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Abstract

Engaging the public in stenable actions is essential for reaching local and global sustainability
goals The first two research questions of this dissertation focus on strategieksit@

contamination of waste private and publiareaghrough active and passive prompts, and
immediate feedback on errors. The third research question expands the behavioural analysis to
examine willingness to act several preenvironmentatlomains: waste, water, food and
biodiversity. Togethetthis thesisaimsto contribute to best practicesthefield of waste

diversion, community engagement dodg-term preenvironmental behaviour change

The firststudyof this dissertation shows thattovidingactive guidance during a public festival
helped people sort waste significantly better timmdalone prompt interventions of 2D signage
and reallife 3D items. The effects were consistent across all veistams andhow the

importance ofjuidance andeedbackat the time of sortingp helpreduce contamination and
achieve zero waste goalshd secondtudydemonstratethat immediate feedback on sorting
errors through aomputergamealsoimproved sorting accuracy in the lab, and benefits persisted
even when feedback was removed in the sgdoal. The game was additionatlsted in aiéld
study in student residence buildingssulting inthe weigh of compost materials increasing

while bin contamination decread. The third key finding of this dissertation demonstrates that
botanical gardens can help engage letstorsin sustainabiliy topics througheanibuilding
activities while immersed in nature. After theisit, participants were more knowledgeable

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

in sustainability actions.



These fiings in aggregate suggest that active guiddmely feedbak, and engaging nature

tourscan be effective tools t@ise awarenesmd educate the public in recycling and
compostingadherenceHowever, knowledge alone is insufficient to lead to-@neironmental

behaviour ifthe overarchingsystems of provisioare notdesigned o | ever agi ng peop
for convenience and behavioural shortciitsaddition toenvironmentaeducatiorand
awarenessspecialattention needs to be paid to conveniengeisnormative cues and material

infrastructure.



Lay Summary

This dissertation explorekeory and practice behirstrategieshat engage individuals and
communities irsustainablections involving waste, water, food and biodiverditging
guantitativeexperiments, | test strategies that help reduce recycling and composting
contaminatiorof consumekvaste anassess the impact of nattyased education tours on
parti ci pant s 6sustindblyUsenotarcenpuegameto teachtbettesortingand
providing active guidance upon waste dispasghificantlyreduced contaminatioof waste
streams. Botanical gagds and naturbased educational organizations cantribute to
sustainabilityengagement wittours andorograms that raise participadts e nvi r on ment al
knowledge attitudes and willingness to adthese studies confirm thearious forms of
feedbackc an | mpr ov e p eaadwillieghess tk attbowdver, krpwledgaloneis
insufficient tolead topro-environmental behaviouf extenal factorginfrastructure,

conveniencegr incentives), are not designadd alignedo supporp e o plbngtérsaction
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review inapeerreviewed academic journal. My contributiong@searctChapters 3, 4, ansl

include identifying research questions, designing the experimental protocol, collecting data,
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Chapter 1: Introduction

Creaing change to mobilizae transitiontowarda more sustainable futuigone of the most

significant challengeof our time.Scientistshaveurged for asubstantiathange in values and

behaviour in every nation of the worldith a systemic and integratedllaborative workacross

sectors and natiore help societies move toward a more sustainable fijtwiechenco, 1998;

Moore & Rees, 2013; Raskin et al., 20@¢spte the growing awareness @fivironmental

problems and theollectiveneed to actchange igifficult, andhumanity hasot yet set the

course toward thisignificant tansformationSi nce peopl ebés acttheons ar e
sustainability challenge, behavialiresearcls essentiato helpmotivate mobilizatiorioward
achievinglocal and globasustainabilitygoals With an interdisciplinary perspective centened
environmental psychologthis thesis investigatdsedbackand educatiostrategies that lead to
motivation andadoption ofpro-ervironmental behaviotirOne of the central focuses of this

work is to examine approaches to reduce contamination of negyeid composting strearms

household and public realms addition to waste, | also examine other environmental domains

such as water conservation, sustainable food choices, and biodiversity consefabicthe
experiments are conducted within tantext of the University of British Columbia (UBC)

campusin the lab, student residence buildings and the UBC Botanical Gakgech, this

di ssertation also observes UBC6s role as an a

behaviour, edwation and culture of sustainability.

11 adopt Steg et al. (2014) definition mfo-environmental behaviouisany action that enhances the quality of the
environment, regardlesd the intent Pro-environmental behaviour is synonymous with sustainable behaviour or
sustainablections.



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, meume 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? Participatiactiors like recyclingand composting carsa

be a proxy for othepro-environmental behaviou(siolland, 2000)so the insights and strategies

can have relevance to other sustainability doméinsan waste managemt is a growing issue

for cities and communitieglike due to the environmentahdfinancial costs associatedtivihe
collection, sortingresource qualityand transporof waste(Statistics Canada, 2013)hefocus
onthewaste sding problem haslsobeen inspired by my work witthe UBC Camps &

Community Planning departmeas a Zero Waste Coordinatburing my appointmentver one

million dollars worth of infrastructurevas rolled outo boost recycling and composting Iste

me et |CBMatéAction goals(UBC, 2015) Employed in thidearnwork position for two

years | helped draft waste sorting edtion and outreach campaigtrainedfood service taff

in recycling proceduresnd organize infrastructue upgrades in student resideacel academic
buildings.This involvementgave mdirst-hand experiencabout the ned for strategies to

educate and inform proper sorting practices,thedmportance of infrastructuee. bins,

signage, conveniengeonsistencyas well agpersonal andocialelement{ i . e. s peopl e d
attitudes, perceptions, interestsd normsnecesary forthe succesesf waste diversion

programs

Becauseecycling and composting has bbesround for a long time,dssumed that most of the

consumefvaste produceth big citieswas diverted frontandfill. | quickly learned that even



when peoplgartidpate in the recycling and composting progsathe contaminatiofinside the
binscanbe so severe t@sult inall the birsbcontentgyoing to thdandfill. As more

municipalities and communitigeroughout Canadexpandheir servicedo include separat

food scraps/ organiallectionand implemenstringentregulationgsuch aso food allowed in
garbagg participationin recycling and compostingrogramss increasingHowever, an

increase irparticipationdoes not solve problems obntaminatiorof recycling binsandmay in

fact exacerbate.it.ike motivatingparticipation, ontamination of waste strearoan becaused

by numerous factors, such as lack of knowledgéocal sorting guidelinesnissing or
inconvenient infrastructurer lack of persoml or sociahorms The growing complexity and
variety of materialsn the marketplace another factor as d@ften confuses people when it goes
against their intuitionFor example, mostingle useoffeecups and containers amecyclable,

but there aréypeswhich arecompostale, biodegradable or disposalften-recyclable) with
differentlocal guidelinessignaling which bin they should go in®ven if they lookdentical to
theuserfi a | ocal composti ng rhpostabléatldaryyandecupsvenit o6 di g
it says compostable on the item, they must gotimtogarbagstreamMany items may look and
feel recyclable but are natlowed in local recycling streanissuch as soft plasticbags,

styrofoam propane tanks, tinfqilor greay containersin fact, mostousehold items, like
toothbrushes;oathangersceramics, clothes, batteries and electrardste are not accepted in
standardecyclingcollection Encountering these issues throughout my appointment made me

change my perspéveto becomemore y mp at het i ¢ tlestolveangdcte 6s strug

2 Contamination is a technical term for a aracyclable material that shoufat be in that bin or waste stream. It
can range from lefover food in a takeout containera nonrecyclable plastic packaging (like styrofoam, unmarked
plastics or soft plastics), to other garbage items like-kaagers, clothing or propane tanks.



sustainablyl recognizedhatasking people tparticipate iran environmental action, such as

waste sortingr water conservatigiis one thing, buhaving them be capable to dois@nother

problem entirelyif the availablematerials]ocal policyand economics are acting against their

agency]l became curious about ways to motivate pe
enhancing their knowledge and willingness to acingixing the roles of attitudes, convenience

and contextual factors.

Next sectians of this Introductiorfurtheroutlinethe research contemtthin the environmental
andsustainabilitygoals,including effective waste manageent followed byabrief theoetical

backgroundehindthe studiesanddissertatiorresearch questiorad goals

1.1 Research Context

1.1.1 Sustainability, Human Action and Waste Management

The collective impact diumanactivitieshas caused adversffectsonEar t h6s ecosyst en
createl a myiad of environmental problenfSathaye et al., 200,7at such unprecedented levels
that we have ushered a new geologic period called the Anthrop@tadasiewicz et al., 2010)
More than80 percentbEa r t h 6 shasbeemalesed by human activitywo-thirds of major
marine fisheriesreoverexploited or depletednda globalbiodiversity lossunderwaylooms as
the worst mass extinction sinttee dinosaur§FAO, 2013; Folke et al., 2004)he unsustaable
management afaturalresourcesalong with thechangingclimate iscortributing to rising mean
temperatues, destabilizinglacial icesheets, and threatieg to weakenthe NorthAtlantic gulf
stream, consideremkthe engine of the Oced@onnor, 2015; Secretariat of the Convention on

Biological Diversity, 2014)Thisincreasing environmental degradation and modification of our
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pl anet 6 $andphysitabsgstemsdavingserious and profound implications for all life
on Earth, including the ability of our species to thriith expected and unexpected threats to
current and future populatioEstes et al., 2011; lbehenco, 1998)t is becoming apparent that
thecurrent trajectory of the ecologicdévastatiorcannotbe halted or reversed withoattion to
radically transform systems of provision and human consumg@hbring itin line with what

natural systemsanregenerate ansupport(Amel et al., 2017)

Among themanyenvironmentaproblemsfacing humankindgeneratiorof consumervaste has
reached unpreclented leveland requireslirectattention(Geyer et al., 2017; UNEP, 2015)
Consumer and householdgtehasnumerougieleterious effects on human health and
ecosystemgSchlossberg, 2017rom landfill emissions contributintp global warnmg, water,
soil and ai pollution from incineration or leachintp the growingenvironmentathreats of
plasticsbioaccumulatiofHumes, 2012; Tammemagi, 199Blegative effects of plastic
pollution areparticularly problematic since plastic polymers do not biodegeatessentially
turn into smallepieces thabioaccumulatan the environment anduild upthroughout the food
chain(Jambeck et al., 2015}t is estimated that d8.3 billion metric tons of plastic produced to
date, only 9% has been recycled, 1@#nerated|eaving79% accumulatingn landfills and
oceangGeyer et al., 2017Recyclingrates in high income countries have been increasiag
the decade@JNEP, 2015)with multi-streambinsbecominga commonsightin cities and
municipalitiesaround Canaddlowever, the amount of residential waste has also been
increasingResicential waste in Qaada has increased by%80n the last decade, asch person
throws outabout 750 kilograms aofiasteon averagevery yealStatistics Canada, 2014)he

overall recycling ratef household waste in Canada (ergxed paper, plastics, glass, metal, and
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organic matterjs currently estimated around &bwith some municipalities doing bettéran

others(Dewis & Wesenbeeck, 2016; Statistics Canada, 2@d4)nadadés overall was
is below the European average of 4% byGermanyAustria Wales and Switzerlarat

arounds5 %2 (Paben, 2017Thereasons or Ger many ds succesamX n was!|
of strong government poiesregarding producer responsibilityhich mandatea closedcycle

system of provision, collectiomand treatment of wastas well agitizens embracing recycling

(Nelles et al., 2016Currently many communitiga the world and in Canadaly on frat-end

sorting of wastéi.e. by households and consumers), butctir@amination of compost, paper
andcontainers streanmosesa drawback tahe pogrand effectiveness and profitability

(Thomas & Sharp, 2013; Varotto & Spagnolli, 20M\Fhile the majority of household consumer
waste(~70-90%) couldbe recycledr compostedmost ofit still ends up in landfill§Geyer et

al., 2017; Hottle et al., 2015klobal Waste Manageme@utlook estimates thaurrentglobal

waste generation sround 3.3 milliortons per dayUNEP, 2015)with this amount estimated to

increase’0% by 2025, tripling by 200 (Hoornweg et al., 2013)

1.1.2 Motivating Pro-Environmental Behaviour Change

This thesis is methodologically rooted in environmental psychdlogwestigatehow

individuals and communities experience and respond to environmental conditidrsowto

motivatethem toward sustainabéetionsSi nce peopl eds actions are a
sustainability problems, it is crucial to study and understanthdwhanisms that enable or

constrain behavioural sustainability as pedpie their day to day livesTremendous progress

3 This recycling rate does not include waste to energy incineration.



has been made in the last few decades to better understand pdittenms&an behaviour and

apply thatkknowledge toward motivating prenvironmental behaviofAbrahamse & Steg,

2013; Amel et al., 2017; Gifford, 2011Research 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 attitudesocial norms, habits, culture, materials and infrastructure, just to name
a few(Gifford et al., 2011; Kahneman, 2011; Steg & Vlek, 2009; Weber & Johnson,. 201i&)
research has enlightenedr understanding dfuman behaviour and given rise to new domains

of research that applies behavioural principles from economics and psychology to motivate
sustainable consumer behaviour andemgironmental actionsSince human behavioura

aspects arprofoundly social andhultidimensionalthere are ngjuick fix interventions thatan

work for all types of sustainabilitgroblens due to the variability of factofdackson, 2005

Nolan et al., 2008; Shove, 2018 we try to motivate individuals and communities intt@t

we must remember that personal agesayftenrestriced bytechnical,economicor cultural

factors, beyond n e 6 s . Asdumanrieddviour and sustainability aegtremely canplex
multi-layered phenomendhat cut across all disciplines and realms of lifés practical to apply
aninterdisciplinarylensto study and try to solvsuch wicked problemsas each discipline

brings unigue insightRittel & Webber, 1973)Furthermorepro-environmental behaviour

