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ABSTRACT 

 

Researchers from the multidisciplinary field of human-computer-interaction (HCI) 

created a sub-field known as sustainable HCI to address environmental problems through 

technological interventions. The HCI community has been beneficial to the sustainable food 

waste movement, but there have been few practical applications that directly raise 

awareness and target sustainable behavioral change (e.g., minimization of food waste) 

(Ganglbauer, Fitzpatrick, & Comber, 2013). To understand how technologies can be of use 

in the household food waste domain, this multi-phase research was guided by the following 

questions: 1) What are the day-to-day habits that influence food waste? 2) What else can 

we learn from food waste data when context is provided? 3) How can technology influence 

and encourage consumers to reduce food waste at home? To aid in the discovery, two-

thirds of this research investigated the influences of household food waste through 

survey/interviews and one-third implemented a proof-of-concept (PoC) eco-feedback 

technology into homes to gather exploratory insights.  

From the outcome of our research, we were able to learn about the promising role 

of technology within the realm of food waste reduction. Receptivity open doors to other 

technological solutions for consumer homes. Researchers are already investigating unique 

engineering solutions for smart fridges to detect freshness and inventory management 

through machine learning and deep learning (Gull, Bajwa, Anwar, & Rashid, 2021)). Based 

on our findings, the design of data and feedback presentation will be an important factor to 

incorporate into engineering efforts to influence awareness and encourage behavioral 

changes for household food waste reduction.  
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CHAPTER 1 

INTRODUCTION 

 

The Increasing Problem of Food Waste 

Environmental and ecological sustainability is a pressing problem that spans from 

the most industrialized to the least developed nations (FAO, 2013; 2011). As human 

populations continue to multiply, consumption of energy and goods diminish the quantity 

and quality of our environmental resources (Vlek & Steg, 2007). Public awareness of the 

long-term environmental effects of climate change, deforestation, loss of biodiversity, 

overpopulation, air and water pollution, overfishing, and waste disposal has increased in 

the recent decades (Uzzell, 2000).  

Food waste impact on food security 

Given the breadth of the environmental issues at hand, the progressive increase of 

unintended food waste left from production and consumption has grown into a vexing 

dilemma for policymakers (Principato, 2018). Due to the projected growth of the human 

population, guaranteeing food security while ensuring that long-term sustainable practices 

are utilized at each level of the food supply chain (FSC) has become one of the greatest 

global challenges (Berry et al., 2015). More recently, the food security highlights the 

multifaceted nature of food security to include ethical and human rights dimensions of food 

access, food availability, food use, and stability (FAO, 2006). Food insecurity (i.e., 

unavailable and/or insufficient food access) has risen since 2014 in regions of the world 

with persistent conflict and instability (FAO, 2018). The Food and Agriculture Organization 

of the United Nations (FAO) reported that the absolute number of malnourished 

individuals has reached an estimated 821 million in 2017 (FAO, 2018). To feed the 
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estimated 9 billion world population by 2050, food production will have to grow by 70% 

(FAO, 2013). Yet, reports also shows a paradox befalling many industrialized societies that 

have strayed from food scarcity to abundance as massive quantities of food are discarded 

each year. This disproportionate ratio between the prevalence of food-insecure households 

and the massive quantities of food discarded each year worldwide exists as a contemporary 

issue (FAO, 2013). Food waste is estimated to affect one-third to one-half of the world’s 

food production (FAO, 2018). Considering the total amount of food loss and waste 

generated each year, the repercussions allude to a complex problem that spans across 

economic, environmental, social, and ethical responsibilities (Principato, 2018).   

The role of policy makers 

World leaders gathered at a historic United Nations summit in September 2015 to 

establish a 15-year plan to tackle persisting societal issues of poverty, inequalities, and 

climate change. The set of universal frameworks (2030 Agenda for Sustainable 

Development), while not legally binding, seeks all countries to take ownership and 

responsibility to implement achievement of the 17 Sustainable Development Goals (SDGs) 

by 2030 (Colglazier, 2015). Of these 17 SDGs, Goal 12 responsible consumption and 

production (shown in Figure 1) expresses concern over household influence and the 

impact it has on waste (Colglazier, 2015). Although substantial loss occurs in the 

cultivation and industrial transformation, household influences including dietary choices 

(i.e., consuming animal products) and habits (i.e., unused leftovers) consequently intersects 

with global energy stress, greenhouse gas emissions, unsustainable water use, and overall 

land degradation due to excess food waste (Colglazier, 2015). 
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Figure 1. Sustainable Development Goal 12: Responsible Consumption and Production 
(Colglazier, 2015). 

The role of sustainable HCI 

Although the topic of food waste has attracted worldwide attention from political 

leaders to develop policies and strategic initiatives, federal and entrepreneurial 

intervention efforts are still in its infancy in the United States (Neff et al., 2015). The 

existing literature is fragmented across disciplines (e.g., environmental psychology, 

cognitive psychology, computer science, informatics, engineering, design, artificial 

intelligence, human factors, etc.). Fortunately, this critical issue has yield invested interests 
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beyond siloed research efforts within the multidisciplinary field of human-computer-

interaction (HCI), which consists broadly of computer science, human factors engineering, 

and cognitive science (Choi & Blevis, 2010). Researchers eventually created its own sub-

field specially to identify and design sensible solutions to address environmental problems 

through technological interventions. This sub-field is most notably classified as sustainable 

HCI and eco-feedback technology, but it has also been referred to as reflective HCI, 

environmental HCI, green information technology, sustainable interaction design, and 

design for sustainable behavior (DiSalvo et al., 2010).  

HCI researchers have approached support for sustainable food practices in small 

communities, designed interactive technologies to enhance environmental accountability 

and transparency of the supply chain, promoted information about locally grown food, and 

provided aid to achieve sustainable food purchasing habits (Bonanni et al., 2010; 

Ganglbauer et al., 2013; Li et al., 2009). These works highlighted where and how food are 

sourced but overlooked determinants of post-consumer food waste. 

Lack of practical applications in sustainable HCI 

About 297 kg of food purchased at an estimated retail price of $936 is left 

unconsumed at home (household average 2.4 persons) each year (Buzby & Hyman, 2012); 

Ganglbauer et al., 2013). Humans, by default, all have deeply rooted beliefs, attitudes, and 

perceptions of how they interact in the world around them. To understand the choices 

people make surrounding food practices, it may be beneficial to uncover the mundane 

routines that are a part of how food is being used—or not used—in the home (Ganglbauer 

et al., 2013). Impulsive shopping habits, purchasing in excessive quanities that lead to food 

spoilage, undervaluing food, refusing to reuse leftovers, or improper food storage are just a 
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few examples that have been self-reported (Gunders, 2012; Hebrok & Boks, 2017). As such, 

comprehending what it takes to influence changes in an individual’s behavior requires an 

effortful understanding of the type of internal and external attributes that persuade and 

motivate personal behavioral change (Linder et al., 2018).  

The HCI community has been an important asset for the sustainable food waste 

movement, but there has been few practical applications that directly raise awareness and 

target sustainable behavioral change (e.g., minimization of food waste) (Ganglbauer et al., 

2013). At present, there is a growing body of work that emphasize persuasion as a 

monumental design element that can utilize the psychologyical principles of influence to 

identify barriers such as abilities, motivators, and triggers (Fogg, 2002). This ever-

expanding field of research calls attention to persuasion as a science because of the use of 

technologies to reinforce or shape users’ intentions and behavior without coercion and 

deception (Faludi, 2009). This developing field is formally recognized as persuasive 

technology (Fogg, 2002).  

HCI researchers who specialize in the domain of persuasive technologies follow a 

set of design frameworks to apply to the realm of sustainable HCI. Persuasive technologies 

have one of the greatest potential to foster responsible behavioral change as demonstrated 

in domains such as healthcare, education, financial management, and environmental 

sustainability. Domain-specific examples include products like fitness trackers to help 

establish exercising routines, language education apps to help establish learning 

consistency, budget tracking apps to help manage monthly expenses, and smart 

thermostats to help reduce energy consumption. Although many of these products have 
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mainstream success, maintaining behavior changes over time has shown to be a challenge 

(Farr-Wharton et al., 2014). 

The role of Feedback to facilitate change 

Several studies that have attempted to create persusasive technologies across 

varying domains (i.e., healthcare, education, financial management, environmental 

sustainability) to enhance conscious reflection has results suggesting that raising 

awareness can lead to re-evaluation, but it does not neccesarily facilitate improvements in 

desired behaviors (Comber & Thieme, 2013; Farr-Wharton et al., 2014). Although this 

shortcoming can be due to a number of reasonings, HCI researchers noticed that one of the 

important principles of persuasive design, feedback, was often presented in a one-size-fits-

all solution. The one-size-fits-all soultion was found to be limiting, as it “provided the same 

feedback to differently motivated individuals at different stages of readiness, willingness, 

and ableness to change” (He et al., 2010, pp. 927).  

To understand how feedback can be of use to address the problem of household 

food waste, researchers must move beyond the one-size-fits all solution. In order to do so, 

researchers must address the flaw that exists in sustainable HCI—the fixation on the 

technical aspect of the technological development (e.g., eingeering studies that focuses on 

the build of the tech rather than user experience). By not incoporating a user-centric 

approach (i.e., gathering the requirements and understanding the user needs before the 

construction of the technology), the product is more likely to fail.  

Intention of the current study 

Existing smart home technologies are opening up new prospects for sustainable 

food practices to reduce the amount of food discarded. To understand how these 
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technologies can be of use in this food waste domain, researchers must understand 

consumers and identify how they can change their wasteful habits. To contribute to this 

growing smart-tech industrty from an academic angle, this research will challenge the 

current food waste and sustainable HCI literature by focusing on not just the existence of 

the problem itself or technical aspect of the technology development. To understand how 

technologies can be of use in the household food waste domain, this multi-phase discovery 

research was guided by the following questions— 1) What are the day-to-day habits that 

influences food waste? 2) What else can we learn from the food waste data when context is 

supplemented? 3) How can technology influence and encourage consumers to reduce food 

waste at home? 
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CHAPTER 2 

LITERATURE REVIEW 

 

Literature Roadmap 

To accurately represent the problem space, the following outline will be covered in 

the literature review. 

• The concept and definitions of food waste 

• Food waste drivers, the causes of food loss and food waste 

• Consequences of food waste 

• Sustainable HCI and the platform for change 

• Behavioral change frameworks in HCI 

• Related works in sustainable design research 

• Design for sustainable behavior 

• Eco-feedback interventions for sustainable behavior 

By the end of the chapter, the reader should have a good grasp of the concept of food 

waste definitions, its drivers, and its direct consequences. Additionally, readers will learn 

how sustainable HCI has evolved, what frameworks exists for behavioral change, and 

related works/examples of different forms of sustainable designs. Lastly, the chapter will 

review the overall direction of this research with a detailed breakdown of the three-part 

study’s intentions.  

