial was conducted at the Apple 

Festival at UBC examining the impact of four conditions: volunteer staff assistance, bin tops, 

sample 3D items with bin tops, and a control (standard bin carts and signage on them). Myself 

and research assistants measured weight of bins and counted contamination in four waste 

streams: organics/ food scraps, recyclable containers, paper, and garbage bins. The results 

showed that volunteer staff significantly reduced contamination in all waste streams, compared 

to the other interventions. Since most waste management systems require front-end sorting 

which relies on individuals to sort waste at the bins, using volunteers offers a teaching 
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opportunity to give feedback to people on how to sort. According to the waste management 

practice on UBC campus, if an organic or recycling bin has more than 10 pieces of contaminants, 

all the materials in the entire bin will be dumped into garbage by custodial staff. By reducing 

contamination in the bin, volunteer staff can prevent the bin from going to the garbage stream, 

thus diverting waste from landfill and helping events reach zero waste goals.  

 

Unlike the volunteer-staffed condition, there was no significant effect of the bin tops or the use 

of bin tops with 3D items on contamination. There are five explanations. First, the icons 

presented on the bin tops may not be sufficiently salient or clear to instruct people how to sort. 

Second, the icons presented on the bin tops were identical to the icons on the lids of the bins in 

the control condition, so there was no additional information presented in the bin top condition. 

The only difference was that with the top condition the bin lid remained always open, whereas 

people had to lift the lid to dispose waste in the control condition. The null effect implies that 

whether people had to lift the lid or not had no impact on sorting accuracy. Third, at the end of 

each day we found that people misused the bin tops with 3D displays, and put extra waste items 

on the bin tops, which suggests that they might have mistaken the 3D items on the bin tops as 

waste from other people. Fourth, the waste items at the Apple Festival were diverse and 

complex, and the visual signage on the bins was not comprehensive enough to guide sorting. 

Finally, there were inconsistencies in the sorting rules between UBC and Metro Vancouver, and 

since the attendees of the festival were people from Metro Vancouver, they may not know what 

UBCôs sorting guideline is, and therefore still followed Metro Vancouverôs guidelines. For 

example, pizza boxes and compostable rigid cutlery are accepted in the compost bins of Metro 

Vancouver, but these items need to go in the garbage bin at UBC campus because UBC 
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composts their own organic materials and the facility cannot process these items. This calls for a 

need to standardize the sorting guidelines and infrastructural capabilities across municipalities.  

 

Examination of the contamination shows that paper bins were one of the most contaminated 

streams, with many guests incorrectly throwing ñpaper-likeò products into the paper bins, when 

they should go into the compost or container streams. For example, napkins and coffee cups are 

technically made of paper so people instinctively put them into paper or compost bins. However, 

the signage on the bins (Appendix A.2) is clearly showing napkins go to compost, coffee cups to 

container bins, and only clean sheet paper allowed into paper bins. However, a mix of factors 

like general confusion, lack of interest or knowledge causes people to rely on their intuition and 

shortcuts to make decisions that are not optimal (Kahneman & Tversky, 2001; Simon, 1996). In 

addition to active guidance and better signage, another possible way to help minimize bin 

contamination is to remove a waste stream that is under-utilized, or has severe contamination. In 

the case of food-related events this may often be the paper stream bin. Unless an event will 

generate a significant amount of clean paper waste, paper bins may not be needed as they get 

easily contaminated with food-soiled paper products such as napkins, pizza plates and boxes, 

sandwich wrappers, compostable containers and coffee cups, which ideally go into other streams 

(compost, containers or garbage). This of course does not guarantee that contamination will be 

eliminated since a person who would have thrown a coffee cup into the paper bin may now 

incorrectly throw it into the compost bin (instead of containers), but removing one less category 

for people to óthinkô with could nudge them closer to the correct stream. This hypothesis should 

be further tested empirically. Furthermore, since provision of recycling and compost bins can be 
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costly for event organizers, not including a waste stream that is not needed (such as paper bins at 

food and drink related events) could help reduce costs of waste management.  