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

Metro Vancouver and UBC camgu

4Environmental problemsatey SEl YLX S 2 F Wg la@diffcit@r imgbsRilie tdsyive fagaiiyh O K
reasons: incomgite or contradictory knowledge and opinioarge economiburden, and the interconnected
nature of these problems with other prédms. That said, wicked problems are very much worth working on!
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While this thesis is primarily centered in literature frpgychology| also drawextensively

from thesociccultural and systems thinkiigeratures in my examination of pemvironmental
behaviour Experimentdeatured in this dissertatiare gromded in practicatontextsolving
specific problera (such as inaccurate sorting or waste), but at the same &@ragnine how these
behaviourcome about anflinction as a sulystem obthersystemsin other words, while
individual and collective behawo is at the center afly examination, iexists inlarger system
of multi-diredional influences, that effect and reinfotoghaviour over timeoftenin emergent

andunpredictablavays with aforce of their own(Meadows, 2002; Shove et al., 2012)

| set out with themainpremise that st people do not set out to be unsustainatsumers

but are mplicated in ecologically disruptive practices set up by powers out of their control,
where their intentions to be sustainable clash with other lifestyle desdagpalgSteg & Vlek,
2009; Whitmarsh etal.,, 2013 i mi | arl 'y, we often place expect a
t hing! o, t hi er&sehgengy, whan disgplinasrilee behavioural economics have
shown that this is simply not realistic for all people and all behavi{#@isneman, 201MVeber

& Johnson, 201R For examplemostpeoplelikely do notwant to emitons ofgreenhouse
gassesindmelt awayglacialice sheets, but if their work requires frequenving or flying, or

they want to visit familyand friendsduring holidaysthey have little choicéother than

abstaining from the actiond augmenthat aspect of their lifevhich depends on the available
technology andhe energy that powers ltikewise, eople attend concerts and street festivals to
have fun and enjoy entertainment, but when theyfoods and drinkat these venudbey
contribute to wastgeneration and contanate recyclingpins due to lack of knowledge, time,

clarity of signage or other factor&s Herbert Simon pointed ouhe complexity (and thus



unsustainability) of human behauias largely a reflection of the complexity (and
unsustainability) of the emmanmert in which humans live and ag®imon, 1996) Thereforeas
we try to inform and engage individuals in govironmental actionst seems pertinent to also
examine the big picture of local contexts and social elements giving rise to and shaparg
behaviour in powerful ways. At the heart of the matter iSdba thathere areopportunities to
intervene andlesignsystems oprovisiors that support human desires for goods and services

while fulfilling long-termsustainability goals.

1.1.3 Cities and Communities as Agents of Change

Halfof t he wilatiorlide$is citipsacgnsuming 80% of all energy and releasi®g of

all global greenhouse gas emissig8sto et al., 2012)'he urban metaolism and the ecological
footprint of cities ex¢nds many times beyond the avdach they physically occupfRees,

2002) Citieswill continue to haveremendous implications for global sustainabiéis/70% of
global popudtion is expected to live icities by 2050(United Nations Development Programme,
2018) Cities and communities, likechool campuses, have an opportunity to lead the change
toward more sustainable practicégith the goal of urban sustairiity and managing the

growth ofsolid waste output, many municipalitissCanaddave begun to set up
comprehensive recycling amdmposting policies to increase wadteersion away from

landfills (Environmentand Climate Change Canada, 20049 thisendVvancouver 6s Gr ee
City 2020Action 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 lef@ity of Vancouver,

2012)



Located invancouver, Canada, the University of British Columbia (UBC) is matching the
municipal wage diversion goal of 80% by 2028nd investing heavily inerowasté
infrastructure, resear@nd communication on camp(ldBC Communications & Marketing,
2017) These arsomestes UBC and Metro Vancouvare undertaking tmstitutionalize
sustainability through operationafrastructuregeducationand reearchwith tangible targets
andbylaws (i.e. no food allowed in garbagdh this way, dgties, communities and campuses can
build capacity to act as agents of change in sustainability through policies, Jytaivs

infrastructuraimprovementgo motivate action anthe cultureof sustainabilityover time

1.1.4 Waste Sorting Challenge: Participation andContamination

As mentioned, inmany parts of the world effective waste diversion relies on public participation
to correcly sort waste at home and public usingdesignated bins for paper, recyclable
containers (metal, glasand plastics), food scrapsranics) and garbag€hung,2018; Thomas

& Sharp, 2013)Public engagemerdand knowledge of thgorting system is cruciab the

recycling effortsbecause they can dictdteefrequency of participatiorhow difficult or

important people perceive the behaviour to be, and thdingriess to ac{Best & Kneip, 2014;
Schultz et al., 1995blPeaple maylack theknow-how (knowledge and skillspast experience,
materials Bins and signagedr have lowpersonal valueandattitudeswhich affect both
participation andin contamination(Varotto & Spagnolli, 2017)While many approaches have

been successful in increasing participation rates in recycling and comp@ssigk Kneip,

5 Zero waste is defined as a process that emulates sustainable natural cycles so that allaretegtmed to
become aresourceor ot hers to use. Zero waste goals are nestl ec
process, as desbed and popularized by McDonough a@dchungar{McDonough & Braungart, 2002)
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2014; DiGiacomo et al., 2017; Miller et al., 2018jore research is needed on effective
strategies ttelp reduce contamination wiaste streams ifamily householdsmulti-unit

residential buildings, and outdoor wess like festivals and events. As mentionexhtextual

factors like theavailability of bins, conveniengcandsocial norms may all motate people to
participate in recycling or compostintguttheydo notguarantee the accuracy of sorting actions
(Wu et al., 2016)By focusing orstrategies thaeducecontamination 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 streaissa serious problem due teemendous strain docal resources
regardingcosts time andlabour required to correctly 4®ort items at centralized sorting facility
(Morawski, 2009) Often heavily contaminated collectioregjuireadditional trucking to the
landfill from sorting facilities, increasinGHG emissions antransportatiorcostsof materials
that could havénstead been soldto manufacturingsupply chais (Chung, 2018; Hershkowitz,
1998) In Canada, many cities as&rivingto lower their contamination ratesspecially
communities that collect their recyclable contashgtassand paper comingled together
(Statistics Canada, 2014Jontamination damages other materials as it mdwesigh thevaste
managemergystem, turning tanof otherwise good recyclable material® garbage to be
procesed and shipped to the landfill. Cities that colltheir materials comingled, like Toronto
and Edmontongften havehe biggest contaminatioates(between 2827%)whichreduces the

amount of valuable matergthat can beold increasing theostsof running the program

(Chung, 2018)It is estimated that each percentage pointdecirase c i t y 6 s cauldt a mi

lower recycling costs by $600,000 to $1 million a y&lung, 2018)Met r o Vancouver 6
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overallcontamination rate isround 5% with specific streams for compost, pageyclable
containersand glass. At UBEwhenbins are contaminated pdbke agreedhreshold (5-10%
depending on the material streathgentiretyof theb i rtdntentsan besent to the landfill.
As a resultjncorrect sortingcan cancebut the positive intent of participatipand yet public
participation is crucial for the success of the progréherefore, in addition tpromotingpulic
participation in waste diversipwe must als@ncouragand promoteccuracyof the actions
lessening contaminatioAn intake of thousarglof new studentsvery yearcreatesa spikein
contaminatiorthroughout the UBC campyBud FraserUBC SeniorPlanning and
Sustainability Engineepersonal communicatigi2016§. Considering thecological and
economidmplicationsof contaminationcorrect waste sortingan have direct contribution to

sustainability targetand financial benefitthat extend bacto communities

The problenof participationand accuracin recycling programs isftendue to lack of
knowledge and infrastructural conveniences, furtéxeicerbatedy thevariedand numerous
amountof packagingmaterials available in the marketplaéeidits have shown thaepple do

not have trouble sortingop cans omewspaperdinding these materials are accurately sorted
aroundd8-96% of the time(UBC Communications and Marketing, 2014psteadpeople are
struggling with mxed material itemghathave become more complex which has led to counter
intuitive recycling assumption€ontributing factors teontaminatiorare the birand signage
discrepancies b&weenMetro Vancouver regions. For exampbaper bins otyBC campus are

blue and container bins are grey, while M&femcouveé s col our scheme is yel

8 UBds technically not a part of Metro Vancouver as it is located ettfiversity Endowment &nds
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and blue for container bink city parks, there are often mecycling or compost bins éuo

wildlife concerns, and is commonto come acrosgarbage bing avariety of coloursgrey,

black, green and blu€onsideringhese differences artdle complexityof waste management, it

is unsurprising that people make sortergors Furthermorethis complexity also makes
behaviouratesearchnterventionsn this topicdifficult because they musgtarse through the

noise, informandsimplify sorting behaviour withut furtheroverloadingpe pl eds ment al
capacitiesWaste sorting is a twpart poblem, both requiringarticipation in the program, as

well astheability to correctlysort and not contaminateaste streams. This is one of the main
guestions of this dissertationow best to reduce contamination of the recyciing compost

bins whileworking with peopésblimited interestsknowledgeand timeto motivate and inform

better sorting practices.

1.1.5 Education in Nature: Botanical Gardensand Sustainability Engagement

While the first two research chaptéBsand 4) focus othe problemsof waste sorting accuracy
and contaminatiorChapter Fexpands the analysis éxaminewillingness to act in other pro
environmental actions, including waste, water, food and biodivewityking with the UBC
Botanical Garden and Society Promoting Environmle@bnservation, | study and evaluate the
effects of an adult prograntieertised as a teatvuilding retreataimingto engage employees of
local businesses and organizations in topics of sustainaBiidmotingpublic engagemens
central toreaching leal and global sustainable devaiognt goals, however thismains a
challenge for governments, organizations, and institutaike (Gifford, 2011; Weber &
Johnson, 2012; Whitmarsh et al., 2018)a culture where environmental problemsatreeast

partially caused by a growing disceaction from the natural worlGuzuki & McConnell,
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2007) botanicalgardensand naturebased groupare uniquely situated to provide a contribution
to sustainability education while fulfilling thesthergoals.Most botanical gardens around the
world already promote research, plant conservation, and public educatioghto@urses, tours,
ard ewvents(Dodd & Jones, 2010)With the growing awareness of environmentaééts, there
has been a rise interest towar@ducaion for sustainable developmentith gardens around the
world working to broaden aliences and divsify programgWilliams et al., 2015)With over
3300 botanical institutions and public gardens around the world receiving over 240 million
visitorsper year(Botanic Gardens Conservation International, 20tt®re is a tremendous
opportunityfor these naturbased groupt re-connect communities with éhnatural world,
illustrate theweb of connectionsf ecosystem serviceand motivate actistoward a more
sustainable futuraVith this goalin mind, Chapter Sevaluatestrategies o€ollabortive
community engagemeandsustainabilityeducation andits impact on participanéknowledge,

environmental attitudes and willingness toiac20 preenvironmental behaviours

1.2 Research Questions

Broadly stated, the purpose of this dissertatido explore the theory and practice behind
feedback and education strategies to engage individuals and communitiegmvippomental
behavioursTwo research chapters are specifictdigused on strategies thaduce

contamination irconsumer and houseld waste streamsvhile the third examinesillingness to
act in severasustainability domains, of which waste is oRast studies on recycling and
composting have often focused exclusively on participation and studied a single intervention,
such as gins or behaviour modeling. My first study makes a contributditeratureby

examining participation and contamination while testing multiple interventions which differ in
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level of information and convenience providedth theoreticaland practicaimplications for

effective design of future interventiorighe 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 contamirmates and make errorSince signs and posters
areofteninsufficient, and volunteers and social modeling is not always available or practical, the
second research questiemploysa digital sorting gamo test theeffectiveness of immediate

feedbackon orting erroran the lab and under realorld conditionsFinally, the third research

study expands the scope of fmovironmental action to examine the impact sustainability
education tours can have on mo tWhikeeathofthg gener a
research chapters is focused on a spemfiearch questigrumulatively theyorm a broader

narrative about motivating prenvironmental behaviour

1. How dovisual promptscompare with activeolunteer guidanceegardingwaste sorting
participation(weight of materials) andccuracy (contamination) across different waste
streams?

2. Can an interactive online sorting ggmath immediatefeedbackon errorsjmprove
sorting accuracgver timecomparedo standardecyclingsignag®

3. What is thempact ofa sustainability education prograneld in a botanical garden on

p e o pdnwrd@nmentaknowledge attitudesand willingness to act?