The Concept and Definitions of Food Waste 

 

Food loss and food waste inevitably occur at every stage of the food supply chain 

(FSC) from cultivation, postharvest handling and storage, industrial transformation (i.e., 
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processing and packaging), distribution, retail, and up to the final stages of consumption 

(Gustavsson et al., 2011). According to the Food and Agriculture Organization of the United 

Nations (FAO), food loss and food waste are two similar but concurrently distinctive 

definitions that impacts global food security.  

 

Figure 2. Food loss at each step of the food supply chain (FAO, 2011) 

Food Loss Definition 

Food loss is defined as the “decrease in quality or quantity of food” and it refers to 

all food initially produced with the intention of human consumption but is not consumed 

(FAO, n.d.). Within the literature, food loss has been found to occur early in the food supply 

chain. Meaning, food loss from agricultural post-harvest and post-harvest processing is 
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considered spoilage as it becomes unfit for human consumption (Grolleaud, 2002). Since 

2008, there has been a renewed focus in creating effective interventions to reduce post-

harvest losses (PHL). This term refers to “measurable quantitative and qualitative food loss 

in the postharvest system” and it reflects the interrelated components of the FSC starting 

from the time of harvest to the final purchasing and consumption decision of the consumer 

(Kiaya, 2014, pp. 3). 

Essentially, quality losses include products afflicted by defects that affect 

palatability as well as the composition and nutritious value of a product (Kiaya, 2014). 

Although there are many critical factors that can govern food loss in developed and 

developing nations, typically, these types of quality losses are more common in developed 

countries despite advancement in technologies to improve distribution and product shelf-

life. Due to consumer intolerance for cosmetically unappealing and misshapen (e.g., 

undersized, crooked, disfigured, etc.) fruits and vegetables, there has been an increased in 

the rate of supply dismissal by venders (Kiaya, 2014). These rejection rates lead to the 

discard of often edible products that do not meet the minimum standard requirement to be 

sold in retail. Quantity losses on the other hand involves loss in the amount of a product. 

Due to biological spoilage caused by inadequate post-harvesting techniques (more common 

in less perishable items such as root vegetables) and poor refrigeration, quantity losses are 

more likely to occur in developing countries (Kiaya, 2014). FAO reported that at a global 

level, “volume of lost and wasted food in high income regions are higher in downstream 

phases of the food chain, but just the opposite in low-income regions where more food is 

lost and wasted in upstream phases” (FAO, 2013, pp. 14).  
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Food Waste Definition 

Although the term food waste encompasses post-harvest and post-consumer losses, 

for clarification purposes, food waste will be referred to as the losses that occur in the 

actions leading up to and after post-consumer consumption. Food waste occurs at the later 

stages of the food supply chain (FSC) and can be attributed to behavioral attitudes at the 

point of food consumption (Parfitt et al., 2010). Food waste is considered to be a more 

distinct part of the food loss cycle because of the underlying complex drivers (such as 

values, attitudes and perceptions) that push consumers to discard otherwise perfectly safe 

and nutritious food at the end of the food supply chain (FAO, n.d.). Thus, the role of the 

consumer in developed countries significantly impacts the issue of food waste. In fact, early 

post-harvest losses are influenced by consumers’ actual or anticipated food perceptions 

and purchase behaviors (Aschemann-Witzel et al., 2015). Understandably, stakeholders’ 

profit by supply and demand and because consumers have an intolerance for substandard 

or aesthetically unappealing produce, retailers will only buy foods that meet the 

consumers’ needs. This means that all rejected and wasted edible food products either due 

to sensory perception (i.e., looks, touch, taste, smell) or are close to the best-before date are 

referred to as suboptimal foods. According to Aschemann-Witzel et al. (2015) these 

suboptimal foods can be sectioned into two general choice situations at the grocery stores 

(buy/do not buy) and in the household (consume/do not consume). In the United Kingdom, 

suboptimal food has been the cause for a majority of the food wasted in households since 

about half of the food thrown away either were close to the expiration date or had gone bad 

before it could be used (Quested, T., Ingle, R., & Parry, A., 2013). In the United States, these 

behavioral choices substantially account for around 31% to 40% of 430 billion pounds of 
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available food supply wasted in the retail spa ce and consumer households in 2010 (Buzby 

et al., 2014; Neff et al., 2015). 

Food waste drivers, the causes of food loss and food waste 

 
The answer is complicated because it depends on socioeconomic situations and 

human behavior. The percentage of food loss and food waste occurs in both medium/high 

and low-income countries. Unsurprisingly, shorter shelf-life items like vegetables and fruits 

contributes to the bulk of losses and wastage. Nearly half of all roots, fruits and vegetables 

produced are wasted each year during varying levels of the food supply chain (FSC). 

However, recent reports from global research initiatives indicate that specific causes of 

food loss are far more of a frequent occurrence in developing countries (estimated US$ 310 

billion loss) whereas, food waste is more of a commonplace practice in industrialized 

nations with roughly US$ 680 billion loss (FAO, 2018).  

Medium/High-income countries: Europe (including Russia), USA, Canada,  

Australia, New Zeeland, China, Japan, South Korea 

Low-income countries: Sub-Saharan Africa, North Africa, Central and Western 

Asia, South and Southeastern Asia, Latin America 

Specifically, low-income countries see an effect of food loss very early in the supply 

chain due to poor access to storage facilities, rough infrastructure and transportation, 

refrigeration, unsanitary market facilities, and rudimentary packaging. Meanwhile, high 

income countries see an effect of food waste later in the supply chain typically due to 

upholding rigorous quality assurance practices (i.e., aesthetic defects on fruits and 

vegetables), food manufacture (i.e., trimming scraps and sorting), poor environmental 

conditions in grocery displays, lack of planning in kitchen and retail stores (food cannot be 
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stored for the next day as a trade off with food safety), best-before/use-by/sell-by dates, 

and unwanted leftovers (Gustavsson et al., 2011). 

Consequences of food waste 

 

 Although the topic of food waste has generated global attention in terms of 

household food insecurity, few studies and government reports have addressed the 

environmental footprint of food waste along the FSC to include the impacts on climate, 

water, and biodiversity (FAO, 2013). Anthropogenic impact (e.g., human impact) on the 

environment has resulted in about 1.6 billion tons of food left discarded across the 

countryside, landfills and at sea (FAO, 2013; Osterback et al., 2015).  

Carbon Footprint 

One of the most discerning consequence of food waste would be the enormous 

carbon footprint produced from the accumulation of uneaten food left in landfills. The 

global food chain is a significant contributor to global greenhouse gas (GHG) emission. A 

product’s carbon footprint can be tallied up as the total amount of greenhouse gases 

(GHGs) emitted in its lifecycle. For consumable commodities, that includes GHG emissions 

during the agricultural and transportation phase up to the preparation and disposal stages 

(FAO, 2013). GHGs are essentially gases that trap heat in the atmosphere and are arguably 

responsible for global warming. It is important to note that all consumable commodities 

produced and wasted release methane (CH4) and nitrous oxide (N2O), two of the most 

powerful greenhouse gasses. Methane alone has a weight factor of 25 times CO2 and N2O 

298 (FAO, 2013). Additionally, FAO (2013) reported that the global carbon footprint of 

food wastage (excluding land-use change) has been estimated at 3.3 billion tons of CO2 

equivalent of greenhouse gasses (GHGs) emissions per year. This added concentration of 
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atmospheric CO2 and GHG build up from decomposing food shows that strategies need to 

emerge to address our global carbon footprint. 

Water Footprint 

Like carbon footprint, accounting for water use during the final stage of the food 

supply chain is often overlooked but is important to understand from a food waste 

perspective. Water use can be defined by two ways—withdrawal or consumption. Water 

withdrawal focuses more on water taken from a surface or groundwater source. Although 

similar in definitions, water consumption refers to water that has been integrated into 

agricultural farming or reserved by human activities. Due to the major role agriculture has, 

the water footprint of food wastage primarily addresses the issue of water consumption 

rather than water withdrawal. The Water Footprint Network (WFN) defines the term water 

footprint as the total volume of fresh water that is used directly or indirectly to produce the 

product. A product’s water footprint can be estimated by the water consumption and 

pollution traced in its production system. The complexity of water use breaks down the 

water footprint definition further into three sub-components of water appropriation. Blue, 

green, and grey water each impacts the environment a little differently, but for the food 

waste topic, blue water use is specific to agriculture and considered to be the most harmful 

as it contributes to water depletion, waterlogging (saturation of soil with water), soil 

salinization (accumulation and concentration of dissolved salt content in soil), or soil 

degradation. The magnitude of the blue water footprint that was lost or wasted for the 

agricultural production of total food wastage in 2007 alone was found to be about 250 km3, 

which is equivalent to three times the volume of Lake Geneva (FAO, 2013; Mekonnen & 

Hoekstra, 2011). 
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Biodiversity   

The impact of food waste on biodiversity can be found at all levels of the FSC. 