 

While the finding that volunteer staffed bins had the lowest amount of contamination is 

unsurprising, this study provides further empirical evidence that to effectively reduce 

contamination of recycling bins and ensure diversion of useful materials away from the landfill, 

the event organizers would be wise to have trained staff direct and help people participate 

correctly in the pro-environmental behaviour we want them to do. If it  is not possible to arrange 

sorting assistance at front end (as people use bins), back-end sorting after the bins are full can be 

a viable alternative. That said, back end sorting may be messier and some items (like paper) 

might get too contaminated to recover. In addition, by opting out of front-end sorting guidance 

organizers also miss out on an engagement opportunity to interact with people, teach right 

sorting practices and signal social norms. A surprise finding from the data is how poorly the bin 

top 3D display performed compared to just signage. I had hypothesized that using real colourful 

items obtained from the festival vendors as examples on top of bins should have performed 

better than the 2D inanimate signs, since real items would draw attention as visual cues 

signalling exactly in which bin to put which item. However, there was no significant difference 

between the 2D and 3D interventions, and there was even a waste stream (containers) where the 

control performed better than 3D and 2D display in reduction of contamination. This shows 

limitations of passive communicative material to educate and guide more accurate sorting (and 

similar pro-environmental behaviour), which match the behavioural economics and other 

literature critical of information provision campaigns covered in Chapter 2.  
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Among many other obstacles, high costs of recycling bins can be an institutional barrier to 

running zero-waste events. Based on our conversation with the event organizer, there were 

significant costs in the provision of the organics and recycling bins. Specifically, each organics 

bin costs $30 to order, a recyclable containers and paper bin is $5 each, but each garbage bins are 

completely free. From Table 1, I calculated that the organics bins cost $810, the recyclable 

containers bins cost $90, the paper bins $85, and the garbage bins cost $0. The greater costs of 

the organics and recycling bins present a financial barrier for the event organizer aspiring to do 

the right thing and recycle and compost their waste. Thus, to increase waste diversion and zero 

waste endeavors, the cost structure of the bins should be reversed, such that the garbage bins 

should be the most expensive. At the same time, at UBC the maintenance and provision of 

organics bins includes transport to the on-site facility and their cleaning, which can help explain 

the high cost.  

 

The current study had several limitations. First, while we placed the bins in the most populous 

locations at the garden, we could not control the foot traffic near each bin. There was variability 

in how often people used the bins throughout the day, and how convenient the bins were to 

access. This variability may have contributed to the large error bars. Second, I donôt know the 

longevity of the effect because we did not track participants after they left the festival. Third, the 

null effects of bin tops or bin tops with 3D displays do not necessarily mean that signage does 

not work. This only highlights the need to develop more effective signage to guide sorting at 

events, or alternatively reduce the amount of materials available in the system so that the former 

task may be made easier. Finally, the current study did not find direct evidence that volunteer 
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staff increased waste diversion from landfill since the weight of the bins did not change. This 

raises limits of volunteer guidance on zero-waste goals. 

 

3.7 Recommendations for Waste Management at Events and Festivals 

Results of this study showed that passive methods of education like 2D signage and 3D prompts 

were not as effective in reduction of contamination as having volunteer staffed stations give 

feedback on what goes where. Therefore, waste contamination during festivals or public events 

can be severe if not properly addressed and actively managed with help of volunteers. This study 

also demonstrates difficulty of devising clear and effective visual cues and prompts, and 

inefficiency of passive methods of education and feedback, given the diversity of take-out 

materials available in the marketplace and peopleôs inability to parse through all the information 

quickly and effectively. Peopleôs attention and cognitive abilities are limited to make perfect 

decisions when environmental conditions are unclear or complex, which is often the case with 

waste sorting at events and festivals. Volunteers are already a key component of many events 

and festivals. Training them to provide active guidance can ensure useful recycling and 

composting materials are diverted away from the landfill, and while providing opportunities for 

education, interaction and social modelling of desired behaviour.  

 

In addition to the behavioural components which depend on peopleôs cognitive and affective 

ability and interests, another crucial component of the zero-waste endeavor are infrastructure and 

materials. While this study did not explicitly test material and infrastructural components, its 

influence was observed throughout the project. Infrastructure refers to type of bins available 

(recycling, composting and garbage) as well as their placement, such as being close to where 
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people need them (next to food trucks or seating areas), easily visible with clear signage and 

consistency in layout. After ensuring a proper recycling infrastructure is in place, food and drink 

materials should be examined to ensure all materials provided or sold to the public can be 

recycled or composted. Event organizers ought to work with vendors ahead of time to simplify 

and standardize take-out materials given out, and ensure they are acceptable in the local 

recycling or composting system. One way this process can be simplified is to communicate 

ahead of time what local systems can and cannot recycle and compost, and have all vendors 

follow the same guidelines as much as possible. One suggestion provided by the UBC Senior 

Planning and Sustainability Engineer, Bud Fraser, is that anything that touches foods should be 

compostable, and anything you drink from to be recyclable (Bud Fraser, personal 

communication, 2015).  