The overarchingnquiry thatconnect the researdmapterss concernedvith catalyzing human
agency and capagitowardsustainability(i.e. motivating preenvironmental behavioury

leveraging and presentimgformation andeedback imew anduseful waysAt the same time, |
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observebehaviour as a systeimtertwined withinlarger systemésuch as infrastructarand
policy) which canlimit or enableindividual agencylooking for opportunities tdesign
sustainability pathwaythatmake preenvironmental behaviodake place by defaulthenever
possible Insightsfrom this dissertation will providealuable pratical and theoretical knowledge

for future of sustainability engagement and research

1.3 Description of Chapters

Chapter lgivescontextontwo key research areas of this thessues regarding consumer
waste managemergndstrategies to engage localmamunities througla naturebased
sustainability educatioprogram anatoncludeswith my research question€hapter 2 unpacks
the theoretical underpinnings and literatmtgich have informedtudiesin this dissertationl
focus primarily orthe role andnfluenceof information, education, social elements, and

contextual factorgn motivatingpro-environmental behaviour

Chapter 3s the first study andxamines effectiveness passivevisual prompts andctive

volunteer guidance areduction ofcontanination inrecycling and compost strearisring a
popularpublicevent:UBC& Apple Fesival. The problers of designing effective passive

prompts and visual cues dmought to light stemming from anix of human, technical and

economic factorsComplexityof takeout materials, the infrastructural ability to recycle and
composttems andenvironmental attitudes impagte opl eds abi l ity to make
decisionsThe study highlights theffectivenes®f trainedvolunteergyiving guidance tdelp

festivalgoers sort their waste more accuratelliich helps significantly reduagntamination of

bins.
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Chapter 4uilds on the findings that people need help to sort more accuytalyiring novel
strategies to facilitate learnimj recycling guidelineto reduce contamination of bins

With a goalto move beyond flyers and postdrielp design avastesorting gamehat provides
immediate feedback agrrors andestthe effectiveness of the gamelat andrealworld
environmentsThe lab studiessemotion tracking andomparesorting accuragacrosghefour
waste streamddod scrapbkorganics containers, paper and garbage) with and without feedback
of sorting errorsWith positive leaning effects in the lald deploythe game in one of tHarge$
UBC student residencesnd compareontamination levelt a building where redents did not
play the game and instead relied onlysmmagepostersn the recycling roomin addition to
teachingUBC studentbetter sortindnabits studiesin this chagter alsauncover and examirtbe

mostincorrectly sorted waste items on campus

Chapter Sexpands the behavioural focus to exantimeeffectiveness of Field School (FS), a
communitybased educatioprogram to engage employees of local businessesagahizations
in topics ofsustainabilityMore specifically | evaluate eorporate teanbuilding program
delivered out of UBC Botanical garderich delivers activities and curriculufocusedon

waste, food, water and biodiversityexaminethe impacif engagingsustainability education on
participansdknowledge, attitudesnd willingness to adiefore and after thegardervisit,

comparing results to those r@&gular garden visitors who did not receive the FS program

Chapter &concludes the disgation by summarizinghekey findings from each chapteheir
significanceresearch limitationand future directiongkeflecting back to the research questions

andthe theoretical frameworldiscussed, provideanoverallsynthesiof theresearch rests,
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their implicationfor pro-environmental behaviownd effective public wast®anagementand

explaintheoretical and practicalgnificance of my research.
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Chapter 2: Theoretical Background

Sincegopl eds actions are at tihiecruciattadtueyrandof sust a

understand the mechanisms that enable or congtraienvironmental behaviowas people

strive to achieve their dailyeedsIn recent years there has been a rise in interest in behaviour
change approaches from community groapd policy makers, to heljpuidecitizens into
sustainable actiorst home and in the publio order to address growing environmental
problems(Dietz et al., 2009Ehrenfeld, 2008; Weber, 2008}esearch acrossnaus domains of
behaviour change has demonstrated that there is no such thing as a simple solution to change
given the varying environments, certs and scales of the problé@rompton & Thogersen,

2009; Hjorth & Bagheri, 2006; Jackson, 200Bstead, 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 experieamg$abits, cultural influences,

economics and infrastructure, just to name a(l€éahneman, 2011; Steg & Vlek, 2009; Weber

& Johnson, 2012Most preaenvironmental behaviours are dependent on additional factors like
convenience and habit, and mediated by multiple values (i.e. social petssnal goajsand

s 0 p eapronmdéntmimotivations and actions will vary across populations and geographic
contexts(Jackson, 2005; Stern, 200WYide-rangirg investigation®n behaviour and change
have spawned a seeminggdlessiumber of modeland frameworkstenming from all

branches oknowledge with disciplinary boundariethatdefinethe problemlevel and the unit

of the analysigJackson, 2005Pue totheepistemologically incompatiblgifferencesacross
disciplinesin problem definitionsand context scopé appears that anifying synhesisis

simply animpossible endeav@bDarnton, 2008 Sometraditions,like psychology and sociology

canhave quitecontradictoryapproaches to behavioand human action which lead to very
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different research activds and proposals for interventioAs$.the same time, exploring
approachefrom different disciplinesor common themeand points of connectioran lead to a
betterunderstanding of the problems aled to adesign of strategies wigmowerful and lasting
effects.With the focus on effective communicatiand education to communicate sorting errors
and motivate communities towards a4emvironmental actiorthis thesis draws primarily from

the environmental and socialygtiology literature. At the samerte, since the individual needs,
attitudes and decisions are in large part constructed by the complex externas sy gielmy,
technologies, infrastructures and institutionsaveexplored an array of literatures anenefited
tremendously from the ifghtsof social sciences and complex systehisking. The next

sections unpack and discuss common behaviour change frameworks and elements which have
been applied inthisdissart i ondés research, namelkpowledgp or t anc e
and feedbek, ii) socialnorms andattitudes andiii) the contextuali(e. material, infrastructural

and environmental) factors.

2.1 Early Models of Behaviour Change: Emphasis onRationality and Knowledge

Among the many models of decistamaking and behaviour chamghe focus oknowledge,
powersof reasorandpersonabgency have been among thestdominant(Darnton, 2008)The
earlybehaviour change theories were heavily influenced by the popularity and the reach of the
classical eonomt theory basedminstrumental rationality and expected utilitygory

(Armitage & Conner, 2001; McFadden, 1999%llowing theindividual agency and rational
approach model, thearly behaviouchange models reasontétat human beirgjare logical,
drivenby utility maximization andmakinguse of information through objective deliberation

(Ajzen & Fishbein, 1980; Becker, 1976; Friedman & Savage, 18483ing a strong emphasis
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on individual agency, personal norms, and the power of information as instrumental drivers of
behaviour, these approaches often dealt with behaviours like gambling, inyesiitinggalth and
were centered on the utility maximizatifhrmitage & Conner, 2001)nformation and attitudes
are common factors in many psychological models on behaviour. For exémepisy, or
reasoneddion (Fishbein & Ajzen, 1975and theory of plannedebhaviour(Ajzen & Fishbein,

1980)arebased on deliberate calculation on the benefits and drawbacks on the consequence of

actions, mediated by the available information, the subjectivesiorm nd t h eentpoer sonoé s

act Theory of planneddhaviouralsocontainsb a per cei ved Dbtedecauntfor ur al
additionalconstraints that mapnfluencebehaviouy such as does the person have the power to

act Theory of planned behaviohasbhecomeone of the maswidely cited and applied models

with an empirical formuland the ability to predict 280% of the variance in some behavioural
outcomes via intentiofAjzen & Fishbein, 1980; Armitage & Conner, 200%)ccesf the

rational choicagheoriesinspiredlinear models of behaviour changéich assuma straight

forward progressn from environmental knowledge to environmental awareness and,autitn
gaverisetdi i n f o rdefiaittmodebd o f ,evihessthegnéssing component for actios

more informationBlake, 1999; Kollmuss & Agyeman, 2002; Owens, 2000)

The underlying assumptiaf information based sitegies is that peopt&an be knowledge
hungryand capabléo act inline with their values and goals, but thajght not know about a
specificenvironmental problem, avhat they can do about @ndso providing knowledge can
increase awareness and cemms, encouraging indivighls to change their behavidai@chultz,
2002) Theinformationcenteredapproachesan work in instances when information is indeed

theonly piece missinghowever, the critism is that such assumptioogeremphasizeéhe
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power of irdividual agency and rationalitgspecially when it comes to a myriad of{ro
environmental actions, which are not all equal in difficulty or gdstimuss & Agyeman,

2002) Thisin turncan oversimplify the behaviour change probleand painta rather optimistic
version of human agency, where the solutmthe behavioural conundruisito keep providing

more informatiorwith theemphasison n d i v i datleir gam dnd helf the environment
(Blake, 1999; Kollmuss & Agyeman, 2002; Whitmarsh et al. 020mhis approachs
problematidbecause knowledge is often not the only barrier to inacsiodwhile information is

often necessariy is not easy to communicate and provide to desired audience when needed, and
therefore simplyroviding informationimot suf fi ci ent to change mos:!
behaviour{Owens, 2000)Due topopularity of the earlyational choicanodels and the relative

low cost of implementatiortheinformationprovision strategiesave becomeeeply entrenched

in the institutions and structures of modern Western sq@etyhis model of thinking

dominatesnuch of thanterventionwidely deployed todaydackson, 2005)

2.2 Limitat ions of Cognition: Shortcuts, Biasesand Convenience

fiHuman beigs, viewed as behaving systems, are quite simple. The apparent complexity of our
behaviourover time is largely a reflection of the complexity of the environment in which we find
ourselves oHerbert A. Simon

In contrast to the assumptions of the ratiatice theory, behavioural economists have shown
that people of all backgrounds and levels of education can make systematiofgudgement

miss clear information or visual cues, arejlectto weighthepros and cons of all possible
outcomes beformaking decisiongKahneman, 2011)n short, people haw limited time and

interests, antheir mental capacitiearesusceptible to fatigue and lapses of judgenf@riely,

2008)Over the years, the behavioural research h;:
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cognitive capacities are a precious resourcewandannot expect people to the heroic

decision makers and agents of change on all matters, including sustainability. Instead the
behavioural research has shotlvat much of our behaviour is instinctive, habitual and follows a
pathof conveniencesimplicity and social cueKahneman & 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, spegk may not even see

the posterhave the time or interest to read or memorizant they might have already pre

sorted their waste in the apartment and no not want to exert more energyThisddck of
attentionmay alschelp explain why many ahy early pilots to reduce contamination in compost

bins throughstickers and similavisualprompts weraot very effective.

Human decisiormaking(andthusbehaviouy relieson thethinking andnonthinking elements.
Importantly, t appears that the ndhinking elements operate most of the time, andieven by
habits, shortcuts, biases and emotidieeyoperate suzonsciously antielp people nagate
through the complex worl@ohn et al., 2011; Kahneman & Tversky, 20048rbert Simon
coined the term &b o uhatthemhn beiags haverfiaite gompytationtalo e x p |
abilities and that the mingimply cannot absorb nor praggall of the information in its
environmen{Simon, 1982)Dual procss theory by Kahneman and colleagadded tadheidea
of bounded rationality showinpat human minds operate througlo distinctsystems: System
1 beingrapid, automati@and associativeggnd System 2 as analytieasonableand slow
(Kahneman, 2011;I&man, 1996)It is difficult to discern the way in whircthe two systems
interact, buthe key ingght comes through acknowledgem#émt System 1 is on most of the

time operating on an intuitive level, looking for patterns and shortcuts to decisiocs.Sistem
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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, 201150me of theshortcuts to the automatic behavigan bedriven by heuristics

such as framing, priming, anchoring, loss aversion, cognitive igsm® and stais quo

preference; these heuristics, while important in helping people navigate the complexity of their
world, contribute to errors in judgement as they operateesabciousy (John et al., 2011,

Kahneman & Tversky2001) These biaseand cognitive erroreften haveself-reinforcing

feedback loops which make it more difficto change existing behavio(IDarnton, 2008)For
exampl e, confirmati on b indasord reaycling to sesreh fag anche o n e
interpret information pertaining to recycling in a negative way so it confirms his or hers pre
existing beliefs and/or behavioand lack of actionThatsaid, thebalancing or reinforcing

feedback loop caalsobe usefulif the message igeared toward the benefits o

environmental actiofor those who are already participatiigince intuitive automatic behaviour

is borne out of past experiences it is possible to change it, but the behaviour needs to He targete

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 whi
and complex wrld. As a result, System 2 is not alwdigs0 or capable of processiradi the

necessary information instanty sufficiently. In a further demonstration of human cognitive

limitations, insights from neurscience show that the growth in information vokiand

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

still very similar to our ancestors who lived thousands of year$ ageed to rely on emotions,
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storytelling,shortcuts, and a primary concern for owrstnimmediate needs and closest
surroundinggMarshall, 2014)This kind of wiring makesomplex environmental problems with

longterm horizosand often invisible cumulative effect:
conscious awareness, let alone use it as a motiahtiopfor action.The problem ofvaste

managemenalls into this category since it is something most people wotheraot 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 infrastructureefuptorelyon ci ti zensé abi |
selfeducate 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 male some errors along the way igenerally consideredgood enougho.
However, each of those individuadrors adds up into thousands of contaminants at the facility,
resulting in loss ofime, revenue, and resourc@fie amount and diversity of taket materials

with everchangingguidelines, and mixed messaging from multiple sources, makes citizen self
education extremely difficult, resulting in intuitive emrone sortingFor examplecoffee cups,

milk and juice containers should go into the recyldalontainer bins because they have a plastic
lining inside, but people focus on the exterior paper cotivk)and feebf these items and
incorrectlyput therecyclablecups into the paper or compost biSgnilarly, dirty paper plates,

paper towelsand napkins should all go into the compost bin since they are not clearpapeet

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

paper bins since they are clearly made of paper.
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Thelessongrom thebehaviouwal economic®n limitations ofindividual thinking andrationality

in decisionmaking paing a limited role of individual agen¢gnd demonstrasghe need to

simplify and streamlin¢hinking and behaviourgdrocesses f we wi s hsuctessful peopl e
paticipationin sorting their recyclablest also tells us it is possible to harness the intuitive

habitual behaviour if we can kieltart people into action through convenience or other

incentives Looking across the disciplinary dividatese lessonstfivell with social and

environmental psychology, which alslaimsthat most human actions are not consciously

driven, but follow a path conditioned by the contextual environment and social (@iafdini,

1993; Nolan et al., 2008; Sussman & Gifford, 2014 pther words, when people see other like

minded individuals or groups participategro-environmental actions, they are more likely to

reciprocate.