Damages inferred from the production phase of the FSC is considerably more well-known 

by the public. Threats to biodiversity in the forms of deforestation is alarmingly higher in 

developing countries located in tropical and sub-tropical regions where agricultural 

expansion and production are responsible for 72% of species threats (FAO, 2013). The 

topic of food waste and its impact on wildlife has not been discussed much in the literature, 

(Conniff, 2016). The neglectful actions left by human activities (e.g., agriculture, 

commercial fishing, waste discharge, etc.) in the last century have incrementally affected 

the coastal ecosystems, landfills, and urban environments (Oro et al., 2013; Osterback et al., 

2015). Because these changes were so gradual, scientists have underestimated the impact 

unconsumed food waste has on the state of ecosystems, specifically altering wildlife 

population dynamics, species abundance and diversity, habitat and food webs (Newsome & 

van Eeden, 2017). Along the Pacific Coast, the number of Western Gulls currently residing 

in the Monterey Bay area (California) have more than doubled or quadrupled since the 

1980s (Carle et al., 2014). Although urban wildlife have sustained themselves occasionally 

by picking up food scraps left behind by humans for centuries, it has never been on the 

scale of modern food waste in which wildlife have increased their reliance on 

anthropogenic resources which in turn alter predator-prey dynamics and increased 

human-wildlife conflict (Conniff, 2016; Newsome & van Eeden, 2017). For one specific 

species, the introduction of novel food sources from local garbage and fishery discards 

inadvertently shifted diet composition and subsidized Western Gulls to the Monterey Bay 

area. In fact, modern gulls have a much higher variation of inferred diets than historic gulls 
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(Osterback et al., 2015). For these modern gulls, the increased access to anthropogenic food 

from landfills have become increasingly important to their diets as it amounts to their 

population stability in comparison to the 1990s. However, the link between local food 

waste and region-specific gull growth may be “system dependent or influenced by the 

availability of alternative natural prey” since the shifting resource baselines in marine 

environment found modern seabirds feeding on lower tropic level preys than they did in 

the past (Osterback et al., 2015, pp. 609). In one instance, marine ecologists estimated a 

historic loss in the steelhead trout population by 80 to 90 percent over the last 100 years 

on the coast of Monterey Bay. Although increased food availability in the form of garbage 

facilitated gull population growth, local food waste unintentionally subsidized more 

seabird populations along Monterey Bay area (Blight et al., 2015). Because of this change, 

researchers believe that the declining steelhead trout population in Monterey Bay is result 

of modern gulls turning prey on juvenile steelhead trout (Blight et al., 2015; Osterback et 

al., 2015). Interestingly, case studies reveal potential links between food abundance or 

quality (e.g., anthropogenic waste and natural resources) with wildlife reproductive 

success. For example, various gull species may thrive and successfully reproduce on a diet 

of discarded food waste, but they experience higher successful egg production with access 

to high-protein marine fish prey as opposed to lower-quality anthropogenic garbage 

(Annett & Pierotti, 1999; Blight et al., 2015). 

Economic Impacts 

The global economic impact of food waste in 2007 (based on 2009 producer prices) 

has a retail value of about USD $750 billion (FAO, 2013). In the United States, the avoidable 

food waste for the year 2009 (based on 2011 retail prices) totaled to roughly $197 billion 
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(Venkat, 2011). Among the various food categories, animal products and grains, vegetables, 

and fruits account for 37% and 47% of the economic impact across consumer and retail 

waste (Venkat, 2011). From this estimate, US consumers spend $124 billion on wasted food 

(roughly 63% of the total retail value of wasted food). The per capita retail value of total 

avoidable waste is $643.95 per year for an estimated population of 307 million. From this, 

the avoidable consumer waste for a family of four would amount to about $1600 per year. 

Retail waste (including waste in institutional food service) on the other hand is just as 

problematic at a reported $64 billon (Venkat, 2011). These numbers show that consumers 

and businesses have much to gain by reducing their food waste. 

Social Impacts 

Supply and demand come with continued population and global consumption 

growth. This expected increase in the global population places high constraints on the 

readiness of food available (Stancu et al., 2016). The greatest hypocritical challenge is to 

feed the estimated 9 billion people and reduce the amount of uneaten food thrown away. 

This growing struggle to produce enough food to feed the proportion of the world’s 

population means that we are facing a sense of urgency to ensure more sustainable 

practices to reduce food waste. Ultimately, the challenge has yet been resolved, but this 

strategy may potentially help feed the increasing global population (Godfray et al., 2010). 

The patterns in global food prices are indicators of trends in the availability of food, at least 

for those who can afford it and/or have immediate access to. More than one in seven 

people in our modern society suffer from micronutrient malnourishment due to the 

economic and societal barriers that prevent them from having access to sufficient nutrient 
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dense food to be close to the bare minimal requirements of a balanced diet (Godfray et al., 

2010).  

Sustainable HCI and the Platform for Change  

 

Comprehending what it takes to influence changes in an individual’s behavior 

requires an effortful understanding of the type of internal and external attributes that 

persuades and motivates a personal behavioral change (Linder et al., 2018). Given the ever 

integrated importance of technology in our daily lives, it is within reason to extend the use 

of technology beyond recreational and entertainment purposes. We have begun to see the 

impact of human-computer interaction spilling into the areas of sustainability in promotion 

and support of ecological awareness and pro-environmental behaviors (DiSalvo et al., 

2010; Dourish, 2010; Thieme et al., 2012). These information technologies offer a unique 

platform for self-reflection and intervention. The self-reflection aspect requires a twofold 

interest and participation in a particular behavior from the user. Pressuring individuals to 

reflect on information that are generally not of interest (i.e., waste disposal or recycling) 

may warrant less than optimal involvement, but effective motivational and persuasive 

design techniques can provide assistance (Dourish, 2010). Some of these system designs 

provide feedback on household energy consumption or water usage by incoporating 

gamification features and persuasive techniques (i.e., competition, comparisons, positive 

and negative reinforcements, etc.) to encourage users to monitor and modify their 

behaviors accordingly. The need to understand behavior change in HCI has resulted in its 

own subfield and new design frameworks. This specific area of HCI which utilizes 

technology to influence people’s behaviors is broadly termed as persuasive technologies 

(Fogg, 2002). 
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Persuasive Technologies (Captology) 

The establishment of the persuasive technology domain was first introduced at the 

ACM Conference on Human Factors in Computing Systems (CHI) in 1997 by a special 

interest group who explored research with computers and persuasion (Fogg, 1997). The 

domain was originally called captology (acronym for Computers As Persausive 

Technologies) and due to the lack of key definitions and frameworks, Fogg (1998) later 

presented five perspectives to include the following—definition of persuasive computers, a 

functional view of persuasive computers, levels of analysis for captology, the design space 

for persuasive technologies, and ethics of computers that persuade. 

Perspective 1: Definition of persuasive computers. A persuasive computer is an 

interactive technology that changes a person’s attitudes or behaviors (Fogg, 1998). One key 

component of persuasion is that it needs to have intentionality in order to influence the end 

of result. This first perspective provides an intentional framework for persuasive 

computers. Since machines do not communicate the same humans do nor have intentions, 

“a computer qualifies as a persuasive technology only when those who create, distribute, or 

adopt the technology do so with an intent to affect human attitudes or behavior” (Fogg, 

1998, pp. 226).  

Perspective 2: A functional view of persuasive computers. This second 

perspective provides a functional view of persuasive computers based on three areas— as 

tools, as media/medium, and as social actors. As tools, the computer provides the user to 

do things easier or accomplish something they were unable to do before. As a 

media/medium, users may use the computer to convey symbolic visualization (text, data 

graphs, icons) or sensory content (virtual worlds, real-time video, simulations) as a first-
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hand learning experience. Lastly, users establish a connection with computers as social 

actors when computers adopt human-like characteristics (physical features, emotions, 

voice communication), role play (digital pet, assistant, coach, opponent), or follow social 

rules (greetings, apologies). Together, these three areas form as Fogg’s Functional Triad 

(See Figure 4). This framework is useful as it offers researchers an opportunity to analyze 

the different kinds of affordances of persuasive interactive technologies.  

   

Figure 4. Fogg’s Functional Triad – Tool, Media/Medium, Social Actor (Fogg, 2009) 

 
Perspective 3: Levels of analysis for captology. This third perspective directly 

targets levels of analysis for persuasive systems. Each level of analysis draws on theoretical 

frameworks, methodologies, and measures to generate research and design insights for 

both computer use and behavior/attitude change. These levels of analysis includes—

intraindividual, interindividual, family, group, organizational, community and societal. 

These levels provide researchers a way to conceptualize design interventions since some 

technologies are more suited as an individual-based technology (i.e., MyFitnessPal app) v. 

more community-based technology (i.e., Waze app). 

Functional Triad 
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Perspective 4: The design space for persuasive technologies. The fourth 

perspective is based on the contributions of the first three perspectives. Fogg proposed a 

two-step process to approach the persuasive design space methodologically. The first step 

is to identify domains or issues of interest and the second step applies the previous 

perspectives to generate new insights. Following this two-step process yields a variety of 

ideas for a selected domain of interest (e.g., health, safety, environment, personal 

management) and offer researchers a design exploration opportunity based on questions 

of intentionality, functional triad, and levels of analysis.  

Perspective 5: Ethics of computers that persuade. Persuasion may be ethically 

questionable if designers are not held accountable for technologies that coerce users, 

promotes negative consequences, or impedes on users’ privacy. The fifth perspective offers 

four ethical guidelines—identify artifacts and techniques (e.g., Perspectives 1-4), examine 

effectiveness and effects, disclose findings, and if needed, take or advocate social action.  

HCI Behavioral Change Frameworks 

 

Fogg Behavior Model (FBM) 

The field of psychology (cognitive and social) and communications have long 

studied persuasion and its influence (Fogg, 1998). Many attempts at persuasive designs 

have failed because researchers and designers do not understand what factors drive 

behavioral change (Fogg, 2009). Persuasive technology is “learning to automate behavior 

change” (Fogg, 2009, pp. 24). It is necessary to conduct research that can provide practical 

insights into the human psychology specifically to uncover the factors that drive human 

behavior. For this reason, Fogg later introduced the Fogg Behavior Model (FBM) to assist in 

a systematic way of thinking so that persuasive designs are not the result of estimations or 
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imitations of techniques that work without fully understanding the nuances that allow such 

techniques or designs to work (Fogg, 2009).  

Fogg Behavior Model (FBM) is grounded by three prinicipal factors—motivation, 

ability, and triggers (Fogg, 2009). In order for a targeted behavioral change to occur, the 

model emphasizes that the individual must have sufficient motivation, sufficient ability, 

and an effective trigger. The model suggests that an individual with low motivation and low 

ability would least likely to be able to perform the target behavior, whereas an individual 

high motivation and high ability has an increased chance in performing the target behavior. 