 

¶ Recruit volunteers at events to help people sort and reduce contamination. 

¶ Work with vendors ahead of time to ensure materials provided are standardized, 

consistent, and can be recycled or composted in local systems. 

¶ Ensure sufficient numbers of composting and recycling bins at the event. 

¶ Reduce financial barriers of composting and recycling by reducing the costs of bins. 

¶ Communicate and promote the benefits of composting and recycling and/or the 

negative impacts of landfilling. 

 

With foresight and inclusion of zero waste principles at the start of the event planning, the 

organizers can better control what type of waste is generated on site and ensure that most of it is 

diverted from landfills. Policymakers, food and beverage manufacturers, and recycling 
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companies need to continue to work together to implement a closed-loop waste management 

system where all take-out materials are recyclable and more intuitive for consumers, while 

making the infrastructure more affordable for organizers. 
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Chapter 4: Beyond Posters: Using a Digital Sorting Game Feedback to 

Improve Recycling and Composting Accuracy  

 

4.1 Introduction  

Among the many environmental problems facing humanity (Secretariat of the Convention on 

Biological Diversity, 2014), the volume of solid waste has reached alarming levels: the amount 

of waste has increased ten-fold over the past century around the globe, with the current amount 

expected to double by 2025 (Hoornweg et al., 2013). In Canada, residential waste has increased 

by 27% from 2002 to 2012, and on average each Canadian currently throws out about 700kg of 

waste every year (Statistics Canada, 2014). In the U.S., solid waste generation per capita has 

increased by 64% from 1960 to 2013, and on average each American currently throws out about 

800kg of waste each year (Environmental Protection Agency, 2013). The dramatic increase of 

global solid waste is especially worrisome since dumping and burning of garbage contribute 

directly to water, air, and soil pollution (UNEP, 2015). Global plastics production has increased 

by four-fold over the past 50 years, and is expected to double again in the next 20 years (World 

Economic Forum, 2016), causing significant issues for marine and terrestrial ecosystems (Geyer 

et al., 2017). The accumulation of waste in landfills not only has deleterious effects on human 

health and ecosystems (Hossain et al., 2011; Schlossberg, 2017), but also contributes to global 

warming (Humes, 2013; Tammemagi, 1999). Specifically, organic waste accounts for 33% of 

landfill materials and releases methane during anaerobic decomposition, a gas that is 25 times 

more potent than carbon dioxide in terms of trapping the sunôs heat and thus warming the 

atmosphere (Intergovernmental Panel on Climate Change, 2007; Statistics Canada, 2013). 
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Given the urgency of waste problems, many municipalities in the world have set up recycling 

and composting policies to increase waste diversion from landfills. For example, Vancouverôs 

Greenest City Action Plan has set the waste diversion target to 80% by 2020, with a 50% 

reduction of solid waste going to incineration or landfill from 2008 levels (City of Vancouver, 

2016). Even with stringent regulations in place and the prevalence of recycling and composting 

facilities in public and private spaces, the overall recycling in North America is about 35% which 

is quite low compared to European nations (Environmental Protection Agency, 2013; Statistics 

Canada, 2014). It is estimated that of the 8.3 billion metric tons of virgin plastic produced to 

date, only 9% has been recycled, 12% incinerated, and 79% accumulating in landfills and oceans 

(Geyer et al., 2017; Jambeck et al., 2015). 

 

There are many reasons for the low recycling rate, including a lack of infrastructure (e.g., placing 

recycling and composting bins), policy backing (e.g., setting up bylaws discouraging food waste 

in garbage bins), poor environmental attitudes and social norms, or a lack of knowledge about 

what goes into which bin (Schultz et al., 1995; Thomas & Sharp, 2013). Recent studies in 

behavioural science have examined strategies to motivate recycling behaviour, demonstrating the 

effectiveness of infrastructure, design, and convenience (DiGiacomo et al., 2017; Duffy & 

Verges, 2008; Wu et al., 2016), personal environmental values and social norms (Cialdini 2003; 