In light of these insights, iorder toworkwit h  peopl ed s cdognition,andd i nt er es:
preference for defaults and statusquot her e has been a shifudls i n po
and communities towasdanaking better choicggdohn et al., 2011; Thaler & Sunstein, 2008)

Nudge or AArchitecture of Choiced awagwwes t hat
help steer them toward desirable patterns of beha(@otn et al., 2009; Loewenstein et al.,

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

utilizing different forms of framing and contex! augmentatioto change the default outcome

of peopl e ®hisstdhtegy has beenrfaaind to be very effective in many social policy

issues such as dealing with healthy eating, vobngan donation, financial savingss well as
recycling(John et al., 2011; Thaler & Sunstein, 2008)dges work very well when there are

simple pl&es 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 fesdiveplayedd.g.

healthy food placed so it appears Jirstudge influenced a heaih eating choicéy up to 25%

(John et al., 20095imilar changes can be done with many environmental choices where
defaults are wasteful or not necessary, such as changing the factory séttiogsehold

appliances (i.e, default setting for clothes washing in cold water), and providing convenient
recycling bins with more consistency in layout, design, and associated megEadfpgk

Verges, 2008)A recent study investigating convenience in hagnsity residential buildings

showed that by moving recycling and compost bins closerdgope e 6 s gJpSaniframrmilteen t s
suite doorboosted participation rates by 141 per ¢@nGiacomo et al., 2017 herefore
convenience and design of contexts can greatly motivate action, and requires thinking ahead of

time to design systems that will enable peopl

2.3 But Wait - Knowledgeand Feedback Matter!

Currently, much of thevaste diversioproceduresn Canada and abroaely on public

participation to corrett sortwaste at home and in publich&reforeknowledgeis a crucial
component of the recycling and cpasting behaviour as it affects contaminatiomithe
effectiveness of the collection prografdong 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, 20 anystudieshave
demonstrated that education andrease irknowledge camelpinfluence actions, and that
increases in knowledge correlate with sopneenvironmental behaviou(®amberg & Méser,
2007; Schwartz, 1992; Stern et al., 199 example, knowledge about recycling programs and

sorting guidelines has been associated wmitheased recyclin(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 consumptidgAllcott & Rogers, 2012; Nolan et al., 2008; Owens, 2000)
Providing inbrmation can be especially effective if people are already motivated to participate
and the lack of knowledgen how to do itcorrectly isthe key barrie(MckenzieMohr, 2000)

The roleof information as feedback has been especially useful in many behavioural studies on
water, energy ahwaste, whether by providing individual comparisbperformancever time

(De Young, 1989; Schultz et al., 1998) showingcomparisos with their neighbours

(Abrahamse & Steg, 2013; Cialdini, 2008Yhenfeedbaclkon individual perfomance is
personalized, frequent and givexcial comparison with otherfie more effective the

behavioural interventiofThomas & Sharp, 2013; Varotto & Spagnolli, 2017)

Feedback strategiesinalso becombined with personalommitments opledgesespecially
whenaimed atspecific goals or targets achievewithin aspecificperiod of time(Lutzenhiser et

al., 2009) Others have also pointed out how the power of informatimhfeedbackan be

enhanced based on how the information is presented (i.e. clarity, visual appeal), who delivers the
message (i.alothey havedrustworthiness expertiseor high social standing) and what medium

is used for delivery of messajee. a poster on a Bwersus viral meme ¥ideg). How

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

general knowledge through posters and flyeroidikely to lead to behaviouchange,

especially when the contextual factomtribute tanhibition of actionor a change in behaviaur

As such, there are instances witeéa necessarto communicate information and educate people

using visudly appealingand engaging methodlsut there are also opportunities when nudging
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and choice architecture are maretable to change defaulie the sustainable actions can take

place automatically.

2.4  Attitudes andNormative Influence of Other People

Research in psychology and sociology has shown that attitudes and calu@sluence

behaviour in specific circumstances, and that many people who engagesmvpommental
behaviour typically havbehawour-supporting attitude@Bamberg & Moser, 2007; Stern et al.,
1999) Similarly, peoplewho engage in prenvironmental actions hastronger altruistic (or
selftranscendent) valugStern et al., 1995)heinfluence of norms and peer pressure has been
shown as a powerful motivatfor proenvironmental behaviour, as people look for social proof
when constructing personal norrflicott & 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 asfiich can influence behavioudaving more positive
environmental attitudes, individually and collectively, can ntakenbers of the publimore

receptive to policy and innovation sustainability(Tibbs, 2011)

The interplay between the social and individual normslewel of agency has been
conceptualized differently by different theoridkar example, in moral noractivation theory
Schwartz presenfsersonal norms as originating from social interactions but arising from an

i ndividual 6s i nnatae cvhalr led gSchwana, d992Buikdingebh this e

approachvalue b&ef normtheory, devised by Sterat al. (1999)postulates that pro

7 Attitudes areoften defined as positive or negative feeling about some person, objeemn msue. Values are regard that
something is held to deserve the importance, worth, or usefulness of some®éligfs are clodg related to attitudes ad
refer to the information/ knowledgea 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), percéityetd abi

act, and personal norms with sense of obligatiactd-indings revealedvidence that each

variable in the chain can affect variables down the, kmith personal normsonnected to the
individual values and the moral mas (Stern, 200Q)The triggers to behaviour personal norms

can be initiated bgocial influences, ad anawareness afonsequenceand responsibilities.

When drawn atterdin to the norm it is internalized blye individuals as of their owand
appropriatedvithin their internalvalues, beliefs or attitudedsing the theory of planned
behaviour,environmental attitudes can be a predictor ofgmaironmental behaviour, ihe

constraints of th behaviour have been addressedth ashedifficulty and individual

behavioural controlKaiser et al., 1999)

Similarto the role of informationpositive environmentadttitudes alone are not enough to
motivate specifi@actions especially whetthe behaviour is difficult or costl{parnton et al.,

2011; Gifford, 2011; Kbbmuss & Agyeman, 2002; Stern, 200®alues and attitudes toward
pro-environmentalbehaviouralsohavea weak correlatiomwhen the psychological constts are
more general in natu(&ifford et al., 2011; Jackson, 2005&8pr example, people may support a
recycling policy, but they may not (always) participatejd@iso correctlydepending on

difficulty of the task and the requiredfort. There is also evidence thasitiveenvironmental
attitudes and values tend to be linked with-iowpactbehavious, whereas highmpact

behavious are primarily exiained by catextual factorand typically moralifficult to change
(Gifford, 2011; Stern et al., 199%imilarly, environmental values may not be relevant in

contexts where individualack perceived seléfficacy due tdeelings ofhelplessness
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(Whitmarsh, 2009; Wh orif anaadtian lsonfBcts @ith Ntkeer lifelggals @ 0 1 0 )
requires sefsacrifice(Steg & Vlek, 2009)Incidentally this is often the case fetions with the

biggest environmental impaauch as flying or eating meathich is why Sterret al.suggests

that the more important abaviouris in terms of its environmental impact, the less it depends

on the attitudinal variablg$tern, 200Q)The same sentiment can apply to information centered

campaigns.

It is alsoimportant to notehe plurality of vaues, meanings and motivations behing a

particular behavioumpeoplemayengage irpro-environmental behaviour (e.gycling to work or
taking public transit), foreasonsuch as paonal health or financial cosi&/hile some actions

might not beriggered bypro-environmentateasonsthe environmental factors may come into

play later,and act as aadditional motivation that serves to reinforce the behaviour already being
performed by the subje@Baterslebert al., 2002; Sussman, 2018jzen elaborated that in

order to find a high correlation between attitudes and behaviour one has to measure the attitude
toward a particular behaviguaindthen adddther predictorso the modesince manyehavious
contah automatic and habitual aspects rataunted for in earlier mode{éjzen, 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 loofBem, 1967; Sussman, 201%his is another argument that pro
environmental campaigns would be wise to focus on generating the behaviour,oektiadp

peopl ebs knowledge and attitudes.

31



2.5 Contextual and Infrastructural Influence

As has been suggested throughasotiotechnical and contextual factors atsopowerful
determinants oindividual behaviour and must lmnsideredvhen formulatindong-term
meaningful preenvironmental changgifford, 2011;Hargreaves, 2010; Jacks 2005
Rabinovich et al., 2012Research has shown that external conditions influeelcaviourboth
directly by defining available choices and their relative attractiveness, as well astindirec
through attitude formatio@ackson, 2005; Kollimuss & Agyeman, 2002; Stern, 2(8{)

making it possible for people to engage in behaviour because it is easy, convenient, socially
acceptable andersomlly rewarding can make preferences more attenuated and increase the
likelihood of behaviouchangeaking placgCrompton, 2010; Lucaet al., 2008; Steg & Vlek,
2009) Any successfubehaviour change intervention needsaasider the conditioning effects
of contextual (social and physicahvironments, andxamine how its componerdsape and

influencep e o pdctmris(dackson, 2005Whitmarsh et al., 2010)

The contextual components in any given situation wilyvahey can be more immediat.

the design/availability afecycling infrastructure in the buildingr 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 infrastr(eitgns

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 ovedsithe goal is to motivate behaviour.

A recycling study showethatwhen garbage chutes are present in a building about 9@8 of

b ui | dvastegsertto thelandfill, however, when the recycling bins were provided in every
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hallway,the divesionrate was increased to 6§®iGiacomoet al., 2017)Similarly, placing
recycling and compostinginscloser tothe suite doorsicreased theecycling and composting
rates by 141%DiGiacomo et al., 2017 onsistency in the order of sorting bins, signage, and
even the lid openings have been proven to make a diffeieramont of waste diverte¢Duffy

& Verges, 2008)Simply beingsituatedn a more sustainable LEED dgsed building can
influence people to participateorein waste diversion compared to a building that was not
designed with sustainability in mir{gVu 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 athe wastecontamination problertand the knowledge gapdue to the

complexity of the wholevaste managemesystem: the diverse number of takeout and

household materialssailable in the marketplace, the infrastructural discrepanoadisy

differences between communitjesd the market factors that all shape the affordability and
recyclability of various material§ here arecollection, signage and infrastructure discrepancies
regarding materials even within close communities, let adoness Canada coast to coast. For

example, UBC does not allow pizza boxesigid compostable utensiis the compost bins as

they dondét Dbreak ap ardtbutMetroVanoeuver doescalow themt i ng ma
since the materials are sent to an stdal composting facility. Paper bins on campus are blue

and container bins aschemgis yelow forpapand bluefbet r o6 s c o

container binsSimilarly, cutlery and takeut containersthat on 6t have a (erecycl i

8 UBC invested in their own composting machine in 2000.ifHressel composting faciliigf 2 OF 46 SR 4 | . / Qa
South Campuand is capable of pressing 5 tor of organic waste daili{fhe Building Operations are responsible
for pick up, drop off and cleaning of all green organic bins on campus.
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made of mxed plasticspppear recyclable bare notactuallyaccepted irthe local collection

systems

Given the | ack of consistency and overall com
people resort to decisiamaking shortcuts when asked to sort theaste. Inevitablypeoplecan

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 ylface on a daily basis, creates a cognitive overload

which causes a trad®f between the effort (doing things quickly) and judgmental accuracy
(doing things right). As Simon (1996) rightly
satisfactoryoptioon, i nst ead of an opt(Bimon 1996)aThigvidenceiit he n
stands irstark contrast to the economic assumptions of a rational apenchumansare

portrayed asational utilityymaximizing heroic decisiemakersWhen systems are coteg and

uncl ear, humans search f or ainsteadaftan gptimalonen gd or
(Simon, 1996)Expandingon this notiorfurther, some have proposed that instead oHbeo

Economicu®f rational choice theories, people are more tikeno Efficen®r cognitively

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

during festivds or outdoor events when people attempt to sort their waste: theyaapghe

bins, scan for amoment and then place all of their contents into one bin that mostly fits the
description. While this is may bebébcbebadeoad
(because it saves time), it createstaamnation in the waste streaigsd leads to cumulatively

(expensive) problemd$n other wordssuccessfuparticipationin the recycling programs depends

on many elem@ts coming togethefrom individualsandtheir cumulativeactiors, to municipal
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and regionapolicies,available materials and technologiaadevento generaleconomic factors
that makecertain processes anthterialspreferred angbrevalentand the whole enterprise

feasible

2.6 SocioCultural Approachesto Behaviour

While this dissertation did not specifically incorporate samitiural theory in any experimental
intervention, its philosophical spirit was present throughout the inarkder toexaminepro-

environmental behaviour changerh the sociecultural and technicdéns As mentionecearlier

in this chapterthereare significanepistemologicatlifferences between psychological and

sociological approaches to behaviour and chalRgeexample, the psychological apaches

mainly focus on the individddehaviour, knowledge attitudes, preferencesyotivatiors and

incentives. Tiecultural theoriesnsteadpoint toward the overarching culture, history and

structureghat enablehe reproduction athe practiceand their location ofite socialReckwitz,

2002; Shove et al., 2012hstead of behavioutheir focusiso pr act i ced whi ch i s
as a routinized type of behaviour which consists of several interconnected e)ehatrifen

include: i) bodily activities, iimental activities, iii) things and thaise, iv) background

knowledgeand knowhow, as well asr) motivation and emotio(Reckwitz, 2002)Founded on

the works ofGiddens and Bourdieu, the social practice theory hasvedals a response to the

structure agency dualism debate, incorporating both elements in the manifested practices
(GramHanssen, 2011) Gi ddensd® structuration theory poin
routines with the larger structures of institutions that organize and generate behaviour, meanings,
symbols and relationshigReckwitz,2002) Where thepsychological lens pkes the unit of

analysis onndividuals doing the actionthe social theorists suggastidyingthe practiceasa-
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whole (i.e. recycling, showering, car drivingjith its material and cultural elemntsri.e.
objects,meaningsand skill§ and how they come together to form lives of their ¢&hove,
2003a) While social psychologyncorporates thenteraction of psychological, social and
contextual factors, sax-cultural approaclfiocus onconnections between and across défe
elements and practices, including gystems of technologies, routines, marketssawial

expectations that take hold over what is considered norméSlifeve, 2003a)

Despite the many theoretical and methodolodid&rencesetween psychology and sociology

| believethere are points of connectitimt can be useful signposts for change strategles

mostobvious arghe agreemerbn limitations of rationalityand individual agency, and a

recognition of unconsciouayers of social organizatiqiReckwitz, 2002; Shove et al., 2012)
Behaviour al resear c h elfestyleb ang Ide geals glimatdly diiie at pe o p |
unsustainable behaviour and consumption (Jackson, 2005; Steg & Vlek, 2009). Similarly, social
theorists | ike Shove claim that peoplebds desi
convenience are the primyareasons for the unsustainable pract{&wsove & Pantzar, 2®).
However,psychology and sociologyisagree on iearch direction and activitiessyehologists

may advocate for education, social interaction and choice architechuiptoudgendividuals

boost their agency and actidn contrassocial practicedvocate mayusearange of methods

such asistorical data, interviewsnd case studide examineoractices at different scaldsow
theynestlewithin and around each otheomnming together or evolvingBoth socal practice

theories and sockanvirormentalpsychologyacknowledge the complexity of relationships,

elements and intaningling of micro and macro levels, which strengthen or weaké&onover

time as more people are recruited into the pracBoéng a step further however, akin to the
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compex systems thinking, social practice theory embraces unpredictability, complexity, and
emergent properties that canabdwaysbe anticipated orantrolled(Meadows, 2002; Shove &
Pantzar, 2005)This approachs alsoconsistent with living systems principles that highlight
different scales of interaction, intdependent relationships, ntinearity of behaviour, feedback

loops and emergent properties, just to name g@apra, 1996; Levin, 2005, 2014)