When an individual has high motivation but low ability to complete a task at hand, the 

behavior is still unlikely to succeed. This implication shows that the optimal path for 

increasing behavior performance is to increase the individual’s ability by making the 

behavior easier to accomplish even with low motivation. Of course, individuals are not 

typically at the respective extreme ends of motivation and ability. In fact, designers benefit 

from users’ modest levels of motivation and ability as these levels are relatively simple to 

tailor. Effective persuasive technologies can boost motivation and/or ability, however the 

missing piece to the highest success rate for a behavior activation threshold is the trigger 

component. A trigger can be in any form (i.e., alarms, text messages, light indications, and 

so forth), but a successful trigger must be noticeable, be tied to a target behavior, and be 

presented at the right time when the individual is both motivated and able to perform the 

target behavior. A poorly-timed trigger (i.e., pop-up ads, app notifications, etc.) can be 

distracting and mildly frustrating. In short, these three factors must occur concurrently in 

its optimate state (high motivation, high ability, well-timed trigger) for a successful 

behavior activation. Figure 5 provides a visualization of the FBM with the three factors.  
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Figure 5. Fogg Behavior Model – Motivation, Ability, and Triggers (Fogg, 2007) 

 
Persuasive System Design (PSD) 

The FBM is now one of the most widely used frameworks for understanding 

persuasive technologies, yet Harjumma and Oinas-Kukkonen (2007) recognized some 

shortcomings in the model. Specifically, Harjumma and Oinas-Kukkonen (2007) praised 

Fogg’s Functional Triad as a resourceful body of information, but critiqued the limited and 

generality of the framework as it does not attempt to provide additional descriptions of 

conceptualization and implementation of the principles. From their findings, they 

encountered inconsistencies in the three categories (tool, media/medium, and social actor) 

and were unable to transform the persuasive principles into specific system design 

requirements and functionalities (Oinas-Kukkonen & Harjumaa, 2009). Ultimately, the 

Persuasive System Design (PSD) model emerged out of neccessity to prescribe design 

requirements for the conceptualization, development, and/or evaluation of persuasive 

systems (Oinas-Kukkonen & Harjumaa, 2009). The PSD framework is pratical design 
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guidance, however, it is important to note that the proposed principles are predominately 

tailored for software interfaces.  

The PSD framework consists of three phases in the development of persuasive 

systems: understanding key issues behind persuasive systems, analyzing the persuasion 

context, and defining the system qualities for design and evaluation (see Figure 6). 

 

Figure 6. Phases in Persuasive Systems Development (PSD) 

 
Phase 1: Understanding Key Issues Behind Persuasive Systems. The PSD 

framework defined seven postulates that need to be adressed in the first phase of the 

development or evaluation of a persuasive system. The first postulate reminds researchers 

that technology is always on, meaning individuals are influenced by technology in one way 

or another. The second postulate is based on the idea of commitment and cognitive 

consistency since users are more likely to be execute the intended behavior if they feel 

oblige to do so and if they have a routine to abide by. The third postulate caters direct and 

indirect persuasive designs based on the individual’s reciprocation of the information. The 
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fourth postulate states that persuasion for a taret behavior is easier to initiate if it is 

achieve through small incremental steps. The fifth postulate urges designers to be 

transparent about the intent of their persuasive sytems. The sixth postulate states that 

persuasive systems should fullfil user’s needs without being intrusive during undesirable 

moments. The seventh postulate is as simple as it is, persuasive systems should be 

straightforward and provide a meaningful experience. 

Phase 2: Analyzing the Persuasion Context. Context is required for a complete 

understanding of the persuasion process. Such context includes the intent, the event, and 

the strategy (See Figure 7). If designers omit this phase in development, it would result in 

an ineffective engagment from the user (Oinas-Kukkonen & Harjumaa, 2009).  

 

Figure 7. Analyzing the Persuasion Context (Oinas-Kukkonen & Harjumaa, 2009) 

 
Phase 3: Design of System Qualities. Although Oinas-Kukkonen & Harjumaa 

(2009) expanded on Fogg’s Functional Traid’s weaknesses by incorporating four design 

dimensions for specific system requirements. The dimensions includes primary task 

support, dialogue support, system credibility support, and social support.  
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Primary Task Support. This dimension addresses the user’s target behavior by 

employing reduction, tunneling, tailoring, personalization, self-monitoring, simulation, and 

rehearsal.  

Dialogue Support. This dimension addresses the type of feedback that is ultilize to 

help users reach their intended goal or target behavior. These design principles includes 

praise (system provides positive reinforcement in varying forms), rewards (system 

provides rewards as motivation), reminders (system provides reminders to peform 

behavior), suggestions (system provides suggestion to carry out behaviors), similarity 

(system imitates user in some way), liking (system is visually appealing), and social role 

(system adopts social role). 

System Credibility Support. This dimension describes how credibility reinforces a 

system design to be more persuasive. This includes trustworthiness, expertise, surface 

credibility, real world feel, authority, third party endorsements and verifiability.  

Social Support. This dimension describes the importance of social influence on the 

overall persuasiveness of a system through social facilitation, social comparison, normative 

influence, social learning, cooperation, competition, and recognition. 

Related Works in Sustainable Design Research 

 

The following section will address the number of related works in sustainable HCI 

research. Some are design-led approaches for behavioral changes. Others are exploratory, 

implementing preliminary interventions to highlight unusual and practical design 

solutions. All efforts have led to open-ended discussions about design strategies and 

guidelines that could one day reach a level of effectiveness and acceptability. 
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Strategies and Approaches to Sustainable Design  

 

Product design influence (Scripting). The use of scripts have been documented in 

social sciences. However, the first inclusion of scripts on artifacts (i.e., products) by 

designers can be attributed to Jelsma and Knot’s research (Jelsma, 1999; Jelsma & Knot, 

2002). They used scripts in product design to facilitate sustainable behaviors, dubbing it as 

moralized products (Jelsma, 2006). The idea of scripting eventually emerged to design 

sustainable and eco-friendly products that carefully guided users’ actions to align with the 

designer’s intentions. As it is illustrated below (Figure 8), the conceptual framework of a 

script is based on three notions (inscription, prescription, description), but is connected 

dynamically by design and use process.  

 

Figure 8. Conceptual framework of a script connecting design & use process (Jelsma, 2006). 

 
 Although scripts limit users’ actions by inviting certain user behavior while 

counteracting another, it is viewed as a less forceful design approach as users are still given 

a choice (Jelsma, 2006). In other words, the scripts can present potential actions and 
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functions to increase the likelihood of encouraging sustainable behavior by automatizing 

them or designing features that makes unstainable behaviors a bit more difficult or 

impossible to complete so that “environmentally friendly behavior becomes the rule 

instead of the exception that costs extra effort” (Jelsma & Knot, 2002; Jelsma, 2003, pp. 

106). This concept has been applied to designing environmentally efficient services in 

clothing care systems (i.e., washing machines, detergent free systems, etc.), but other 

products have since applied this approach to elicit a sustainably conscious decision-making 

behavior by simplifying the action. Figure 9 showcases the use of a script in the design of 

the two-tone flush lever. The two-tone lever steers users to contemplate on a greener 

action by offering an easy opportunity to participate in an eco-friendlier behavior for the 

day.  

 

Figure 9. Kohler Highline Toilet. An innovative two-tone flush lever offers the choice of 1.1 
or 1.6 gallons per flush. The high-efficiency 1.1-gallon flush reduces water use by more 
than 30 percent over the 1.6-gallon mode, which adds up to potential water savings of 

more than 4,000 gallons per toilet, per year. 
 

Eco-Feedback. Eco-feedback refers to feedback that presents pro-environmental 

information. The concept of eco-feedback seems rather straightforward since eco-feedback 
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products allow users to review information and make informed decisions related to the 

environmental impact of their behavior. Of course, human behavior is hardly ever that 

simple. Some researchers also attributed the beginnings of this concept to the Feedback 

Intervention Theory (FIT) (Kluger & DeNisi, 1996; Lilley et al., 2006). Others view eco-

feedback as an extension of research in persuasive technology. Yet it in actuality, the study 

of eco-feedback extends back to nearly 50 years of research in environmental psychology 

(Froehlich et al., 2010). Predominant theories of pro-environmental behavior in psychology 

fall under two common views—rational choice models (driven by self-interests) and norm-

activation models (driven by pro-social motives) (Ajzen & Fishbein, 1970; Schwartz, 1977).  

Rational Choice Models. Rational choice models include some of the oldest and 

simplest models of pro-environmental behavior—attitude models, model of responsible 

environmental behavior, and rational-economic model. 

Attitude model. One of these older models, attitude model, assumes that positive 

attitudes may in turn reflect positive behaviors. Drawbacks of this particular model 

implicates that the inconsistent nature of the relationship between attitudes and behaviors, 

since multiple factors may also influence behaviors (Froehlich et al., 2010).  

Model of Responsible Environmental Behavior. A recent model attempted to address 

this drawback including additional situational factors (e.g., economic constraints or social 

pressure) by introducing the model of responsible environmental behavior (Hines et al., 

1987). This model represents a biospheric appeal in that it highlights how knowledge of 

issues and of appropriate actions are both important factors in facilitating a predicted pro-

environmental behavior.  
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Rational-Economic Model. The last model, rational-economic model, focuses on 

maximization of rewards and minimalization of cost. To put it simply, it assumes people 

will actively seek out to adopt environmentally responsible behaviors (e.g., lower energy 

consumptions or water usage) if there are some economic gains (e.g., lower energy or 

water bills). It is important to note that this rational-economic model fails to attract long-

term commitment (Froehlich et al., 2010). 

Norm-Activation Model. Environmental behaviors are typically fueled as a 

collective charge towards the greater good. The theorical model argues that personal 

norms and behaviors have a partly causal relationship because “the associations appear 

primarily in the presence of personality conditions conducive to norm activation and 

absent when personality conditions are conducive to deactivation” (Schwartz, 1977, pp. 

274). In layman terms, the norm-activation model is entirely rooted in altruistic values and 

moral obligations (personal norms) rather than driven by self-interest of rational choice 

models (Schwartz, 1977). 

More recent environmental research gauged the impact of economic appeals and 

biospheric appeals in pro-environmental campaigns to dispute ongoing misconceptions. In 

a series of studies comparing between biospheric (e.g., Want to protect the environment? 

Check your car’s tire pressure) and economic (e.g., Want to save money? Check your car’s 

tire pressure) tire-check appeals, Bolderdijk and colleagues (2013) discredited the widely 

held assumptions that for adverts to be effective, they must be framed by monetary 

benefits (such as, fuel savings with proper tire pressure). On the contrary, their results 

noted higher scores on positive affect relative to complying with the biospheric appeals 

than with the economic appeal. These scores were shown to be influence by the salience of 
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self-concept (people rather be associated as being green than greedy) in a follow-up study. 

Furthermore, their last study (executed in a naturalistic field study in a US petrol station), 

posted flyers next to petrol pump advertising free tire checks from local oil-change 

stations. The flyers showcased one of the following appeals— biospheric (e.g., Care about 

the environment? Get a free tire check), economic (e.g., Do you care about your finances? 