Cialdini et al., 1990; Crociata et al., 2015; Schultz et al., 1995), as well as the role of information 

and feedback (De Young, 1989; Duprè & Meineri, 2016) in improving recycling and composting 

rates. While the past approaches have increased participation rates in recycling and composting, 

it is currently unclear what strategy is most effective at reducing contamination in the recycling 

streams. In other words, convenience or social norms may motivate people to throw items into 
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the recycling or composting bins, but these factors do not necessarily guarantee the accuracy of 

sorting actions (Wu et al., 2016). Contamination in waste streams is costly in terms of the time 

and labour required to correctly re-sort items at a centralized sorting facility or at the pick-up 

truck (Bohm et al., 2010). To inform people about how to sort, the traditional and the most 

common approach is to use signage, posters, and flyers to educate the users about the sorting 

rules. This approach is limited in several ways: First, waste disposal signage is often not 

standardized even within the same jurisdiction or institution (Andrews et al., 2013), which can 

lead to confusion and decrease user compliance (Ben-Bassat & Shinar, 2006); and second there 

is rarely feedback given to the users as they throw items into the bins, and even when feedback is 

given it is often delayed and vague, such that people may not remember what items were sorted 

incorrectly. These problems can result in persistent errors in recycling behaviour and beliefs 

about how to sort. 

 

To overcome these problems, providing immediate feedback during sorting can be an effective 

way to build knowledge and fill in the gaps in peopleôs understanding about sorting rules. 

Decades of research in cognitive psychology show that feedback facilitates learning and 

improves task performance by correcting errors (e.g., Anderson et al., 1971; Butler et al., 2007; 

Kulhavy, 1977, Mory, 2004; Shute, 2008). Past studies have demonstrated that weekly (DeLeon 

& Fuqua, 1995; Schulz, 2010), biweekly (De Young et al., 1995), or monthly feedback on the 

quantity of recyclable materials increases recycling rates and the quantity of recyclable materials 

(Goldenhar & Connell, 1991; Duprè & Meineri, 2016). However, these studies provided delayed 

feedback, where feedback was only given at least one week later. Immediate feedback may be 

more beneficial since it has been shown to enhance the retention of course materials (Dihoff et 
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al., 2003), facilitate word learning (Pashler et al., 2005), and promote efficient learning (Corbett 

& Anderson, 2001). Given the effectiveness of immediate feedback on learning, an unexplored 

question addressed in this study is whether immediate feedback facilitates the acquisition of 

recycling and composting knowledge, and improves sorting accuracy by correcting recycling 

errors immediately. 

 

To incorporate immediate feedback in sorting behaviour, one approach is to ógamifyô the sorting 

experience via a computer interface. The proliferation of Information and Communication 

Technologies (ICTs) have a wide-ranging array of applications in the field of sustainable 

development, such as engaging communities in climate change scenarios (Robinson et al., 2011) 

or bridging the collaborative divide with a technological solutions library (Zelenika & Pearce, 

2012). Similarly, the fun and engaging elements of games, have led to a rise in ógamificationô in 

sustainability development by adding game-like elements (e.g., scoring, rules, and competition) 

to various activities. For example, studies have shown that digital tools and gamification can be 

an effective way to engage people and stimulate learning, since games increase the playerôs 

motivation and attention (Connolly et al., 2012; de Freitas, 2006; Mitchell & Savill-Smith, 

2004). Game technology has been successfully used to positively impact studentsô learning of 

mathematics (Shin et al., 2012), geography (Tüzün et al., 2009), sustainable consumption (Huber 

& Hilty, 2015), and energy related attitudes and behaviours (Knol & DeVries, 2011). 

 

4.2 Current Study 

With a goal to develop an effective teaching tool to improve sorting accuracy and reduce 

contamination in recycling streams, the current study aims to examine the impact of a sorting 
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game with immediate feedback on recycling and composting decisions. Given the effectiveness 

of immediate feedback on learning, an unexplored question is whether immediate feedback 

facilitates the acquisition of recycling and composting knowledge and improves sorting accuracy 

by correcting recycling errors immediately. As such this study addresses the second research 

question of this dissertation with practical and theoretical implications. Working with the 

University of British Columbia (UBC) Campus Sustainability office, and a psychology Masterôs 

student (Yu Luo), I developed and tested a digital sorting game based on the UBC sorting 

guidelines. We first identified the most problematic items that cause confusion and 

contamination across the four waste streams (pilot study). Targeting these items in particular, we 

designed the sorting game where participants manually sorted items into four bins (food scraps, 

recyclable containers, paper, and garbage) via computer interface, and receive immediate 

feedback on their performance. Participants sorted the items in two ways: pressing a key on the 

keyboard to indicate to which bin the item belongs (Experiment 1), or manually dragging the 

item to the bin so their motion is tracked (Experiment 2). Feedback was given after each trial in 

one condition, but not in the control condition. After the lab tests I rolled out the game in student 

residences on campus in a field study, and examined whether the game influenced actual sorting 

behaviour under real world conditions (Experiment 3). 