Sociocultural analysis of behaviour is very criticdlthe 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 setézhnical interfac€Jackson, 2005 For social practice

theorists, the choices and attitudes of individuadsnaore often secondary to tbecio-cultural

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

dependent and ecreative environment, where individualsaeena® carri er s and r e
of the practicdReckwitz, 2002; Shove et al., 201%Yith a longterm timescale, the focus is

often on the history avedime with bbservedpractiees, &6t he be
historically grounded and integrated systems of related institutions, and infrastructures

(Hargreaves, 2011)

An interesting methodf social practice theory the useof three keyelements (materials,

meanings and competence) that can also be found in meshpronmental behaviours, like

recycling. These ements camalso berepresented a§ infrastructure and materials (recycling

bins, their availaitity and physical featurefiouseholdnaterialsand their propertigsii)

knowl edge and skills (knowledge of wmancegdes

of effective sorting based on previous experience), and iii) meanings (social norms, personal
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attitudes, motivation to recycléjVhile the social practice examines these elements as
interconnected and how they evolve over time (giving rise tpréices), in this dissertation |
amusing themascontextual markerthatcanhelpus think through the problem of waste sorting,
by determininghe available choices, sociafluences and infrastructure, which normalize
behaviour over time and createutimes.Through this interdisciplinary inclination | am not
proposing a simplified integration of different behavadiand sociological approaches. Instead |
look for synergies across disciplines pointing out of possibilities for mutbaiheficial
collaborations in the futuréhe combined insightseem to point to the importancetbinking

and northinking components to human behaviduith unconscious paglaying a large rolg
socialinfluenceg(importance of others around us and what they aregyldechnology and
materialswe do things withenvironmental policiesand the meanings and motivations behind

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

2.7 Synthesis andResearchDirection

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

constructed and determined by the complex external system of social norms, technologies,
infrastructures and institutisrfCialdini, 2003; Jackson, 200Blolan et al., 2008}his thesis

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

and citizens, but they need help. Furthermore, since behaviour involves thinkingrand

thinking elementsve should studyhe microelement{ i ndi vi dual 6s cognitive
processes) asell asthe macroelementgsocial, tehnical and contextualyhich allinfluence

the individual. Whileeconomianodels of behaviour changenphasize thenportance of

individual agency, logic and rational utility maximization, worloghavioual econontis and
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other fields has demonstrated that many aspects of hioem@viourare inconsistent with tise
rationalactorassumptiongKahneman, 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 emtironme
on shaping individual behaviour (Stern, 19%inilarly, sociecultural theories point to the
overarching socktechnical regimes, historgnd culturevhich provide the context for the unit

of analysisTherefore, while people are at the center ofleavioural 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 towdw time

The next sectionsf this chapteunpackhow thesdliteratures have informed theehaviour
change queriemt hi s di s s e r,am infroducedtte researshectzaptarshto cdrhe
three researcbhaptersnvestigatethe following i) impactof passive and active feedbamk
contamination during an outdoagstival ii) teaching better sorting throughgamewith
immediate feedbacn errorsand iii) public sustainabilityeducation anéngagemenwith

activitiesin nature.

2.7.1 Design with Visual Prompts and Volunteer Assistance

An underserved area ofiasteresearch involves strategies that hrelguce 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 akslatarsoldHottle et al.,

2015; Martinho et al., 2017¢Contamination of bins andhproper 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 at., 1995). The everthanging diversity of takeut materials that range

from disposable, recyclable, biodegradable and compostable, adds to the confusion and sorting
errors, especially whegpeople have limited interest atiche to sort. It isalsonot un@mmon 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 tleemients are sent to the landfill.

Previous research therecycling domain has shown the importance of infrastructure
augmentatiorand conveniencfiGiacomo et al., 2017; Duffy & Verges, 2008; Sussman et al.,
2013; Wu et al., 2016pand the effectiveness of prompts and visual gigesignage or paonal
modelling of desired behavio(¥liller et al., 2014; Schultz et al., 1995; Sussman et al., 2013)
Salience of signage, bin colours and the lagmee s peci al |y i mportant in
attention while reducing cognitive strain. Whiaststudies 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 stuigs 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 stafeleasshbiccessfully tested

at Arizona State University sportiWegomevents
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Back BBQ(Preiss, 2015However,comparingheactive guidance witthe stanealoneprompts
has not yet been doné/orking withU B C €amnpus Sustainability office amlilding
Operations, testnewly designed birops (plastic inserts) made exclusively fzaste
management avens. They are placed inside the biasghave standard signageenciled
which remainsalwaysvisible, and removes the need to opnd close lidsihich can be an
inconvenience when trying to sort across multiple .bdkin top 3D intervention used theale
life items like cups and containers on top of the bin tops to give usersctaotgaboutwhich
items gointo which bin.I hypothesizedhat volunteertaffed bins wouldgerform the best and
containthe leasamount ofcontamination, since the problerof thinking and sorting would be
minimized with volunteers givingleardirectionto the userd. also hypothesized th#te bin bp
3D displaywould perform second bedbllowed by bin bp alone, and contr¢standard bin carts
only), because of the sual salience of redife materialsproviding quick cues for common
items like coffee cups and compostable contair@ampuspilot projectshave shownsome
usefulness of 3D displays compared to 2D signage in reducing bin contaminatitoodcourt

seting (Foster, 2016)but more empirical examination is lacking

2.7.2 Designing with Immediate Feedback

Lack of knowledgebout sorting i®ften cited as a key barrierjine o pdoréng@ ability and
accuracy(UBC Communications and Marketing, 2014; Varotto & Spagnolli, 20H@)vever,
providing relevant feedback and useful guidamwhen need isuch as at the time of sorting,
one of the key challengeBeople 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, pasperiences, and contextual environmg@gford,
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2011; Jackson, 2005; Schultz et al., 1995; Sussman et al., 201H#)this makes a formulation

of a single education strategy for all peophel contextslifficult to implement The most

comman approach is to providaformation on sortingules through signage, posters, and flyers.
This appoach is limited in several wayBirst, even when the information is present it may be
incomplete odifficult to comprehend. Second, waste disposal signagedkystandardized

even within the samaeijisdiction (Andrews et al., 2013), which can lead to confusion and
decrease user compliance (BBassat & Shinar, 2006). Third, with posters and signage the onus
is always on the individuals to take the time, read and make sense of the guiddiamgas
discussedpeople have limited intereand cognitive capacitiegse study and memorize the
information Additionally, trying to engage and educate pedipteugh signage the recycling

room just before they dispose of the wastgy be too late, espethiaif peoplehave presorted

or bagged the items sdvanceand now want to quickly drop them off and §&ople in mult

unit buildings are rarely giveany feedback about the accuracy of tkeitingbehaviour, and

evenif feedback is given, it is oftedelayed, and might only deal with one specific itengioe
generahistoric or social comparisoriPupré & Meineri, 2016Schultz et al., 1995Lack of

timely feedback when people &eento learn leads to persistent errors in recycbhefaviour

and beliefs about sorting. I't becomes I mpossi
recycling and sorting incoredly, orwhen we tackle contaminatiamitem by itembasis, instead

of adopting a more systematic approach, such as by waste stream type

The second research question of this thesis (addressed in Chaptyctisésl on examining
benefits ofimmediatefeedbackby providing correct answers to sorting errbm®ugh an online

game so that participants can learn amgbrove sorting accuracy comparedtite control
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condition that doesnotstagdart sighage delachiogkeettatingd onl y
practices through gamecanbe an effective way to buikhowledgef i | | i n the gaps
understandingf sorting rules, andorrectrecycling errors and biases. Decades of research in
cognitive psychology show that feedback facilitatesiie@y 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 weeklgdD& Fuqua, 1995 biweekly

(De Young et al., 1995), or mdnly feedback on the quantity of recyclable materials increases
recycling rates and the quantity of recyclable materials (Goldenhar & Connell, 1991; Dupre &
Meineri, 2016). However, these studies provided delayed feedback, where feedback was only
given at kast 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 (Cé&#aitlerson, 2001)In a

coll aborative effort to harness the power of
computer interfacg Ma st er 6 s antd uddsgmntonliesortihgugame with

feedback orommon recyclable and compostable materGiven 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 immediatélg test the game in the lab andne of

the largest student residences on campus, witlpathesighat immediate feedback would

correct sorting errors, amdsult inareduction of contaminatioim the game building;ompared

to the building that oyl had standard recycling signage as a feedback instrument
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2.7.3 Design with Education in Nature

The naturabnd builtenvironment plays a large role in shapb&haviour Many studies have
demonstratethatexposurdo nature has benefitg1 cognition, welbeng, 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 attitudescerrs, andbehavious (Dunlap et al., 2000;
Nisbet et al., 2009; Schultz et al., 2004), which are identified as sevefakey factors in pro
environmentabehaviourchanggGeng et al., 20155tern et al., 1995Previous research has

also shown that personal values, attitudes, and beliefs can determine the motivation to express
concerns about the environment and the adomf behavious that are in line witlthose values

and attitudes@rompton, 2010; Schultz et al., 1995). People who engage “arpimonmental
behaviourtypically have preenvironmental attitude@amberg & Moéser, 2007 and people

with strong presocial values or biospheric values (orientations irctvipeople assess their own
and othersd actions considering costs or bene
to engage in prenvironmentabehaviour(Schultz et al., 2007; Stern et al., 19%3posure to

nature also provides a range ofiet benefits, such as reducing fatigue and stress (Berg & Berg,
2007; Gidl6tGunnarsson & Ohrstrom, 2007), and enhancing memory and attention (Barton &
Pretty, 2010; Berman et al., 2008; Kaplan, 1995; Kaplan & Kaplan, 2011; Mackay et al., 2014;
Pretty, 20@; 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, 20P3).chologists, anthrofamists, and

ecologists have long maintained that human connection with nature (or lack thereof) is a large

determinant of peopl ééhavio@Bateson, 972 Rdes, 2002r | dvi ew
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Walker et al., 2004). In a culture where environmental probleave been brought on by a

growing disconection from the natural worl@uzuki & 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, lejealol 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
this dissertatiomxamines if sustainability education in natwieh handson activities can
influencep e o pKnaviedge environmental attitudes, and willingness to eragagpre
environmentabehaviour As discussed in earlier sections, increases in knowledge are associated
with pro-environmental actions (Hines et al.,1986; Schwartz,1992; 8texin1999), and trust in
the source of information and poignant storytelling using relatable examples, along with
engaging handen activities, can help engagement, comprehensaia retention of information
(MckenzieMohr, 2008) With over 3300 botanical institutions and public gardens around the
world receiving oer 300 million visitors per year (Dodd & Jones, 2010), theam isxciting
opportunity for gardens to4®nnect communities with the natural world and motivate
individual action toward a more sustainable future. To this @iapter Sevaluats the impat

of a naturebased educatioprogram on participandsustainability knowledge, attitudes, and
willingness to engage in 20 pemvironnentalbehavious, including wasteeduction Working

with the UBC Botanical Garden and the Society Promoting Envirotah€onservation, |

design and employ a survey instrument to compare the partidpagtsd-post visit responses,
andcompare them to regular garden visitors who did not receive the education tour. The

hypothesiss thatparticipants who attended theueation tour would show better environmental
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knowledge, higher environmental attitudes (i.e. connection with natureamvillingness to
engage in 20 sustainable actions compared to the control group which was did not receive the

educatiortour and ativities.
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Chapter 3: Toward Zero Waste Events: Reducing Contamination in Waste

Streams with Volunteer Assistance

3.1 Introduction

Theincreasing volume of solid waste in landfills contributeariprecedented levels of
environmentaproblems, such as watandisoil contamination via leaching of heavy metals, and
air pollution via emission of greenhouse gastismes, 202; Statistics Canada, 2013;
Tammemagi, 1999)siven that the amount of global waste has increasetbtémver 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 conagting which can helmitigate the negativenpactsof
waste and recover useful materimsm landfills (Hershkowitz, 1998Hoornweg et al., 2033
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 lanBol example in Canada, the
overall diversion ratef household waste (e.gnixed paper, plastics, glass, metal, and organic
matter)is estimated to be around%@3Dewis & Wesenbeeck, 2016; Statistics Canada, 2014)
while the rate for the U.S. household is around 3&#vironmental Protection Agency, 2013)
This rate is well below thEuropean average, and thetential75-90% diversion rate of

household waste which could be recovered and recyGlegef et al., 2017)

Public festivals and events generateesaiendous 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 kitcha waste and packaging wagkéartinho 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 stronglyemvitemmental 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 intentionsl éne 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 infrast{iMzekes et al., 2015)

3.2 Motivating Waste Sorting

Like manysustainability problemghewaste diversion challenge is located at the intersection of
behavioural and infrastructural domai Low waste diversion rates can be causealrbix of
commonbarriers such as: i) lack of infrastructuire;ludingavailability and design of sorting

bins; ii) lack of environmental attitudes or social norms regarding recycling; iii) policy support
suchas composting bylaws and refunding deposits for cans and bottles; iv) lack of knowledge
how to properly sort was{&chultz et al., 1995rhomas & Shar, 2013) Recent studies have
demonstrated that distance to bins, convenience and infrastructure design are crucial in
motivating recycling participatio(DiGiacomo et al., 2017; Duffy & Verges, 2008; Wu et al.,

2016) However, ontamination of bins iacritical component of waste diversioiwhen
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materials are not properly sorted and the recycling bins get too contam syateoldl 0%

depending on the streayall the contents are sent to the landééincelling out the positive

intent of participation. This is especially problematic fadavaste as organic items carry extra
emissions when sent to landfill where they release methaster anaerobic conditiofStatistics
Canada, 2013)rherefore, as we motivate peopletuticipate 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 linasof the key issues

of thesorting challege. This problem has most often been addressed by providing the missing
information in written form through use of posters and sigriBgere & Meineri, 2016;

McKenzieMohr, 2000)

More recently, studies have attempted to reduce waste contamination and motivate waste
diversion with additional visual prompts such as 3D disp{gster, 2016andmodeling of the
desired behaviou(Sussman et al., 2013 nothersuccessful 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 (Ho#t al., 2015)In thisstudy, the authors

examined the impact of volunteer staffed bins on contamination rdtesvatrsity baseball

games. The first game served as a baseline, the second game used staffed bins, and the third
game had nostaffed binsThe 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
a., 2015). This study presented quantitatexedence that volunteer staff helped reduce waste

contamination at public events.
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3.3 Current Study