Get a free tire check), safety (e.g., Do you care about your safety? Get a free tire check), or 

control (e.g., Get a free tire check). The experiment examined whether the type of appeal 

(biospheric, economic, safety, or control) would influence the patrons’ interests and their 

likelihood of taking the flyer over the course of 22 days. Figure 10 showed the highest 

number of flyers were taken from the biospheric (11 taken) condition, follow by control (7 

taken) and safety (5 taken). Meanwhile, the economic appeal condition failed to capture 

any interests from the patrons (0 taken). It is imperative that designs reflect well-

constructed messages grounded in empirically sound social and decision science principles 

that “promote or stifle persuasion in the environmental domain, as ill-constructed 

messages can do more harm than good” (Bolderdijk et al., 2013, pp. 415).  Although it is 

understandably frustrating to witness recalcitrant public interests and responses towards 

environmental responsibilities, impulsive and idealistic designs can fail to capture 

attention or worse, elicit frustrations or erode users’ trust in the technology (Bolderdijk et 

al., 2013; Feinberg & Willer, 2011; Pidgeon & Fischhoff, 2011).  
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Figure 10. Number of coupons taken for each of the four appeals over 22 days (Bolderdijk 
et al., 2013). 

 
Motivation Techniques in Behavioral Psychology 

Eco-feedback technology is based on the underlying principle that most people lack 

awareness and understanding about how their everyday behaviors impact the 

environment. Not much attention may be placed on behaviors falling under mundane daily 

tasks like televisions being left on past bedtime, but this gradual ignorance may resolve 

when technology bridges the environmental literacy gap by feeding users information 

about their actions (e.g., energy consumption) through computerized means such as 

ambient displays, app notifications, and data visualizations (Froehlich et al., 2010). Of 

course, there are known flaws eco-feedback products do encounter. Opponents argue that 

it has potential to become a feasible approach, but information alone does not delegate 

responsibility to the user to elicit appropriate actions to change an unsustainable habit. 

Therefore, it is important to note that many opponents take the explanation of the concept 

at face value and assume that the information given to users are quantitatively centric (e.g., 

energy consumption in numeric values). It is worth noting that eco-feedback designs can be 

simple or complex and designers may utilize various motivation techniques found in 
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behavioral psychology as well as popular feedback techniques to induce more sustainable 

behaviors. Eco-feedback as a concept may incorporates the following motivation 

techniques with varying degree of effectiveness (Froehlich et al., 2010): 

▪ Information: Most widely used technique despite and its effectiveness varies by 

how transformative the material is to attract users’ attention. Emphasis must be 

made in relevancy, user motivation, cognitive load, etc.  

▪ Goal setting: A well-studied technique that has been successfully applied to 

health-related technological interventions for behavioral change. A few 

empirical studies have showed its applicability in the environmental 

sustainability domain.  

▪ Comparison: A popular technique utilized in the social media age. Social 

comparisons could be useful in motivating behaviors, but the literature shows 

mixed results on the effectiveness of the technique. Researchers believe that 

comparison of performance can reach a plateau. 

▪ Commitment: This technique is based on a person’s pledge to pursue a behavior 

to reach a goal. Effectiveness of the technique is dependent on the person 

making the commitment, the type of commitment, and if the commitment is 

public or private. Little is known about the long-term retention potential of the 

technique.  

▪ Incentive/Disincentives & Rewards/Penalties: Used interchangeably, but 

distinct in timing. Incentives/disincentives come before a behavior, while 

rewards/penalties occur after. Both are effective in eliciting pro-environmental 

behaviors.  
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Persuasive Technology/Persuasive Systems 

Much has already been discussed about the underlying principles of persuasive 

technologies in the above section. Intelligent computing information systems are becoming 

increasingly centralized in the lives of millions of citizens living in this emerging digital 

society. As a tech driven generation, our needs, wishes, expectations and behaviors are 

often dependent on our continual interaction with these products to receive social 

interaction, gratification, and feedback (Ebermann & Brauer, 2016). These lighthearted 

products exist to bring users excitement and amusement, but they can also be designed to 

elicit more insightful actions. Incorporation of persuasive design principles can drive users’ 

behaviors to align with a product’s intent (e.g., exercising, smoking cessation, lower energy 

consumption, financial management). Such existing products have already been sold to 

consumers (see Figure 11 for example products).  
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Figure 11. Example products utilizing PT design principles. 
Top: Fitbit Charge 2 (left), Apple Watch (right) 

Bottom: Smoke Free (left), Mint (middle), Nest (right) 
 

In response to the growing environmental concerns, persuasive technologies are 

paving unique contributions into the realm of behavioral change towards more sustainable 

directions. As an umbrella term, persuasive technologies encapsulate several redundant 

techniques seen in eco-feedback and scripting designs. Any product that is designed to 

drive users’ behaviors to align with a product’s intent will incorporate some sort of 

persuasive experience. Of course, no matter how well-intentioned a product may be, the 

wrong design elements in a persuasive system may inadvertently foster contradictory 

actions that could promote opposite behaviors. As Fogg (2009) boldly asserts, what 

ultimately prevents a target behavior activation always leads back to some combination of 

the following elements of Fogg Behavioral Model—motivation, ability, and trigger. 

Although the aim of persuasive technologies for sustainability is to motivate users to adopt 

more pro-environmental behaviors, the central design challenge is how to engage apathetic 

people into practicing pro-environmental behaviors. After years of in field interventions, 

under certain circumstances, Fogg found that low levels of ability and motivation will not 
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immediately halt a behavior change. Instead, certain technology intervention can get by as 

long users are persuaded to learn new skills and if the key element, trigger (e.g., well-timed 

reminder), is correctly implemented in the design. The ideal design for behavioral change 

will synchronize all three elements to come together at once (Fogg, 2009). 

Design for Sustainable Behavior 

 

Only a handful of attempts have been made to capture scripting, eco-feedback, and 

persuasive technology into one encompassing framework. Lilley, Bhamra, and Lofthouse 

(2006) proposed a framework for designing behavioral change based on a comprehensive 

review of prior literature. The initial framework identified the following approaches from 

the literature—eco-feedback, behavior steering, and intelligence (See Figure 12). They later 

updated the framework (See Figure 13), replacing intelligent products with persuasive 

technology (Lilley, 2009). Figure 13 provides a description of the three approaches and 

showcases where the degree of power in decision-making lean towards (user v. product). 

Lilley recruited designers to participate in a series of case studies to explore how the 

application of one or more of the approaches described in Figure 13 could affect the 

behavior of interest—the reduction of mobile phone use in public areas. From the results of 

the study, Lilley generated an outline of ten attributes which had potential to increase the 

effectiveness of the technological intervention. Based on the evidence, a behavior changing 

device should: 

▪ Make resource use and resulting waste visible 

▪ Be coupled with eco-efficiency improvements 

▪ Provide tangible incentives and measurable outcomes 

▪ Use predominately positive (rather than negative) reinforcements 

▪ Avoid competing with other values 
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▪ Provide feedback in real-time 

▪ Ensure reinforcements are varied in frequency and modality 

▪ Adjust to respond to changes in user behavior 

▪ Not compete with, but be supported by, and support, the context of use 

▪ Be, as far as possible, ethical in their intent and predicated outcomes.  

The interviews with the designers revealed a trade-off between product 

effectiveness v. user acceptance (Lilley, 2009). Preference was shown for strategies that 

could elicit intended behaviors from users and assure user’s freedom of choice to interact 

in said behavior. In this case, eco-feedback was favored for not diminishing the user’s role 

in the decision-making process. The designers did note that while eco-feedback seem more 

acceptable, it ultimately places too much control on the user and weakens the effectiveness 

of prompting and ensuring behavioral changes. The level of effectiveness can increase with 

the introduction of real-time feedback so that the user may become aware long enough to 

be motivated to work towards the behavioral change. Ultimately, persuasive technology 

was found to have the most potential to implement and sustain pro-environmental 

behaviors.  

 
 

Figure 12. Strategies for designing sustainable behav ior (Lilley et al., 2006). 
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Figure 13. Updated strategies for designing sustainable behavior (Lilley, 2009).  
 
 

Eco-Feedback Interventions for Sustainable Behavior 

 

Environmental psychologists use the term intervention to cover regulations, policies, 

and education. In HCI, the meaning of the term is more directly connected to a product 

itself or the way a product changes users’ behavior (Lilley, 2009). Consequently, in this 

case, the context of the following works will relate to the design or product interventions. 

The studies highlighted below all influenced the experimental design and implementation 

of an intervention used in Study 3.  

SaveDrops  

 Sohn and Nam (2015a) investigated the effects of four eco-feedback design 

attributes on users’ reactions to water conservation. The four attributes of cognitive 

intervention are (Sohn & Nam, 2015b):Interpretation: Information can be interpreted by 

several ways. 

a. Fact: Raw data that is not interpreted at all (e.g., 10 liters) 
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b. Judgement: Information in a grade or a score (e.g., 6.3 out of 10 points) 

c. Evaluation: Interpretation necessary to give new type of meaning (e.g., 

water for saving six trees) 

2. Orientation: Can be understood as perspectives of information flow (e.g., water 

consumption expressed in neutral way or negative way) 

a. Neutral: Water consumed 

b. Negative: Water Remaining 

3. Representation Fidelity: How realistically content is expressed (e.g., water 

consumption represented conceptually with texts or more realistically with 

photos) 

a. Symbolic expression: Conceptual expression of the amount of water 

consumed in numbers and text  

b. Indexical expression: Realistic graphical expression of the amount of 

water consumed  

4. Degree of Exposure: How much a content is exposed to users (frequency, 

duration, or size of information).  

a. Frequent: Auditory alerts given for every 200 ml of water used 

b. Occasional: Auditory alerts given for every 2 liters of water used 

The in-lab experiment implemented a real-time feedback display system prototype 

(SaveDrops) on forty users. The design of the SaveDrops system consists of two water flow 

sensors, a control kit calculating and throwing values of sensors to a web server, a software 

application visualizing the feedback information, and a display (Figure 14). Figure 15 

shows an example of the SaveDrops display in use. 
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Figure 14. System configurations of SaveDrops. (Sohn & Nam, 2015a) 
 
 

 

Figure 15. SaveDrops display. (Sohn & Nam, 2015a) 

 
The final prototype incorporated 32 eco-feedback expressions of water 

consumptions (4 × 2 × 2 × 2) as represented by 16 visual stimuli. Although the expression 

differed between designs, all stimuli represented water consumption information as a user 

consumed 8.7 liters out of 10 liters. Simple auditory alerts (frequent & occasional) were also 
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paired with each stimulus. Figure 16 showcases the 16 visual stimuli containing the 32 

design combinations of the scales of interpretation, orientation, and representation fidelity. 

 

Figure 16. Sixteen design stimuli with different scales of interpretation, representation 
fidelity, and orientation. (Sohn & Nam, 2015a) 

 

 Participants were tasked with washing dishes (8 utensils including cups and plates); 

with each participant repeating four trials through different feedback designs. Due to time 

and adaptation issues, researchers implemented an incomplete block design (40 blocks 

were created) and evenly randomized the order of the stimuli so that each participant 

experience four types of interpretation (fact, judgement, environmental value evaluation, 

monetary value evaluation) at least once and two types of representation fidelity 
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(symbolic, indexical), orientation (neutral, negative), and degree of exposure (frequent, 

occasional) at least twice.   