 

4.3 Pilot Study 

The goal of the game was to build knowledge and fill  in the gaps in peopleôs understanding 

about sorting rules. To understand the gaps, I first needed to know what are the problematic 

items and which sorting mistakes occurred most often. In this pilot, we tested peopleôs existing 

knowledge about sorting without giving them feedback. Undergraduate students from UBC 
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campus were recruited to sort 80 common take-out and household items into four bins (food 

scraps, recyclable containers, paper, and garbage), and help us identify items with the lowest 

accuracy based on UBC sorting guidelines. 

 

4.3.1 Participants 

Fifty undergraduate students (30 female; mean age=20.1 years, SD=1.8) from UBC participated 

for a course credit. Participants in all experiments reported normal or corrected-to-normal vision 

and provided informed consent. All  experiments reported were approved by the UBC 

Behavioural Research Ethics Board. 

4.3.2 Apparatus 

Participants in this pilot study and Experiment 1 were seated 50cm from a computer monitor 

(refresh rate=60Hz). Stimuli were presented using MATLAB  (Mathworks) and Psychophysics 

Toolbox (http://psychtoolbox.org). 

 

4.3.3 Stimuli  

The stimuli consisted of 80 images of items, 20 in each of the four bins: food scraps (e.g., an 

apple core), recyclable container (e.g., a pop can), paper (e.g., A4 paper) and garbage (e.g., a 

plastic bag). The item images are listed in Appendix A.1. Each image (subtending 10.3° of visual 

angle) was presented at the lower center of the screen against a white background. Four bin 

signage posters (each subtending 10.7°) designed by the UBC Campus and Community 

Planning, represented the four waste streams found on the UBC campus (see Appendix A.2). The 

signage consisted of organics/ food scraps (R/G/B values: green=32/138/56), recyclable 

container (grey=101/101/101), paper (blue=32/86/147), and garbage (black=19/19/19). They 
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were presented from left to right on the top of the computer screen (see Fig. 6a). The order of the 

four bins followed the standardized bin positions at each waste station on UBC campus. 

 

4.3.4 Procedure 

The pilot study consisted of 80 trials. In each trial, one item appeared on the screen, and 

participants were instructed to sort the item into one of the four bins, as if  they were to throw 

away the item at a waste station on campus. Participants sorted the item by pressing the ñ3ò, ñ5ò, 

ñ7ò, or ñ9ò key on the keyboard for food scraps, recyclable container, paper, or garbage bin, 

respectively. If  they did not respond, the item remained on the screen until response. The inter-

trial interval was 500ms. The order of the trials was randomized. There was no feedback given 

during the sorting task, and their total accuracy score was presented at the end of study. Each 

participant first received eight trials for practice before starting the sorting task, and received 

feedback for each practice trial. The items from the practice trials were excluded from the 

subsequent experiments or analyses. A debriefing session was conducted after the study to 

clarify the purpose of the study and to answer any questions the participants had about the study. 

 

4.3.5 Results 

Accuracy of each item was analyzed based on UBC composting and recycling guidelines. The 

full  list of mean accuracy for each item in each bin is presented in Appendix A.1. Overall, the 

garbage bin had the lowest accuracy (53.7%), followed by the food scraps bin (72.1%), the 

recyclable containers bin (79.9%), and the paper bin (86.0%). The 10 items with the lowest 

accuracy in each bin were considered as the most problematic items. For example, in food scraps 

the most problematic items were napkins, paper towels and pizza boxes, for containers 
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aluminium trays, pringles tubes and aerosol cans, and in paper stream egg cartons, paper bags 

and rolls. In the garbage bin, participants criticized four items: styrofoam bowl, black plastic 

tray, muffin wraps and styrofoam tray as ambiguous and hard to recognize, so we chose to use 

the next four items with a low accuracy: straw, hanger, zip lock bag, and bubble wrap. The 40 

items were selected as stimuli in the sorting game in subsequent experiments. These items were 

also verified by the UBC Campus Sustainability Office as common contaminants in the waste 

streams on campus. 