An underserved area oesearch involves waste generation and contamination oabevents

and festivals, white cancreate a significant amount of tragtontamination in the waste streams
can be a serious isshecause whearganicor recycling bins areontaminated, all the materials

in the entire bin will be dumped into the garbage bin (i.e., landfills) bydiatstaff unless

they have a way to fgort the waste after the fa@Vhile previous studies have separately
examined the impadf volunteer asstance (Hottle et al., 2015ignage modellingand

prompts (Duffy and Verges, 2008; Sussman et al., 2@li8)currently known which method is

the mostffective 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 onontamination in the same context, in order to identify the best practice
for waste management at public eveitsing socanprovidepractical and theoreticalvidence

in support of identifying and implementing best practices of recycling and compasting

festivals and eventSpecifically,a randomized control trialasconductedo examinampact of
volunteer staff assistance, bin tops displays, and sample 3D items with bin tops on the level of
contaminatiorat a public eventegarding all four wastereams:organics, recyclable ctainers,
paper, and garbag&he 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 typicalfestivals,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, pagastiand

waste. Workingvith the Campus Sustainability Office and UBC Building Operatitimesgoal

was to teshewly designed bitops that sit on top of the bin carts with and withoeatlife 3D

items on top of the inserts, and comparing the effectiveness with the tvainaeteer stafinda
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control conditionconsisting ofregular bin carts ée Figure 2)The interventions differ in the

level of convenience they afford, and the effort required by participants to correcthylsictt

has theoretical implications for pemvironmental researekgarding convenience and effort
people are able avilling to exert Thehypothesis was thaéhe Volunteer Staffed bins would

have the least contamination, since the problems of thinking and sorting would be minimized
with volunteergiving direction what to do.adlsohypothesized that the Bin Top 3D pliay

would be a seconbest condition, followed by Bin Top alone atte control. The reason |
anticipated the Bin Top 3D display to do leetthan Bin Top alone is due to earliesearcton
campusgndicating usefulness of 3D displaffsoster, 2016as 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 Festivaldpwdar 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 38(00pounds 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, anrdubkentainers. According to

UBC sorting guilelines, food scraps, napkins, and compostabledakeontainers 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 bityrafodus), 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
11lam to 5pm on a Saturday and from 1ampm on a Sunday (October 17 to 18, 2015). While
the festival takes place throughout the whole Botanical Garden (Figuhe Intervention was
focused at two main locations where food and beverages were sold: entrance to the garden

(location A) and man festival lawn (location B).

. UBC Botanical Garden

LEGEND

@ vouarewere  [ERE wAsHROOMS

) PLANTED AREAS TRANSIT

LAWN B ParkiNG

. BRIDGE Q" EDUCATION POD.

1l STAIRS MAJOR PATHS
BUILDINGS MINOR PATHS

W SERVICEGATE  —e  GREENHEART TREEWALK

Figurel. 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 catitions in the experiment (Figure 2):Volunteer Staffed station, ii) Bin Top
with 3D display (BT3D), iii) Bin Top (BT) alone, and iv) Control (just the caitsjhe

Volunteer Staffedondition,bins are set up like in the control condition but hmaamed

volunteers besidthemto help peopl¢heir waste at the time of disposé@he volunteers verbally

instructed people which item should go to which Bometimes holding the bins open, but
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people had to sort the waste themselves. A total of 39 \ed@tmtvere recruited to serve in this
experimentia 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 daf/the festival.The second interventiddin Top 3D Display

(BT3D), usedplastic insertgbin tops)that go inside the bins, amtludereal physical examples

of items that should go into each bin. The third conditionBiaslop (BT)display aloneBin

tops are plastic bin additions designed by UBC Campus Sustainability and Building Operations
that slide into the carts so the bins remain alwaysaeapdon s er s dondét have to
Bin topsalsohave standard 2D signage imprinted on them whictanes visible facing the

users The fourth and final condition was t@®ntrol, which is the standard bin set ap

recycling cartas they usually appear for everif¢aste services bring the recycliagd
compostingSchaefer bins and they are placed nesgarbagebins The main problem with
standalone 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 Iger see the signage instructions and elwargake place. Ibusy or

transient environments like events, people are often in a hurry to dispose of waste namick are
likely to take shortcuts to decisignaking. It is not uncommon for people to simplildar 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-alame bins can get
contaminated quickly and continue to generate ses@ntamination of materials as users cope

with incomplete information around them while trying to sort wdsteach condition, there

were four bins representing four waste streams: organics (food scraps), recyclable containers,

paper, and garbage. Theganics, recyclable containers, and paper bins were Schaefer bins
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(22x24x40 inches), and the garbage bin was a smaller round bin covered \aitk gavbage
bag. The garbage bin did not have a lid, whereas other bins had lids. This was true in every
condtion in theexperiment, so any difference between conditions could not be attributed to this

factor.

Tablel. Number of bins in each conditiona@cross eactvaste stream

Organics Recyclable Paper Garbage
Containers
Volunteer saffed 10 5 4 5
BT3D 9 5 4 6
BT 3 3 3 3
Control 5 5 6 6
Total 27 18 17 20

Bin Tops

Control (bins only)

Figure2. 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 atdcation A (garden entrance) were sethg samavay asfour 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 fedmmthin 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 fa# bin to a holding area at the garden. At the end of
each day| gathered theesearch 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 thecontents inside the bin in kilograms (kg), by subtracting the weight of an empty bin
(12kg) from the total weight. After weighing each birg used gloves to dump all the items out

of the bin, inspected all items, and counted the number of items thattdiglong 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 congdsstooxes 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 contaant. 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
wase stream. The number of bins per waste stream per condition was unequal because of the

different generation rates in the four waste stre@usng the contamination count, the Résd
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myselfput the contaminants into the appropriate bins, therelyoataninating therecycling

and compost bingost hocand 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, ardge), a twavay betweersubjects

analysis of variance (ANOVAJas used to examine the effectsraérventions on

contamination and weight of the biiXoing so allowedo examine whether there was a
significant difference among the four conditiptiee waste streams, and whether there was a
significant interaction between conditions and waste streBinesaverage number of
contaminants per bin is presented in Figuré® ANOVA analysis of the bin contamination
showed there was a main effect of bindition [F(3,66)=14.21p<.001,dy?=.39 but not of the
waste stream typé-(3,66)=0.78p=.50,d,?=.03], and no significant interaction between bin type
and waste streanir(9,66)=1.38p=.21,dp?>=.15]. This means that bin intervention set up had a
significant effect on the amounf contaminationbut the type of waste stream (organaper

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 whaatigting effect on caamination, and we can
trust the main effect of bin sep aloneonthe contaminationTo examine which conditions were
different, | conducted pos$tocT u k e y 6 s s,MWRiddshawedsatsignificant difference
betweernvolunteerstaffed and BTconditions(p<.001),volunteerstaffed and BT3@onditions
(p<.001),and volunteestaffed and contratonditions(p<.001).These results demonstrate that
the volunteer staffed condition had the lowest level of contamination among all conditions.

Specifically,volunteerstaff helped reduce contamination by 96.1% compared to other conditions
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on averagén the organics bin, 96.9% in the recyclable containers bin, 97.0% in the paper bin,
and 84.9% in the garbage bMost of the contaminants were items that should have tgone

other recycling or composting streams. For example, the key contaminants in the paper bin were
used napkins ancbmpostable containers (with amithout food scraps) which should have

gone to the organics bin. The key contaminants in the organicebinceffee cups which

should have gone to thecyelable containers bin. Biggestntaminants in the recyclable

containers bin were compostable contairfetith and without foodjvhich should have gone to

the organics bin. The key contaminants in the ggtian were food scraps, compostable

containers, and used napkins.

60 -
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ORGANICS RECYCLABLE CONTAINERS PAPER GARBAGE

Figure3. Average number of contaminants per bin per waste stream (organics, recyclable
containers, paper and garbage) across interventions: Volunteer Staff@apB3D Display, Bin
Top, and Control. Error bars reflect +1 SEM
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To examine the impact dfieinterventions on the volume of the materidlalsomeasuredhe

total net weight (kg) of materials in each bin including contaminants (Figure 4). The ANOVA
showed that there was no main effect of conditigf(8,66)=0.42p=.73,dx?=.01], a maineffect

of waste streas{F(3,66)=5.84p=.001,dy?=.20], butno significant interaction between
conditionsand waste streasfF(9,66)=0.37 p=.94,d:?=.04]. This showghat 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 108kygdinics, 37kg of recyclable containers, 35kg of
paper, and 51kg of garbage. Additional K e y 6 s H& ERsophinsveight(in kg) showed

a significant difference between the organics and recycling contapye®94), organics and
paper p=.008), andorganics and garbagp=.04). The results indicate that the compost bins
were the most highly used waste stream at the fesfitiéd is not too surprisingsthis was a

food related event ammbmpostable materials (such as food sceaqusapple leftovejsveigh

more tharempty drinkcontainers or paper products.
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Figure4. Average Kilogram of material per bin per waste stream (organics, recyclable
containers, paper and garbage) across interventions: Volunteer Staffed, Bin Digp&y, Bin
Top, and Control. Error bars reflect +1 SEM.
Since | had the weight of materials and the contamination count per bin, another avesdysis
conducted to calculatbe number of contaminants per kilogréiaigure 5) The ANOVA
showeda main eféct of conditiongF(3,66)=9.47 p<.001,dy,?=.30], a main effect ofvaste
streans [F(3,66)=3.63p=.01, d,?=.35], butno significant interaction betwee@onditionsand
waste streas|F(9,66)=.94 p=.49 d,?=.12]. PosthocT u k e y 6 s ssh&wved aigaificant
difference betweewnolunteerstaffedand BT3Dconditions(p<.008),and between volunteer
staffed and control conditior{p<.001),and close to marginal difference between volunteer
staffed andBBT conditions(p=.11). These results confirm that the volunteer staffed condition had
the lowest lgel of contamination among all conditions. Examining differences betatesgams,
Tukey6s HS Da sigafieant diffeneace betiveen paper and organics pin6X), and

a marginal difference between recyclable containers and papepbif8)(
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Figure5. 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 (B;Tand control. Error bars reflect 1 SEM.

3.6 General Discussion

The goal of this first waststudy was to examine the impact of three different interventions on
contamination in waste streams at a public event, in order to identify the best practicastéor w
management at events. Specifically, a randomized controh@mkconductedt the Apple

Festival at UBGexaminingthe impact ofour conditionsvolunteerstaff assistance, bin tops,
sample 3D items with bin topand a control (standard bin cartglasignage on themlyself

and research assistamgasured weight of bins and counteditamination irffour waste
streamsorganicg food scrapsrecyclable containers, paper, and garbage bimsresults

showed that volunteer staff significantly redd@®ntamination in all waste streams, compared
to the other intervention§ince most waste management systems requiredrahsorting

which relies on individuals to sort waste at the bins, using volunteers offers a teaching

6C



opportunity to give feedbadk people on how to sorhccording 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 garbagaubtodial staff. B reducing
confamination in the bin, volunteer staff can prevent the bin from going to the garbage stream,

thus diverting waste from landfiind helping events reach zero waste goals

Unlike the volunteestaffed condition,ltere was naignificant effect of the birops or the use

of bin tops with3D 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 wenéddeto 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 thatith the topcondition the bin lid remainealways open, whereas
people had to lifthe 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, andrpwaste 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 nopmnsive 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
UBCb6s sortinghguiedeoelrienstis)] domdltowed Metro
example, pizza boxes and compostalgil cutleryare accepted ithe compost bis of Metro

Vancouver, but these itemeged to go ithe garbage bin at UBGampushecause UBC
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composts their own oagnic materials and the facilibannot 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 theamtashinated

streams, withmanywge st s i ncor r e cltil lprediictamtoothve ipaper biris,pvaen e r
they should go into the compost or container streams. For example, napdkiogffee cupare
technicallymade of papesopeopleinstinctively put hem into paper or compost bins. However,
thesignage on thbins (Appendix A2)is clearlyshowing napkins go to compostffee cupgo
container binsandonly clean sheet paper allowed ip@per binsHowever, a mix of factors

like general confusionatk ofinterest or knowledge causgsopleto relyon their intuition and
shortcuts to make decisions that are not opt{fkahneman & Tversky, 2008Bimon, 1996)In
addition to active guidance and better signage, anptismible way to help minimize bin
contamination is to remove a wasteeam that is undartilized, or has severe contamination

the case of foodelated events this maftenbethe paper streatin. Unless an event will

generate a significant amount of clean paper waste, paper bins nisymesded as theget

easily contaminated with foesbiledpapermroducts such as napk, pizza platesand boxes
sandwich wrappergompostable containers and coffee qupsichideally go into otheistreams
(compostgcontaineror garbage This of course does not guarantee that contamination will be
eliminatedsince a person who wouléwe 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 O6think6é with c¢ o THisthypothesisghould hem ¢

be furthertested empiricallyFurthermore, since provision of recycling and compost bins can be
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costly for event organizers, not includiagvaste stream thatm®t needed (such as paper kans

food and drink related eveftsould help reduce costs of waste mamagnt.