 Out of the 16 eco-feedback designs, researchers found that the neutral graphical 

representation of the judgement interpretation saw the most water saving behavior as 

captured by the SaveDrops system (Figure 17). The degree of exposure was the only 

difference found between the most effective and most usable design. Although both design 

stimuli resulted in the most water saving behavioral changes, the frequent auditory alerts 

revealed more effective than the occasional alerts. It should be noted that despite the 

effectiveness, the frequent auditory alerts were deemed overly intrusive.  

The most intrusive combination on the other hand, contextualize water usage as a 

monetary and the least effective design forced users to interpret the graphic in relation to 

environmental value (Figure 18). Considering the quantitative results, participants 

reported a preference for the design patterns that presented a fact and monetary value. Out 

of the design patterns, the graphical neutral representation of the environmental value 

evaluation was found to be the least useful by users. The feedback of the environmental 

value was the least preferred design because a majority of participants did not resonate 

and empathize with the nature of the information shown. Only a handful (about 10%) of 

the participants found the environmental value design pattern worthwhile as a feedback 

tool. Figure 19 showcases the rest of the most and least effective design patterns for each 

criterion.  
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Figure 17. The most effective (left) and most useable (right) designs for reducing water 
consumption. Both designs had the same design elements with the exception of temporal 
differences. The left presented data on a frequent basis and the right presented data on an 

occasional basis. (Sohn & Nam, 2015a) 
 

  

Figure 18. The most intrusive (left) and least effective (right) designs for reducing water 
consumption. (Sohn & Nam, 2015a)  
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Figure 19. The most or least effective design patterns for each criterion (Top).                            
The effects of the scales of each attribute (Bottom). (Sohn & Nam, 2015a) 

E-COmate 

Most related works in sustainable research focused mostly on electricity usage, 

water usage, transportation, carbon tracking, and recycling (Froehlich et al., 2010; Lim et 

al., 2014). To our knowledge, only a handful of empirical works and industry white 

papers/case studies have invested interest concerning the issue of food waste. Even fewer 

are studies that combine persuasive technologies with eco-feedback strategies to influence 

users to make better food decision-making processes. Of the few, Lim et al. (2014) executed 

one of the first intervention studies that integrated eco-feedback strategies into the 
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prototype design. Similar to SaveDrops, Lim’s second eco-feedback system prototype also 

utilized a tablet computer to display metaphorical units of the weighted food waste (Lim et 

al., 2015; Sohn & Nam, 2015a).   

The prototype comprised a laptop computer with custom software and an enclosure 

containing a USB postal scale, an Arduino microprocessor and additional electronic parts 

(Figure 20). The laptop allowed users to manually indicate what items are thrown, whether 

the items were leftovers, and the quality of the item (bad, possibly bad, good). The bin 

system sensors automatically stored the date, time, and weighted food waste in grams after 

every disposal. Users are simultaneously given an LED eco-feedback of the waste weight 

visualized by the number of meals (every 700 grams of disposed waste equates to one 

meal) (see Figure 20). The prototype was employed to a household of four occupants (with 

the author of the study being one of the occupants). The system was used for two weeks, 

with the first weeks serving as the baseline measurement without any eco-feedback 

intervention. The second week collected data from the household with the eco-feedback. 

The small case study is far from empirical, however, it yielded interesting findings from an 

ethnographic research standpoint. Findings showed that the implementation of the eco-

feedback resulted in reported of changes in food preparation and handling of leftovers (e.g., 

paying closer attention to the amount of food being cooked and saving leftovers for another 

meal). Additionally, participants remarked higher self-reflection scores in the exit 

questionnaire when eco-feedback was present.  
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Figure 20. Prototype #1 Bin system (left). Eco-feedback showing metaphorical units of 
weighted waste (right). (Lim et al., 2014) 

 
Due to the limitation of the first prototype, Lim and et al. (2015) proposed a more 

robust design concept (E-COmate) to address some technical issues the first prototype 

encountered (i.e., software needed to be reset after once or several uses). The second eco-

feedback design system prototype introduced a more sophisticated visualization of the 

amount of meals wasted by replacing the rudimentary LED lights (Figure 21) with a 

software application running on a tablet device (Figure 22). 
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Figure 21. Prototype #2 E-COmate bin-scale system with a Rasperry Pi (Lim et al., 2015). 

 
The custom-built Android app displayed food waste data by two types of 

information feedback, social comparison with negative feedback relative to other users 

(Figure 22). E-COmate would display the number of potential servings as a metaphorical 

unit converted from the weight of the wasted food. This metaphor was chosen as an 

association with monetary loss, despite the literature specifying it was a weak strategy for 

behavior change (Bolderdijk et al., 2013). Meanwhile social influence (e.g., social 

comparison) would be implemented as a motivation technique to reduce consumption, 

citing it as a common strategy in eco-feedback research. Lim et al. (2015) did not provide 

enough sound empirical data from past works to justify the use benefits of these two types 

of feedback information.  
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Figure 22. Prototype #2 mockup of a display with a social comparison with negative 
feedback relative to other users. The radius of this blue circle presents others and is kept 

constant for simplicity and consistency. When users waste less than others, you and the red 
circle changes to green and the circle then falls inside the blue circle (Lim et al., 2015). 

 
 Although the prototype remains a concept and has yet been deployed, Lim et al. 

(2015) provided a unique intervention that could generate interesting findings for the 

effects of eco-feedback on sustainable attitude, awareness, and behaviors. Figure 23 

showed a proposed experimental design for one month of continuous use of the E-COmate 

bin-scale system. 
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Figure 23. Experimental Design of the prototype #2 E-COmate bin-scale system  
(Lim et al., 2015). 

 
Ambient Feedback 

Early research on energy consumption indicated clear effects of feedback 

intervention on energy conservations (Fischer, 2008). The focus of these earlier research 

was on relatively complex feedback mechanisms that involve prolonged cognitive 

processes from the user. Of course, researchers later found that attention cannot be 

sustained for an extended period of time without encountering loss of interest or 

motivation (Maan et al., 2011). Ambient feedback displays were introduce and designed to 

be visible at the periphery of human perception. Maan et al. (2011) investigated the 

influence of ambient feedback v. numeric feedback on household energy consumption of 

space heating. Ambient feedback was defined by three levels of energy consumption (see 

Figure 24). Although the numeric feedback was showed watt information that represented 

energy consumption and a high and low consumption reference value (see Figure 25).  
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It is important to note that the numeric feedback design in this study was much 

more complex than numeric feedback designs in related eco-feedback research (e.g., 

SaveDrops). The experiment was set up so that participants could conserve energy by 

setting temperatures on a central heating panel. Additionally, these tasks would provide 

participants with feedback about their energy consumption with either ambient lighting 

(i.e., change of color dependent on energy consumption) or numeric feedback. Maan et al. 

(2011) found results that indicated that cognitive load lessened with ambient lighting and 

that ambient feedback had stronger persuasive effects than numeric feedback.  

 

 

Figure 24. LED lamp projecting ambient light to indicate low, medium, or high energy 

consumption (Maan et al., 2011). 

 

 
Figure 25. Numeric feedback showed watt information that represented energy 

consumption and a high and low consumption reference value (Maan et al., 2011). 
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Metaphorical Feedback 

Similar to Maan et al. (2011), Montazeri et al. (2013) elaborates on the idea that we 

are bombarded with persuasive systems that often over stimulates the user’s attention. 

They argued that attention becomes a scarce resource and to draw attention, there needs 

to be interesting and fascinating enough to draw in curious users. The concept of 

metaphoric design concepts emerged to encourage mindful consumpt ion of napkins. 

Researchers hypothesized that a consumption-related metaphoric design can increase 

users’ awareness about their behavior and the consequences of overuse of paper on the 

environment. 

A field experiment was conducted to compare the effects of metaphorical concepts 

on napkin consumption. The study introduced three experimental metaphor conditions (no 

metaphor, conservation metaphor, and non-relevant metaphor). Figure 26 shows the 

regular dispenser and Figure 27 shows the conservation metaphor and non-relevant 

metaphor of the napkin dispensers.  

 
 

Figure 26. Regular napkin dispenser as baseline. (Montazeri et al., 2013) 
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Figure 27. Tree metaphor design on a napkin dispenser to encourage mindful 
consumption. Persuasive conservation metaphor (left) and metaphorical design 

(right). (Montazeri et al., 2013) 
 

 

Figure 28. Average napkin consumption across six experimental conditions 
(Montazeri et al., 2013). 
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The field experiment observed patrons at a coffee shop for six weeks using three 

different napkin dispensers at different weeks (see Figure 28 for the experimental 

timeline). The baseline measurement of the regular dispenser for the first week was 15 

bundles of napkin (1.4 napkins per person). However, consumption rates immediately 

dropped in the second and third week when the persuasive conservation metaphorical 

design was introduced. When the regular dispenser was reintroduced, researchers saw a 

spiked in consumption again. When the persuasive conservation metaphorical design was 

reintroduced, consumption dropped back down. During the final week, the non-persuasive 

metaphorical design was introduced, and napkin consumption rose once more.  

Case Studies for Leanpath & Winnow 

There are two commercial leaders in commercial food waste sector—Leanpath & 

Winnow. Both products accomplish the same outcomes, but patent rights restrict Leanpath 

to operate in the United States and Winnow to operate in European countries. Both 

products have had immense success in cafeterias and hotels. The waste-tracking data 

helped kitchen staff know what, when and why food is wasted. This ultimately helped 

stores like the IKEA Burbank, CA location to have a ROI of 232% in 2017 and the Fairmont 

the Palm hotel in Dubai, UAE to have an estimated saving of US $150,000 by the end of the 

year in 2017. See Figure 29 and Figure 30 for an example of the Leanpath and Winnow 

systems. 
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Figure 29. Right: Leanpath 360 is a robust, state-of-the-art food waste tracking 
terminal that includes a built-in scale, camera, and touchscreen user interface. 

Left: Leanpath 360FS is a floor scale smart meter that automatically records 
wasted food as it is discarded, saving time and seamlessly integrating with the 

kitchen workflow. 
 