 

4.4 Experiment 1 

After the feedback on the most common contaminants, Experiment 1 aimed to examine how the 

immediate feedback on sorting accuracy after trial each influenced the sorting performance in the 

lab. 

4.4.1 Participants and Stimuli  

A new group of 100 undergraduate students (89 female, mean age=20.5 years, SD=2.9) from 

UBC participated in the experiment for course credit. From the pilot study, the 40 items with the 

lowest accuracy were used as stimuli, with ten item images in each bin. To test the effect of 

learning, we also created a second set of images of the same 40 items, but each item was 

represented by a different image. The two sets of images are listed in Appendix A.3 and A.4. 

 

4.4.2 Procedure 

There were two conditions in the experiment: a learning condition and a control condition with 

50 participants in each. In the learning condition, participants completed two blocks of trials with 

40 trials in each. In the first block, they sorted each item into one of the four bins, just as in pilot 



 76 

study (Fig.6a), except now they received immediate feedback after each trial, which informed 

them whether they sorted the item into the correct bin (Fig.6b). The feedback appeared below the 

item after participants pressed a key to sort. For correct trials, the feedback was simply 

ñCorrect!ò but for incorrect trials, the feedback informed the participant into which bin the item 

should be sorted (e.g., ñWrong! This should go to Food Scrapsò). The feedback remained on the 

screen for 1 second before the next trial started. In the second block, participant performed the 

same sorting task, with a different set of images, but no feedback was provided this time in order 

to test whether participants had learned to sort better after the first block with feedback (Fig.6b). 

In the control condition, participants performed the same sorting task in the two blocks, except 

that they did not receive any feedback in the first or the second block (Fig.6c). Thus, the only 

difference between the two conditions was the presence or the absence of feedback in the first 

block. The inter-trial interval was 1 second, and there was a 2-minute break between the two 

blocks of trials. The order of two sets of images was counterbalanced over the two blocks across 

participants. The order of trials in each block was randomized. Participants received eight 

practice trials before starting the experiment, and a debriefing session was conducted after the 

experiment to answer any questions the participants had about the study. 
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Figure 6. Experiment 1. (a) In each trial, participants sorted an item into one of four bins (food scraps, 

recyclable container, paper, or garbage) by pressing a key on the keyboard. (b) In the learning condition, 

participants received feedback after each trial in the first block, but not in the second block. (c) In the 

control condition, participants did not receive any feedback in either block. (d) The overall sorting 

accuracy. (e) The mean dô of each bin was analyzed using 2 (condition: learning vs. control; between-

subjects) × 2 (block: first vs. second; within-subjects) mixed-effects ANOVA. (Error bars reflect °1 

SEM; *p<.05; *** p<.001) 
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4.4.3 Results and Discussion 

The sorting accuracy was analyzed using a 2 (condition: learning vs. control; between-subjects) 

× 2 (block: first vs. second; within-subjects) mixed-effects ANOVA in each of the four bins 

(food scraps, recyclable containers, paper, and garbage). The sorting accuracy is presented in 

Figure 5d, and the ANOVA and Tukeyôs HSD post-hoc test results are shown in Table 2. 

 

Table 2. ANOVA and Tukeyôs HSD tests on sorting accuracy in each bin. In the Tukeyôs HSD 

results, the number in the parenthesis is the mean accuracy in the block and in the condition 

(L=learning condition; C=control condition). 

Bin Effect ANOVA  results Tukeyôs HSD post-hoc test results p 

Food 

Scraps 

Condition F(1,98)=2.77, p=.099, ɖp
2=.03 1st block L (78.2) vs. 1st block C (77.3) .98 

Block F(1,98)=18.46, p<.001, ɖp
2=.16 2nd block L (89.4) vs. 2nd block C (80.3) <.001 

Interaction F(1,98)=6.34, p=.01, ɖp
2=.06 1st block L (78.2) vs. 2nd block L (89.4) <.001 

   1st block C (77.3) vs. 2nd block C (80.3) .59 

Recyclable 

Containers 

Condition F(1,98)=62.84, p<.001, ɖp
2=.39 1st block L (64.6) vs. 1st block C (51.9) <.001 

Block F(1,98)=80.90, p<.001, ɖp
2=.45 2nd block L (85.6) vs. 2nd block C (54.7) <.001 