While the finding that volunteer staffed binad 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 matemaly from the landfill,

the event organizers would be wise to have trained staff direct and help people participate
correctly in the preenvironmental behaviour we want them to Hdt. is not possible to arrange
sorting assistance at front end (as peaise bins), baecknd 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 ofé&oatsorting guidance
orgarnzers also miss out on an engagement opportunity to interact with people, teach right
sorting practices and signal social norfsurprise finding fronthedata is how poorly the bin
top 3D display performed compared to just signagpedhypothesized tt 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. Wever, 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 ofpassivecommuncative material to educate and guide more accurate soatmby (
similar pro-environmental behaviourjvhichmatchthe behavioural economics and other

literature critical of information provision campaigrsvered in Chapter 2.
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Among manyotherobstacleshigh @sts of recycling bins cafe an institutional barrier to
running zerewaste eventdased 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 contaimedpaper bin is $®ach but each garbage lsirare
completelyfree. From Table 1, calculated that the organics bins cost $810, the recyclable
containers bins cost $90, the paper bins $85, and the garlagmbt $0. The greater costs of
the organics and recycling bins present a financial barrier for the event orgespizerg to do
the right thing and recycle and compost their wasieis, to increase waste diversamd zero
waste endeavoyshe cost sticture of the bins should be reversed, such that the garbage bins
should be the most expensivd.the same time, at UB@e maintenancand provisiorof
organics bins includes trarmp to the orsite facility and theicleaning 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 throughbaetday, and how convenient the bins were to

access. This variability may have contributed to the large errer®acond,f o n 6t know t he
longevity of the effect because we did not track participants after they left the festival. Third, the

null effecs 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 thensysi that the former

task may be made easi€&inally, the current study did not find direct evidence that volunteer
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staff increased waste diversion from landfill since the weight of thediminsot change. This

raisedimits of volunteer guidance arero-waste goals

3.7 Recommendationdor Waste Management at Events and €éstivals

Resultsof this studyshowed thapassive methods of educatilike 2D signage an8D prompts

were not as effectiven reduction of contaminatiomshavingvolunteer staffed stathsgive

feedback on what goes whefdereforewaste contamination durirfgstivals or publievents

can be severe if not properly addressed and actively managed with help of volUiisestsidy
alsodemonstrates difficulty of devising clear and efifex visual cues and prompts, and
inefficiency of passive methods of education and feedback, given the diversity-ofitake
materialsavailable in the marketplaeen d peopl eds inability to pars
quickly and effectivelyP e o p attenfion 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 festivalelunteers are already a key component of many events
and festivals. Training them to providetwe guidance can ensure useful recycling and
composting materials are diverted away from the landfill vanite providingopportunities for

education, interaction and social modelling of desired behaviour

In addition to the behaviouralomponentsyhi ch depend on peopleds cog
ability and interestsanother crucial component tbfe zerewaste endeavor are infrastructure and
materials While this study did not explicitly test material and infrastuugk componentsts

influence was observed throughout the projedtastructure refers to type of bins available

(recycling, composting and garbage) as well as their placeswait as beinglose to where
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people need therfmext to food trucks or seagrareas)easily visiblewith clear signage and
consistencyn layout.After ensuring a propeecycling infrastructurés in place food and drink
materialsshouldbe examined to ensure all materigitevidedor sold to the publican be
recycled or compgted.Event organizersught towork with vendorsaahead of timeéo simplify
and standardize tak®ut materials given out, and ensure they are acceptable in the local
recycling or composting systei®ne way this process can be simplified is to communicate
ahead of time what local systems can and cannot recycle and compost, and Yeveoad
follow the same guideliness much as possibl®ne suggestioprovided by the UBGGenior
Planning and Sustainability EngineBud Fraseris thatanything that touas food should be
compostable, and anything you drink fréonberecyclable(Bud Fraserpersonal

communication2019.

1 Recruit volunteers at events to help people sort and reduce contamination.

1 Work with vendors ahead of time to ensure materials peovade standardized,
consistent, and can be recycled or composted in local systems.

1 Ensure sufficient numbers of composting and recycling bins at the event.

1 Reduce financial barriers of composting and recycling by reducing the costs of bins.

1 Communicate ahpromote 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 cabettercontrol what type of waste is generated ib@ and ensure that most of it is

diverted from landfills. Policymakers, food and beverage manutast and recycling
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companies need mwontinue to work together implement a closetbop waste management
system where all takeut materials are recycliband more intuitive for consumers, while

making theinfrastructure more affordable for organizers.
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Chapter 4: Beyond Posters: Using a Wyital Sorting Game Feedbackto

Improve Recycling and Composting Acuracy

4.1 Introduction

Among themanyenvironmentaproblems famg humanity(Secretariat of the Convention on
Biological Diversity, 2014)the volume ofolid waste has reached alarming levidle amount

of waste has increased tfid over the past centuground the glohewith the current amount
expected to doubley 2025 (Hoornweg et al., 2013j). Canada, residential waste has increased
by 27%from 2002to 2012, andn averageach Canadiacurrentlythrows outabout700kg of
wasteevery yealStatistics Canada, 2014i.the U.S., solid waste generation per tapias
increased by 64% from 1960 to 2013, amdaverageach American currently throws out about
800kg of waste each year (Environmental Protection Agency, ZDi8&iiramatic increasef
globalsolid waste is especiallyorrisomesince dumping and bumgj of garbage contribute

directly to waterair, and soil pollutiofUNEP, 2015)Global plastics production has increased

by fourfold over the past 50 years, and is expected to double again in the next 20eréds
Economic Forum, 2016 ausing significant issues for marine and terrestrial ecosy¢teeysr

et al., 2017)The accumulation afiaste in landfills not only has deleterious effects on human
health ad ecosystems (Hossain et al., 2011; Schlossberg, 2017), but also contributes to global
warming Humes, 2013; Tammemagi, 1999pecifically, organic wasteccouns for 33% of

landfill materiak andreleasesnethaneduringanaerobic decoposition, a gas thas 25 times
more potent than carbon dioxide in terms of

atmosphereltergovernmentaPanel on Climate Change, 20@tatistics Canada, 20113
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Given the urgency of waste problems, many municipalities in trlel\lwaveset up recycling

and composting policig® increase waste diversifmom landfills. For example, Mac ouv er 0 s
Greenest City Action l&n has set the wastieversion target to 80% by 202@ith a 50%

reduction of solid waste going to incineratianandfill 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, theerall recyclingn North Americas about 35% which

is quitelow compared to European nat(Environmental Protection Agency, 2013; Statistics
Canada, 2014)t is estimated thatfdhe 8.3 billion metric tons of virgin plastisroduced to

date, only 9% has beeeacycled, 12% incineratednd 79% accumulating landfills and oceans

(Geyer et al., 201dambeck et al., 2015

There are many reasons for the low recycling rate, including a laskadtructire (e.g., placing
recycling and composting bins), policy backing (e.g., setting up bylaws discouraging food waste
in garbage bins), po@nvironmental attitudes and social norimsalack of knowledge about

what goes into which birSchultz et al., 1995fhomas & Sharp, 2013Recent studies in

behavioual science have examinsttategies to motivate recyclitghavour, demonstrating the
effectivenes®f infrastructure, desigmnd convenience (DiGiacomo et al., 2017; Duffy &

Verges, 2008; Wu et al., 2016), personal environmental values and social Gmaltdmi2003;
Cialdini et al., 1990Crociata et al., 2015;cBultz et al., 1995), as well as the role of information
and feedback (De Young, 1989; Dupré & Meineri, 2Gfh6nprovingrecycling and composting
rates While the past approaches have increased participation rates in recycling and composting,
it is currently unclear what strategy mosteffective 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 necessaréymtpsatheccuracyof
sorting actiongWu et al., 2016)Contamination in waste streams istbos terms of thdime

and labour required toorrectlyre-sort items at a centralized sorting facility or at the fuipk
truck (Bohmet al.,2010).To inform people about how to sort, the traditional and the most
common approach is to use signage, pestnd 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 2048, which can
lead to confuen and decrease user compliance 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 remembeewisalvire sorted
incorrectly. These problems ceasult in persistent errors in recyclibghaviourand beliefs

about how to sort.

To overcome these problems, providing immediate feedback during sorting can be an effective

way to build knowledge andfilni t he gaps in peoplebds understan
Decades of research in cognitive psychology show that feedback facilitates learning and

improves task performance by correcting errors (e.g., Anderson et al. Bifilét 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 materiailscreases recycling rates and the quantity of retyelmaterials

(Goldenhar & Connell1991;Dupré & Meineri, 201% 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 ggioatof course materials (Dihoét
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al., 2003), facilitate word learning (Pashler et al., 2005), and promote efficient leaComgit
& Anderson, 2001 Given the effectiveness of immediate feedback on learamgnexplored
guestionaddressed in thistudyis whetheimmediate feedback facilitates the acquisition of
recycling and composting knowledge, and improves sorting accuracy by correcting recycling

errors immediately.

To incorporate immediate feedback in sortoepaviouy o ne a p pyracmettfdgoding t o 6
experienceria a computer interfac@he proliferation ofInformation and Communication

Technologies (ICTs) have a widanging array of applications in the field of sustainable

development, such angaging communities in climate charsgenariogRobinson et al., 2011)

or bridging the collaborative divide with a technological solutionsfyoZelenika & Pearce,

2012) Similarly, thefun and engaginglementsof a mes, have | ed t@,m a ri se
sustainability developmeily adding gamdike elements€.g.,scoring, rules, and competition)

to various activitiesFor example,tadies have shown that digital tools and gamification can be

an effective way to engageopleand stimulate learningjncegamesncreaseth@ | ay er 6 s
motivation and attention (Connolly et al., 2012; de Freitas, 2006; Mitchell & <awilh,

2004).Gamet echnol ogy has been successfully used to
mathematics (Shin et al., 2012), geography (Tuzln et al., 2009), sustainable consumption (Huber

& Hilty, 2015), and energy related attitudes and behaviours (Knol & DeViid4,)2

4.2 Current Study
With a goal tadevelop an effectiveeachingtool to improve sorting accuraandreduce

contamination in recycling streamthe current studgims to examine the impact of a sorting
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gamewith immediate feedback oreaycling and compdsg decisionsGiven the effectiveness

of immediate feedback on learning, an unexplored question is whether immediate feedback
facilitates the acquisition of recycling and composting kieolgeand improves sorting accuracy

by correcting recycling errorsmimediately As such this study addresses the second research
guestion of this dissertation with practical and theoretical implicatidosking with the

University of British ColumbigUBC) Campus Sustainability offe,andgp sy ch ol ogy Mast
student (\a Luo), | developedand tested a digital sorting game based oftJtB€ sorting

guidelines. We first identifiethe mostproblematic itemshat cause confusion and

contamination across the four waste strefiist study). Targeting these items in particulae
designedhesorting game where participants manually sorted items into four bins (food scraps,
recyclable containey paper, and garbage) wdamputer interface, and receivemediate

feedback on their performandearticipants sorted the items wa 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 theontol condition. After the lab testsrblled out thegame in stdent
residences on campus ifield study and examined whether the game influenced actual sorting

behaviourunder real world condition&Experiment 3)

4.3 Pilot Study

Thegoalof thegamewasto build knowledgeandfill in thegapsin p e o pundeitanding
aboutsortingrules.To understandhe gaps,| first neededo know whatarethe problematic
itemsandwhich sortingmistakesoccured mostoften In this pilot, wetestedp e o pdxistidgs

knowledgeaboutsortingwithout giving themfeedbackUndergraduatstudent§rom UBC
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campusnererecruitedto sort80 commontake-out andhouseholdtemsinto four bins (food
scrapsrecyclablecontaines, paper,andgarbagég andhelpusidentify itemswith thelowest

accuracypasedn UBC sortingguidelines.

4.3.1 Participants

Fifty undergraduatstudentg30 female;meanage=20.1years,SD=1.9 from UBC participated
for acoursecredit. Participantsn all experimentseportednormalor correcteeto-normalvision
andprovidedinformedconsentAll experimentsreportedwereapprovedy the UBC
Behavioual ResearcliethicsBoard.

4.3.2 Apparatus

Participantsn this pilot studyandExperimentl wereseated0cm from a computemmonitor
(refreshrate=60Hz) Stimuli werepresentedisingMATLAB (Mathworks)andPsychophysics

Toolbox (http://psychtoolbox.org).

4.3.3 Stimuli

Thestimuli consistedf 80 imagesof items,20in eachof the four bins:food scrapge.g.,an
applecore),recyclablecontainer(e.g.,apopcarn), paper(e.g, A4 paper)andgarbagde.g.,a
plasticbag).Theitemimagesarelistedin AppendixA.1l. Eachimage(subtendingdl0.3°of visual
angle)waspresentedt thelower centerof the screeragainsta white backgroundFourbin
signagepostergeachsubtendindl0.7°) designedy the UBC CampusandCommunity
Planning representethe four wastestreamdound on the UBC campugseeAppendixA.2). The
signageconsistedf organicsfood scrapgR/G/B values green=32/138/56)ecyclable

container(grey=101/101/101paper(blue=32/86/147)andgarbagegblack=19/19/19)They
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werepresentedrom left to right onthetop of the computerscreenseeFig. 6a). Theorderof the

four binsfollowed the standardizedin positionsat eachwastestationon UBC campus.

4.3.4 Procedure

Thepilot studyconsistedf 80trials. In eachtrial, oneitem appearean the screenand
participantsvereinstructedo sorttheiteminto oneof thefour bins,asif theywereto throw
awaytheitem at a wastestationon campusParticipantsortedtheitem by pressinghei 36 5 0 ,
A 7 or i 9keyonthekeyboardfor food scrapsrecyclablecontainerpaper,or garbagebin,
respectivelylf theydid notrespondtheitem remainedon the screeruntil responseTheinter-
trial intervalwas500ms.The orderof thetrials wasrandomizedTherewasno feedbackgiven
duringthesortingtask,andtheir total accuracyscorewaspresentedt the endof study.Each
participantfirst receivedeighttrials for practicebeforestartingthe sortingtask,andreceved
feedbackor eachpracticetrial. Theitemsfrom the practicetrials wereexcludedfrom the
subsequengxperiment®r analysesA debriefingsessiorwasconductedafterthe studyto

clarify the purposeof the studyandto answerany questionghe participantshadaboutthe study.