  

Figure 30. Winnow utilizes a simple touchscreen to quickly identify the type of food 
thrown away and at what stage. Food waste is thrown away in the usual way into 

any bin, which is placed on the smart weighing meter technology. 
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Figure 31. IKEA Burbank food waste metrics with Leanpath. 
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SUMMARY OVERVIEW OF THE LITERATURE 

 

Sustainable HCI as a Platform for Change  

Food waste is a distinct part of the food loss cycle because of the underlying 

complex drivers (i.e., values, attitudes, and perceptions) that push consumers to discard 

otherwise perfectly safe and nutritious food at the end of the food supply chain (FAO, n.d.). 

Researchers from the multidisplinary field of human-computer-interaction (HCI) created a 

sub-field known as sustainable HCI to address environmental problems through 

technological interventions.  

The need to understand behavioral change in HCI has resulted in new design 

frameworks. Two of the widely used frameworks are the Fogg Behavior Model (FBM) and 

Persuasive System Design (PSD) (Fogg, 2009; Oinas-Kukkonen & Harjumaa, 2009). The 

PSD framework emerged to counter the shortcomings of FBM. One particular design 

dimension of the PSD framwork, dialogue support, addresses feedback as a way to help 

users reach their intended goal or target behavior.  

The Potential of Feedback in Behavioral Change  

Feedback within the sustainable HCI realm, referred to as eco-feedback, utilizes 

various motivation techniques found in behavioral psychology, such as informational 

feedback. (Froehlich et al., 2010). Its effectiveness varies by how transformative the 

information/data is to attract users’ attention (Froehlich et al., 2010). 

Opponents argue that eco-feedback has the potential to become a more approach, 

but informational data alone does not elicit appropriate actions from the user to change an 

unsustainable habit (Froehlich et al., 2010). Effectiveness of a behavioral change can 
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increase with the introduction of real-time feedback so that the user may acquire 

awareness and motivation to initiate behavioral change (Lilley, Bhamra, and Lofthouse, 

2006).  

Knowledge Gap & Research Opportunity 

Informational real-time eco-feedback can be presented in different forms (i.e., 

numeric, ambient, metaphoric) and researchers within the water and energy conservation 

domains have investigated various combinations to determine the most effective and most 

useful feedback. Although the HCI community has been beneficial to the sustainable food 

waste movement, there have been few practical applications that directly raise awareness 

and target sustainable behavioral change (e.g., minimization of food waste) (Ganglbauer et 

al., 2013). The few existing studies reveal promising findings (i.e., higher self-reflection), 

however, the studies were largely focused on the conceptualization of the prototypes 

without providing enough evidence-based research to validate the design elements of the 

feedback (Lim et al., 2014; Lim et al., 2015). This gap of knowledge presents an opportunity 

for researchers to investigate, given the increasing popularity of smart home technologies. 

To create an effective technological application, it is important to create validated design 

elements that could resonate well with users. Before that potential is achievable, sufficient 

understanding of the users’ food waste attitudes and awareness is essential in the 

discovery phase of the research development. 
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STUDY PURPOSE 

 

The overall purpose of this research is to explore a technological design solution to 

determine if there is value in the household space. As part of this discovery, our multi-

phase research was guided by the following questions— 1) What are the day-to-day habits 

that influences food waste? 2) What else can we learn from the food waste data when 

context is supplemented? 3) How can technology influence and encourage consumers to 

reduce food waste at home? 

• Study 1: A substantial portion of food waste occurs at the consumer level. The 

first study attempted to uncover common barriers that affect how Americans are 

handling and discarding food at home through survey distribution.  

• Study 2: Interviews will provide greater context and elicit details that are 

otherwise overlooked in survey responses. Data gathered in this phase 

supplemented the baseline understanding from survey data to create a more 

holistic understanding of the average American household.  

• Study 3. The final study introduced a proof-of-concept (PoC) technological 

solution into households to qualitatively explore viability and feasibility in a 

real-world scenario. The PoC synthesized real-time food waste data into three 

forms of eco-feedback (metaphoric, numeric, or ambient) for users to experience 

against a baseline (no feedback) period. The overall goal of this exploration was 

to understand if 1) the PoC could influence perceived changes in awareness and 

behaviors and 2) if any of the three eco-feedbacks were seen of value compared 

to having no feedback at all.  
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CHAPTER 3 

STUDY 1: ONLINE SURVEY 

Purpose 

This study used survey data as a reference point to understand how 

sociodemographic, core values (attitudes, awareness, behavior), and environmental 

commitment align in the daily routines of an average American citizen. Specifically, survey 

data gathered from Study 1 highlighted food waste generation and obstacles among a wide 

range of individuals. 

Method 

Participants. A total of 496 respondents submitted the survey. To ensure quality 

control, the raw dataset went through a data cleaning process prior to the analysis. Before 

the raw CSV file was imported into SPSS, the questions were renamed into appropriate 

variables string names (e.g., what is your education level = education). Categorical values 

were also renamed into appropriate string or numeric values (e.g., Strongly Agree = 5). 

Upon completion, the CSV file was imported into SPSS to examine if participants met the 

main study criteria (i.e., living in the US and English fluency). Those who did not reside in 

the U.S. or were not fluent in English were excluded. Additionally, responses with quick 

completion times (i.e., less than 10 mins) and straightline selections (i.e., choosing same 

answer choice repeatedly) were also excluded. Each variable was also examined using a 

frequency distribution procedure to check for errors (i.e., if values fall don’t within 

expected ranges) and missing data (i.e., participants that do not complete the survey). A 

total of 411 participants (71 male, 335 female) were kept for the analysis. The average age 
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of respondents was 29.83 years (SD = 9.92) and ranged from 18–71 years of age. See Tables 

1, 2, and 3 for a breakdown of select respondent characteristics by household composition.  

Respondents were recruited online via social media, online forums, word-of mouth 

and through friends/family. Physical flyers were posted on Wichita State University’s 

(WSU) main campus and surrounding local community hotspots. Figure 32 shows the 

distribution of respondent acquisition. WSU undergraduates could access the survey as 

part of course credits via an online experiment management system (SONA).  

 

 

Figure 32. Distribution of respondent acquisition  
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Table 1.  
Breakdown of Age, Gender and Household size by Household Composition 

Household Composition N 
Mean  
Age  

(SD) Female Male 
Mean 

Household (SD) 

Single1 61 30.4 12.2 85% 15% 1.3 0.6 

Single2 174 23.4 6.8 85% 16% 3.51 1.9 

Single with children1 3 40.3 3.2 33% 67% 2.0 1.0 

Single with children3 7 36.1 11.9 71% 29% 3.0 0.8 

Single with children2 5 23.0 3.9 80% 20% 5.8 2.7 

Married/or in domestic partnership4 90 36.5 12.8 79% 21% 2.06 0.3 

Married/or in domestic partnership2 7 30.1 3.0 71% 29% 4.57 2.0 

Married/or in domestic partnership with children4 54 37.0 7.5 78% 22% 4.02 1.1 

Married/or in domestic partnership with children2 6 33.2 11.0 67% 33% 5.83 2.1 

Other 4 34.8 11.0 75% 25% 2.25 1.2 

1 Living alone 
2 Living together with family members (parents, siblings, etc.) or roommate(s) 
3 Living together with children only 
4 Living together 

 
 
Table 2.  
Breakdown of Household Income by Household Composition 

  Household Income 

Household Composition N < $19k 
$20k–
$39k 

$40k – 

$59k 
$60k - 
$99k 

> $100k 
Prefer not 

to say 

Single1 61 28% 26% 12% 20% 8% 7% 

Single2 174 33% 12% 13% 13% 11% 19% 

Single with children1 3 0% 67% 33% 0% 0% 0% 

Single with children3 7 29% 14% 14% 14% 29% 0% 

Single with children2 5 0% 40% 20% 20% 0% 20% 

Married/or in domestic partnership4 90 7% 9% 12% 27% 40% 6% 

Married/or in domestic partnership2 7 0% 0% 0% 14% 86% 0% 

Married/or in domestic partnership with children4 54 2% 6% 6% 30% 54% 4% 

Married/or in domestic partnership with children2 6 17% 17% 33% 0% 33% 0% 

Other 4 25% 0% 50% 25% 0% 0% 

1 Living alone 
2 Living together with family members (parents, siblings, etc.) or roommate(s) 
3 Living together with children only 
4 Living together 
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Table 3.  
Breakdown of Basic Needs by Household Composition 

  Basic Needs 

Household Composition N 

I have 
plenty and 

lots to 
share 

I have    
plenty and 

some to 
share 

I have 
enough 

I have just 
enough if I 
stretch my 
resources 

I need 
some help 

Prefer 
not to 

say 

Single1 61 10% 38% 34% 10% 8% 0% 

Single2 174 15% 31% 36% 12% 5% 2% 

Single with children1 3 0% 33% 33% 33% 0% 0% 

Single with children3 7 14% 14% 43% 29% 0% 0% 

Single with children2 5 0% 20% 80% 0% 0% 0% 

Married/or in domestic partnership4 90 26% 47% 23% 3% 1% 0% 

Married/or in domestic partnership2 7 14% 57% 29% 0% 0% 0% 

Married/or in domestic partnership with children4 54 24% 37% 30% 9% 0% 0% 

Married/or in domestic partnership with children2 6 33% 33% 17% 17% 0% 0% 

Other 4 25% 50% 25% 0% 0% 0% 

1 Living alone 
2 Living together with family members (parents, siblings, etc.) or roommate(s) 
3 Living together with children only 
4 Living together 

 
 Procedure. Respondents answered up to 63 total questions (approximately 25 

mins to complete). In addition to demographics, the survey gathered insights on food 

disposal habits and attitudes (from Neff et al, 2015), diet composition, and environmental 

awareness/concerns (see Appendix A). Upon completion, participants had the option to 

enter a raffle (chance to be compensated with one of ten Amazon.com e-gift cards valued at 

$10) and/or participate in a follow-up 1-hour phone interview (guaranteed $50 

Amazon.com e-gift card compensation). Contact information were reserved from interested 

individuals.  

 Measures. The 63-item online survey instrument was created and administered 

using Qualtrics (https://www.qualtrics.com). Within categories/topics, question order was 

randomized. Table 4 showcases select excerpts (see Appendix A for full survey).  
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Table 4.  
Excerpts from the 63-item survey 
 

1. In the past year, have you seen or heard anything in the news, social media, or elsewhere 

about the issue of foo that is thrown out or otherwise not eaten by humans? (Sometimes 

referred to as “wasted food”) 

2. Of all the food that is produced for human consumption in the U.S. each year, about what 

percent would you guess is discarded or not eaten by humans? (Do not include inedible 

food scraps and bones in your estimate). 

3. Do you make different decisions about whether to eat foods depending on whether the 

date label says, “use by,” “sell by,” or “best before”? 