Interaction F(1,98)=47.52, p<.001, ɖp
2=.33 1st block L (64.6) vs. 2nd block L (85.6) <.001 

   1st block C (51.9) vs. 2nd block C (54.7) .45 

Paper Condition F(1,98)=4.59, p=.03, ɖp
2=.04 1st block L (74.1) vs. 1st block C (72.2) .73 

Block F(1,98)=20.54, p<.001, ɖp
2=.17 2nd block L (83.0) vs. 2nd block C (75.2) <.001 

Interaction F(1,98)=4.98, p=.03, ɖp
2=.05 1st block L (74.1) vs. 2nd block L (83.0) <.001 

   1st block C (72.2) vs. 2nd block C (75.2) .37 

Garbage Condition F(1,98)=29.3, p<.001, ɖp
2=.23 1st block L (67.3) vs. 1st block C (57.2) .008 

Block F(1,98)=14.19, p<.001, ɖp
2=.13 2nd block L (86.5) vs. 2nd block C (54.5) <.001 

Interaction F(1,98)=24.77, p<.001, ɖp
2=.20 1st block L (67.3) vs. 2nd block L (86.5) <.001 

  1st block C (57.2) vs. 2nd block C (54.5) .83 

    

     

 

As Table 2 shows, there was a significant main effect of condition, block, and a significant 

interaction between condition and block for all four bins, except that there was a marginal main 

effect of condition for the food scraps bin. This means that sorting accuracy was higher in the 

learning condition than in the control condition, higher in the second block than in the first block, 

and the difference between the learning and control conditions in the second block was greater 

than that in the first block (Fig.6d). Based the Tukeyôs HSD post-hoc tests, the sorting accuracy 

increased significantly from the first to the second block in learning condition for all bins 
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(pôs<.001), but there was no difference in accuracy between the two blocks in the control 

condition for any bin (pôs>.36). Moreover, in the second block the accuracy was significantly 

higher in the learning condition than in the control condition for all bins (pôs<.001). Even in the 

first block, the accuracy was higher in the learning condition than in the control condition for the 

recyclable container bin and the garbage bin (pôs<.01), suggesting the feedback already 

improved sorting accuracy in the first block, since control condition never got any feedback. 

These results demonstrate that immediate feedback in the first block increased sorting accuracy 

even when feedback was no longer provided. This suggests that participants have learned to sort 

more accurately after receiving feedback in the first block. The reaction times (RTs) of only 

correct trials (the time between the presentation of the stimulus and the key press) were analyzed 

with a 2 (condition: learning vs. control; between-subjects) × 2 (block: first vs. second; within-

subjects) mixed-effects ANOVA, with test results shown in Table 3. 

 

 

Table 3. ANOVA and Tukeyôs HSD post-hoc test results on sorting response times in each bin. 

In the Tukeyôs HSD results, the number in the parenthesis is the mean response times (seconds) 

in the block and in the condition (L=learning condition; C=control condition). 

Bin Effect ANOVA  results Tukeyôs HSD post-hoc test results p 

Food 

Scraps 

Condition F(1,98)=2.00, p=.16, ɖp
2=.20 1st block L (2.8) vs. 1st block C (3.2) .36 

Block F(1,98)=63.42, p<.001, ɖp
2=.39 2nd block L (1.6) vs. 2nd block C (1.8) .67 

Interaction F(1,98)=0.13, p=.72, ɖp
2=.001 1st block L (2.8) vs. 2nd block L (1.6) <.001 

   1st block C (3.2) vs. 2nd block C (1.8) <.001 

Recyclable 

Containers 

Condition F(1,97)=6.39, p=.08, ɖp
2=.03 1st block L (2.9) vs. 1st block C (3.3) .18 

Block F(1,97)=61.56, p<.001, ɖp
2=.39 2nd block L (1.9) vs. 2nd block C (2.3) .33 

Interaction F(1,97)=0.05, p=.82, ɖp
2=.0006 1st block L (2.9) vs. 2nd block L (1.9) <.001 

   1st block C (3.3) vs. 2nd block C (2.3) <.001 

Paper Condition F(1,98)=0.25, p=.62, ɖp
2=.003 1st block L (2.5) vs. 1st block C (2.4) .73 

Block F(1,98)=44.12, p<.001, ɖp
2=.31 2nd block L (1.8) vs. 2nd block C (1.8) .99 

Interaction F(1,98)=0.26, p=.61, ɖp
2=.003 1st block L (2.5) vs. 2nd block L (1.8) <.001 