4.3.5 Results

Accuracyof eachitem wasanalyzedasedn UBC compostingandrecyclingguidelines.The
full list of meanaccuracyfor eachitemin eachbin is presentedn AppendixA.1. Overall,the
garbagéin hadthelowestaccuray (53.7%),followed by thefood scrapsin (72.1%),the
recyclablecontainersin (79.9%),andthe paperbin (86.0%).The 10 itemswith thelowest
accuracyin eachbin wereconsideredsthe mostproblematiatems.For examplejn food scraps

themostproblematicitemswerenapkins papertowelsandpizzaboxes for containers
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aluminiumtrays,pringlestubesandaerosokans,andin paperstreameggcartons paperbags
androlls. In thegarbagebin, participantriticized four items:styrofoambowl, black plastic
tray, muffin wrapsandstyrofoamtray asambiguousandhardto recognizesowe choseto use
thenextfour itemswith alow accuracystraw,hangerzip lock bag,andbubblewrap. The40
itemswereselectedasstimuli in the sortinggamein subsegentexperimentsThesetemswere
alsoverified by the UBC CampusSustainabilityOffice ascommoncontaminant$n the waste

streamsn campus.

4.4 Experiment 1

After thefeedbackon the mostcommoncontaminantsiExperimentl aimedto examinehow the
immediak feedbackon sortingaccuracyaftertrial eachinfluencedthe sortingperformancen the
lab.

4.4.1 Participants and Stimuli

A newgroupof 100undergraduatstudentg89 female,meanage=20.5/ears,SD=2.9) from
UBC participatedn theexperimenfor coursecredit. Fromthe pilot study,the40 itemswith the
lowestaccuracywereusedasstimuli, with tenitemimagesin eachbin. To testthe effectof
learning,we alsocreateda secondsetof imagesof the same40 items,but eachitem was

representedly a differentimage.Thetwo setsof imagesarelistedin AppendixA.3 andA.4.

4.4.2 Procedure
Thereweretwo conditionsin the experimentalearningconditionanda controlconditionwith
50 participantan each.In thelearningcondition,participantscompletedwo blocksof trials with

40trialsin each.In thefirst block, theysortedeachiteminto oneof thefour bins, justasin pilot
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study(Fig.6a), exceptow theyreceivedmmediatefeedbackaftereachtrial, which informed
themwhethertheysortedtheitem into the correctbin (Fig.ab). The feedbackappearedelowthe

item after participantgresseda keyto sort. For correcttrials, the feedbackwassimply

A C o r rbattotincdrecttrials, thefeedbacknformedthe participantinto which bin theitem
shouldbesorted(e.g.,i Wr o Thig $houldgoto FoodS ¢ r a phefeedbackemainednthe
screerfor 1 secondbeforethe nexttrial startedIn thesecondlock, participantperformedhe
samesortingtask,with a differentsetof imagesput no feedbackwvasprovidedthistimein order

to testwhethermarticipantshadlearnedo sortbetterafterthefirst block with feedbackFig.ab).

In the control condition, participants performed the same sorting task in the two blocks, except
that they did not receive afieedback in the first or the second bld€kg.6c). Thus, the only
difference between the two conditionas the presence or the absencieedlback in the first

block The intertrial interval was 1 second, and there wasrai2ute 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 debriefsgis was conducted after the

experiment to answer any questions the participants had about the study.
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Figure6. Experimentl. (a) In eachtrial, participantssortedaniteminto oneof four bins(food scraps,
recyclablecontairer, paperor garbagepy pressinga key onthekeyboard(b) In thelearningcondition,
participantgeceivedfeedbaclkafter eachtrial in thefirst block, butnotin the secondlock. (c) In the
controlcondition,participantgdid not receiveanyfeedbag in eitherblock. (d) Theoverallsorting
accuracy(e) Themeanddof eachbin wasanalyzedusing2 (condition:learningvs. control; between
subjectsx 2 (block: first vs. secondwithin-subjectsmixed-effectsANOVA. (Error barsreflect® 1
SEM *p<.05;*** p<.001)
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4.4.3 Results and Discussion

Thesortingaccuracywasanalyzedisinga 2 (condition:learningvs. control; betweenrsubjects)

x 2 (block: first vs. secondwithin-subjectsmixed-effectsANOVA in eachof thefour bins

(food scrapsrecyclablecontaines, paper,andgarbage) The sortingaccuracyis presentedn

Figure5d, andthe ANOVA andT u k eHBED mosthoctestresultsareshownin Table2.

Table?2.

ANOVA

and

(L=learning condition; C=control condition).

Tukeyods

HSD

t est d nont hseo rTtuikregy 6as
results, the number in the parenthesis is the mean accuracy in the block and in the condition

ANOVA results

T u k e YS® post-hoctestresults

p

F(1,98)=2.77p=.099,d,°>=.03
F(1,98)=18.46p<.001,d,>=.16
F(1,98)=6.34p=.01,d,°>=.06

15'block L (78.2)vs. 15t block C (77.3)
2"9block L (894) vs.2"9block C (80.3
1stblock L (78.2)vs. 2 block L (89.4)
15tblock C (77.3)vs. 2" block C (80.3)

.98
<.001
<.001
.59

F(1,98)=62.84p<.001,d,°=.39
F(1,98)=80.90p<.001,d,’=.45
F(1,98¥47.52,p<.001,d,%=.33

1stblock L (64.6)vs. 15tblock C (51.9)

21 plock L (85.6)vs. 2 block C (54.7)
15tblock L (64.6)vs. 2 block L (85.6)
15tblock C (51.9)vs. 2" block C (54.7)

<.001
<.001
<.001
45

F(1,98)=4.59p=.03,0,°=.04
F(1,98)=20.54p<.001,d,>=.17
F(1,98)=4.98p=.03,d,>=.05

1stblock L (74.1)vs. 15tblock C (72.2)

2"9plock L (83.0)vs.2"9block C (75.2)
1stblock L (74.1)vs. 2 block L (83.0)
15tblock C (72.2)vs. 2" block C (75.2)

73
<.001
<.001
37

Bin Effect
Food Condition
Scraps Block

Interaction
Recyclable Condition
Containers Block
Interaction
Paper Condition
Block
Interaction
Garbage  Condition
Block
Interaction

F(1,98)=29.3p<.001,0,%=.23
F(1,98)=14.19p<.001,d,%=.13
F(1,98)=24.77p<.001,d,2=.20

1stblock L (67.3)vs. 15tblock C (57.2)

2"dblock L (86.5)vs. 2" block C (54.5)
1stblock L (67.3)vs. 2" block L (86.5)
15tblock C (57.2)vs. 2" block C (54.5)

.008
<.001
<.001
.83

As Table2 shows therewasa significantmain effectof condition,block, anda significant

interactionbetweerconditionandblock for all four bins,exceptthattherewasa marginalmain

effectof conditionfor thefood scrapsin. This meansthatsortingaccuracywashigherin the

learningconditionthanin the controlcondition,higherin the secondlock thanin thefirst block,

andthedifferencebetweenhelearningandcontrol conditionsin the secondolock wasgreater

than thatin the first block (Fig.6d). Basedthe T u k eHSD posthoctess, the sortingaccuracy

increasedignificantlyfrom thefirst to thesecondblock in learningconditionfor all bins
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(p6 s < . luttherewasno differencein accuracybetweerthetwo blocksin thecontrol
conditionfor anybin (p6 s > .Mdrégver,in thesecondlock theaccuracyassignificantly
higherin thelearningconditionthanin the control conditionfor all bins(pé s < . Bveénin)he
first block, theaccuracywashigherin thelearnirg conditionthanin the control conditionfor the
recyclablecontainerbin andthe garbagebin (pd s < .sligdektinghefeedbaclkalready
improvedsortingaccuracyin thefirst block, sincecontrolconditionnevergotanyfeedback
Theseresultsdemonstra thatimmediatefeedbackn thefirst blockincreasedortingaccuracy
evenwhenfeedbackwvasno longerprovided.This suggestshatparticipantshavelearnedo sort

moreaccuratelyafterreceivingfeedbackn thefirst block. Thereactiontimes(RTs)of only

correcttrials (thetime betweerthe presentatiorf the stimulusandthe key press)wereanalyzed

with a2 (condition:learningvs. control; betweersubjects)x 2 (block: first vs. secondwithin-

subjectsmixed-effectsANOVA, with testresultsshown in Table3.

Table3. ANOVA and T u-tkoetgsbresultsl @ 1Bortipngrasponse times in each bin.
I n the Tukeyds HSD results, the number i
in the block and in the contdhn (L=learning condition; C=control condition).

Bin Effect ANOVA results T u k e §S® post-hoctestresults p
Food Condition F(1,98)=2.00p=.16,d,>=.20 1stblock L (2.8) vs. 1sthlock C (3.2 .36
Scraps Block F(1,98)=63.42p<.001,d,°=.39 2"dblock L (1.6) vs.2"9blockC (1.8) .67

Interaction F(1,98)=0.13p=.72,d,?>=.001 1stblock L (2.8)vs.2"blockL (1.6) <.001
15tblock C (3.2)vs.2Wblock C (1.8)  <.001
Recyclable Condition F(1,97)=6.39p=.08,d,>=.03 IstblockL (2.9)vs. I3thlockC (3.3) .18
Containers Block F(1,97)=61.56p<.001,d,°>=.39 2" block L (1.9)vs.2"blockC (2.3) .33
Interaction F(1,97)=0.05p=.82,d,?>=.0006 1stblock L (2.9)vs.2"blockL (1.9) <.001
15tblock C (3.3)vs.2block C (2.3) <.001
Paper Condition F(1,98)=0.25p=.62,d,>=.003 1stblockL (2.5)vs. 1stblockC (2.4) .73
Block F(1,98)=44.12p<.001,d,°=.31 2"dblock L (1.8)vs.2"9blockC (1.8) .99
Interaction F(1,98)=0.26p=.61,d,°>=.003 1stblock L (2.5)vs.2"blockL (1.8) <.001
15tblock C (2.4)vs.2block C (1.8)  <.001
Garbage Condition F(1,91)=16.51p<.001,d,>=.03 IstblockL (2.5)vs.18tbhlockC (3.9) <.001
Block F(1,91)=22.70p<.001,d,°>=.39 2" block L (1.5)vs.2"blockC (2.7) <.001
Interaction F(1,91)=0.@5, p=.94,d,>=.0006  1%blockL (2.5)vs.2"blockL (1.5) .004
15tblock C (3.9)vs.2"block C (2.7) .008
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FromTable3, therewasa maineffectof block (15t vs 2'%) in thatsortingwasfasterin the second
blockthanin thefirst block for all bins, possiblydueto familiarity with the gameafterthefirst
block However therewasno maineffectof condition(leaningvs control), or interaction
betweerconditionandblock for all bins The only maineffectof conditionwasfoundin the
garbagebin, wheresortingwasfasterin thelearningconditionthanin the controlcondition.

T u k eHBD mosthoctess showedhatfor all bins,sortingwasfasterin the secondlock than
in thefirst block for both conditions(pé s < .TRheteyvasno differenein RT betweerthe
learningandthe control conditionsfor all bins, exceptfor the garbagebin wheresortingwas
fasterin thelearningconditionthanin the controlcondition(pé s < . Dh@sg&rgsultssuggest
thatfeedbackhadminimal impacton the soring speedgexceptfor the garbagebin. Overall,the
resultssuggesthatfeedbackncreasedortingaccuracyevenwhenfeedbackvasno longer

provided,but not sortingspeed.

4.5 Experiment 2

This experimentimedto replicateExperimentl usinga differentsorting method.Specifically,
we examinechow the gameinfluencedsortingperformanceaisingmotiontrackingtechnology.

Undernormaldaily conditions,sortingitemsinto binsis a manualtaskinvolving handmotions,

we usedmotiontrackingto bettercapturethe daily sortingactions.

4.5.1 Participants

A newgroupof 100undergraduatstudentg74 female,meanage=20.5years,SD=2.4) from

UBC participatedn theexperimenfor coursecredit.
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4.5.2 Apparatus
Participantsn this experimentvereseatedbOcm from a 21.5inch touchscreemmonitor (refresh
rate=60Hzresolution:1080x192(ixels) in thelab. Stimuli werepresentedisingMATLAB

(Mathworks)andPsychophysic3 oolbox (http://psychtoolbox.org).

4.5.3 Stimuli and Procedure

Thestimuli andthe proceduraevereidenticalto thosein Experimentl (Figure6a), exceptthat
participantssortedeachitemin eachtrial by draggingtheitem with their finger to oneof thefour
binsonthetouchscreermonitor,ratherthanpressinga key onthekeyboardIn eachtrial, the
item remainedon the screerfor five secondslf participantsdid notrespondwithin thefive
secondsthetrial endedandthe nexttrial startedafteraninter-trial intervalof 500ms.In each
trial, theitemimageappearedt thelower centerof the screenwith the centerof theimage
locatedat 960 on the x-coordinateand9400n they-coordinateon the screenThesizeof each
itemimagewas150x150pxandthesizeof the bin signagenas300x312px.Participantavere
instructedto sorttheitem into oneof thefour binsby draggingtheimagewith their finger onthe
screentheycouldusethefinger or handof their preference)Participantsverealsotold thatthe
entireitemimagehadto bewithin the bin imageto completethetrial. The shortestrajectorywas
thestraightline betweertheinitial positionof theitem imageandthe cornerof thebin image
thatfit thesizeof theitemimage(Fig.79. For examplethe shortespathto sortafood itemwas
betweertheinitial positionof the centerof theitem (960,940)to the bottomright cornerof the
food scrapsin imagethatcould containtheitem image,wherethe centerof the cornerwas
(315,321).Thelocationof theitem imageon the screenwastrackedevery100msduringeach

trial sothatthex andy coordinatesvererecordedo indicatethe motiontrajectory.
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a) Sorting task
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Figure7. Experiment2. (a) Thegameinterfaceon the screerwith x andy coordinatesln eachtrial, four
bin signag€gfood scrapsrecyclablecontainerspaper,andgarbage)appearean thetop of thescreen
from left to right, andtheitemimageappearean thelower centeron the screenParticipantavere
instructedo sorttheiteminto oneof thefour binsby draggingtheitemto the bin on the screerusing
their finger.For atrial to complete theitemhadto befully containedwithin thebin. Theblacklines
representheshortestrajectoryfrom theinitial positionof theitemto eachbin. (b) Theoverallsorting
accuracy(c) Thesensitivitydéof eachbin wasanalyzedusing2 (condition:learningvs. control;
betweenrsubjects)x 2 (block: first vs. secondwithin-subjectsmixed-effectsANOVA (Error barsreflect

°1 SEM " p<.01;*** p<.001).
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