   1st block C (2.4) vs. 2nd block C (1.8) <.001 

Garbage Condition F(1,91)=16.51, p<.001, ɖp
2=.03 1st block L (2.5) vs. 1st block C (3.9) <.001 

Block F(1,91)=22.70, p<.001, ɖp
2=.39 2nd block L (1.5) vs. 2nd block C (2.7) <.001 

Interaction F(1,91)=0.005, p=.94, ɖp
2=.0006 1st block L (2.5) vs. 2nd block L (1.5) .004 

   1st block C (3.9) vs. 2nd block C (2.7) .008 
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From Table 3, there was a main effect of block (1st vs 2nd) in that sorting was faster in the second 

block than in the first block for all bins, possibly due to familiarity with the game after the first 

block. However, there was no main effect of condition (leaning vs control), or interaction 

between condition and block for all bins. The only main effect of condition was found in the 

garbage bin, where sorting was faster in the learning condition than in the control condition. 

Tukeyôs HSD post-hoc tests showed that for all bins, sorting was faster in the second block than 

in the first block for both conditions (pôs<.01). There was no difference in RT between the 

learning and the control conditions for all bins, except for the garbage bin where sorting was 

faster in the learning condition than in the control condition (pôs<.001). These results suggest 

that feedback had minimal impact on the sorting speed, except for the garbage bin. Overall, the 

results suggest that feedback increased sorting accuracy even when feedback was no longer 

provided, but not sorting speed. 

 

4.5 Experiment 2 

This experiment aimed to replicate Experiment 1 using a different sorting method. Specifically, 

we examined how the game influenced sorting performance using motion tracking technology. 

Under normal daily conditions, sorting items into bins is a manual task involving hand motions, 

we used motion tracking to better capture the daily sorting actions. 

 

4.5.1 Participants 

A new group of 100 undergraduate students (74 female, mean age=20.5 years, SD=2.4) from 

UBC participated in the experiment for course credit. 

 



 81 

4.5.2 Apparatus 

Participants in this experiment were seated 50cm from a 21.5-inch touch screen monitor (refresh 

rate=60Hz, resolution: 1080×1920 pixels) in the lab. Stimuli were presented using MATLAB  

(Mathworks) and Psychophysics Toolbox (http://psychtoolbox.org). 

 

4.5.3 Stimuli  and Procedure 

The stimuli and the procedure were identical to those in Experiment 1 (Figure 6a), except that 

participants sorted each item in each trial by dragging the item with their finger to one of the four 

bins on the touch screen monitor, rather than pressing a key on the keyboard. In each trial, the 

item remained on the screen for five seconds. If  participants did not respond within the five 

seconds, the trial ended and the next trial started after an inter-trial interval of 500ms. In each 

trial, the item image appeared at the lower center of the screen, with the center of the image 

located at 960 on the x-coordinate and 940 on the y-coordinate on the screen. The size of each 

item image was 150×150px and the size of the bin signage was 300×312px. Participants were 

instructed to sort the item into one of the four bins by dragging the image with their finger on the 

screen (they could use the finger or hand of their preference). Participants were also told that the 

entire item image had to be within the bin image to complete the trial. The shortest trajectory was 

the straight line between the initial position of the item image and the corner of the bin image 

that fit  the size of the item image (Fig.7a). For example, the shortest path to sort a food item was 

between the initial position of the center of the item (960, 940) to the bottom right corner of the 

food scraps bin image that could contain the item image, where the center of the corner was 

(315, 321). The location of the item image on the screen was tracked every 100ms during each 

trial so that the x and y coordinates were recorded to indicate the motion trajectory. 
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Figure 7. Experiment 2. (a) The game interface on the screen with x and y coordinates. In each trial, four 

bin signage (food scraps, recyclable containers, paper, and garbage) appeared on the top of the screen 

from left to right, and the item image appeared on the lower center on the screen. Participants were 

instructed to sort the item into one of the four bins by dragging the item to the bin on the screen using 

their finger. For a trial to complete, the item had to be fully  contained within the bin. The black lines 

represent the shortest trajectory from the initial position of the item to each bin. (b) The overall sorting 

accuracy. (c) The sensitivity dô of each bin was analyzed using 2 (condition: learning vs. control; 

between-subjects) × 2 (block: first vs. second; within-subjects) mixed-effects ANOVA (Error bars reflect 

°1 SEM; ** p<.01; *** p<.001). 