4. How often do you and/or your household members do the following with food?  

(Rarely or never, Sometimes, Often, Not applicable) 

a.    Freeze fish if you think you will not be able to eat it in time 

b.    Use leftovers or food scraps as ingredients in future meals 

c.    Prioritize eating leftovers and foods close to expiration or spoilage 

d.    Eat at home if you have food to use up, even if you feel like going out 

e.    Make too much food 

 

5. Following are some statements about throwing away food. Please indicate whether you 

agree or disagree. 
 

(Agree, Disagree, Don't Know, Not applicable) 

a. I don’t have enough time for the actions that would prevent throwing out food   

b. I don’t think the amount of food I throw away costs me much money   

c. My household’s uneaten food is composted, throwing it out doesn’t bother me   

d. I want to eat only the freshest foods   

e. I sometimes throw out food because I worry about food poisoning 

 

Data Analysis  

 Descriptive statistics were analyzed with IBM SPSS Statistics (Version 28). Means 

and categorical frequency counts (shown in percentages) captured distributions including: 

• Diet composition 

• Household responsibility 

• Shopping and preparation 
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• Food waste awareness and knowledge 

• Food waste attitudes and motivations 

• Food waste behaviors 

• Recommendations and requests 

Cross-tabulations summarized data into a digestible matrix table to determine if 

associations are present between multiple variables related to respondents’ perceived 

behaviors and sentiments. Chi-square tests of independence tested these associations with 

statistical significance determined by an alpha level of p < .05. 

Results 

Table 1, 2, and 3 describe select characteristics of the sample of 411 respondents by 

household composition.  

Diet Composition. The survey captured respondents’ current diet composition. A 

majority (78%) of respondents consume a typical omnivorous diet. The remaining 

reported following stricter dietary lifestyles: 11% vegan (no meat and its byproducts), 6% 

vegetarian (no meat, eggs/diary consumed), and 4% pescatarian (no land meat, 

seafood/eggs/diary consumed). About 1% of respondents reported other with write-in 

responses that included flexitarian, keto, gluten free, and low carb.  

Household Responsibility. In terms of household responsibilities, about half of 

respondents reported doing all or most of household pantry/fridge organization (52%), 

cooking (45%), and shopping (45%). A third reported participating in about half of 

household responsibilities: pantry/fridge organization (34%), cooking (30%), and 

shopping (36%). The remaining respondents reported someone else doing all or most of 
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the household chores: pantry/fridge organization (14%), cooking (24%), and shopping 

(19%). Figure 33 shows the distribution.  

 

Figure 33. Reported household responsibility 

Respondents reported cooking frequency and preferences, with most respondents 

cooking regularly—several times a week (50%) and daily (27%). Those who do not 

partake in the activity as consistently reported cooking once a week (15%) or less than 

once a week (9%). More respondents were keen of the activity, with 41% liking and 25% 

loving the experience. About 22% disclosed impartiality and the remaining held an 

aversion to the chore (8% dislike, 4% hate). Figure 34 shows the distribution.  

        

Figure 34. Reported cooking frequency and preferences 
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Shopping and Preparation. Figure 35 shows a detailed grocery item breakdown 

and purchase frequency. Highly perishable items such as fresh meats, fruits/vegetables, 

dairy, and eggs are purchased more frequently (daily, several times a week). Fruits and 

vegetables are replenished the most often. Interestingly, fresh seafood is purchase less 

often than fresh meats.  

 

Figure 35. Reported purchase frequency 
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Respondents indicated their likelihood of carrying out a variety of food shopping 

(Figure 36) and food preparation behaviors (Figure 37). Behaviors marked with (*) are 

characterized as positive (waste-reducing) while the remaining statements indicate waste-

promoting sentiments.  

The reported responses imply more waste-reducing actions central to pre-planning 

techniques (making a shopping list, estimating items needed, checking pantry/fridge, 

planning meals for shopping list, sticking to shopping list) and cost-saving techniques 

(prioritizing eating leftovers/items close to spoilage, freezing items close to spoilage, eating 

at home, repurposing leftovers in new meals). 

However, a proportion of respondents confessed to an occasional waste-promoting 

action such as shopping on an empty stomach, choosing value sizes/packages, over-

purchasing sale items, and giving into impulsive purchases. A substantial portion of 

respondents sporadically forget about items in their fridge, prepare in excess by accident, 

leave behind untouched leftovers, run out of time to use ingredients before spoilage, and 

throw out unsalvageable recipes/meals that do not meet taste expectations.  
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Figure 36. Reported shopping behaviors. 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Due to sales, buy more food than you 
are likely to use before it spoils

Shop on an empty stomach

Get tempted in the store and buy appealing 
products that may not be eaten

Due to the way food is packaged, buy food in larger 
packages than you are likely to use before it spoils

*Stick to your shopping list in the store

*Plan your meals before shopping

*Check to see what is in your refrigerator and 
cupboards before you go shopping

*Estimate how much of various items you will
need before shopping

*Make a shopping list

SHOPPING BEHAVIORS 

Always Often Sometimes Rarely Never N/A
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Figure 37. Reported food preparation behaviors. 
 

Awareness and Knowledge. Most respondents (74%) indicated that they have 

seen/heard of the term wasted food and/or information about its impact within the past 

year (Figure 38). However, more than half (58%) have not sought out additional 

information to reduce their individual household food waste contribution. Additionally, the 

survey gauged their knowledge on food waste reduction techniques and more respondents 

reported themselves as fairly knowledgeable (39%) or somewhat knowledgeable (38%). 

The remaining 22% were split between very (12%) and not very (10%) knowledgeable 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Throw away food because a new recipe or 
unfamiliar item did not taste good

Eat when you are not hungry to 
avoid wasting food

Not cook food before it goes bad

Throw away leftovers because no one 
wanted to eat them

Make too much food

Forget about items in your fridge until 
they are too old to eat

*Use leftovers or food scraps as ingredients 
in future meals

*Eat at home if you have food to use up, 
even if you feel like going out

*Freeze fish if you think you will not be 
able to eat it in time

*Prioritize eating leftovers and foods 
close to expiration or spoilage

FOOD PREPARATION BEHAVIORS 

Often Sometimes Rarely or never N/A
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(Figure39). Based on the various techniques used to verify freshness of foods before eating, 

the most popular technique is to visually inspect, smell, and/or taste the item (42%). The 

next most popular technique is to go by the use by date (27%) (Figure 40). 

 

 

Figure 38. Reported food waste awareness. 

 

 

Figure 39. Reported food waste knowledge. 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Seek Food Waste
Information

Seen/Heard About Food
Waste Impact

FOOD WASTE AWARENESS

Yes No Not Sure

0% 10% 20% 30% 40% 50%

Very Knowledgeable

Fairly Knowledgeable

Somewhat Knowledgeable

Not Very Knowledgeable

FOOD WASTE KNOWLEDGE
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Figure 40. Reported strategies to detect spoiled food. 

 

The survey also captured perceived estimates of the food wasted nationally and 

individually each year (Figure 41 and 42). As shown in the two figures, respondents 

estimated that they participated in less waste (50% reporting at most 10% contribution) 

than at the approximated national average (52% reporting the 40% edible food is left 

uneaten in the U.S.). 65% believed they wasted less than the average American compared 

to the 7% that indicated wasting more. 28% of respondents reported wasting around the 

same amount of edible food as the average American. When asked how much can be 

avoided, most reported a fair amount (42%) and a little (39%). Only 16% reported a lot of 

waste can be avoided and 4% believed food waste is unavoidable.  

0% 10% 20% 30% 40% 50%

Look at “sell by” date

Think about how it has been stored (e.g., whether it
got left out of the refrigerator)

Think about how long it has been open
or in my home

Look at “use by” date

Use my senses (smell, taste, or look at it)

HOW SPOILED FOOD IS DETECTED
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Figure 41 and 42. Reported estimates for national and household food waste contributions. 

 

Attitudes and Motivations. To understand general waste attitudes, respondents 

reported which of five environmentally wasteful scenario bothered them the most (Figure 

43). Out of the five scenarios, respondents were most bothered by water waste 

(unintended faucet drip) with 72% reporting that it bothered them a lot. Respondents were 

slightly less bothered by food waste (discarding uneaten food) and energy waste (leaving 

lights on in an empty room), at 57% and 51% respectively. Regarding apathy, water waste 

still showed higher concerns, with about 4% reporting no concerns about water waste 

compared to the 8% that did not care about food waste and 10% for energy waste.  

 

 

GUESS THE NATIONAL FOOD 
WASTE CONTRIBUTION

5% 10% 20% 40% 60% I have no idea

GUESS YOUR HOUSEHOLD FOOD 
WASTE CONTRIBUTION

0% 10% 20% 30% 40% 50%
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Figure 43. Reported agreement with statements on wasteful actions. 

 

In addition, statements pertaining to motivations were rated in terms of importance. 

As shown in Figure 44, statements tied to self-interests such as monetary motivation (55%) 

were ranked as most important followed by future state goals of setting an example for 

children (47%). External reasons like natural resource expenditures (31%) did not indicate 

the same level of importance to motivate food waste reduction.  

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Buying books that are rarely or never used

Buying clothes that are rarely or never worn

Leaving the lights on in an empty room

Throwing out food from the fridge because it wasn't 
eaten

Letting the faucet drip

BOTHERS YOU 

Bothers me a lot Bothers me a little Does not bother me at all
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Figure 44. Reported motivations to reduce food discards. 

 

Figure 45 shows a range of acceptance to statements related to discarding food at 

the individual level. Respondents found common grounds the following— worries about 

food contamination and the associated side effects (65%), thinks about monetary loss 

(69%), thinks about time associated with prevention (76%), lack of judgement from 

housemates (79%), worries in spite potential composting (81%), and belief in individual 

action making a difference (83%).  

 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Feeling regret about time spent shopping, storing, or 
preparing food not eaten

Thinking about the greenhouse gases, energy and water 
resources it took to get the food to my plate

Thinking about people without enough to eat

Thinking about the idea that I can make a difference 
through my actions

Feeling guilty about waste in general

Wanting to manage my home efficiently

Wanting to set an example for my children

Thinking about the possibility of saving money

MOTIVATIONS TO REDUCE FOOD DISCARDS 

Very important Important Somewhat important Not at all important N/A
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Figure 45. Reported agreement with statements related to discarding food. 

 

Food Waste Behaviors. Respondents were asked to indicate the frequency with 

which items are thrown out most in their household (Figure 46). Responses seem to 

indicate low volume of self-reported food wasted among package foods (53% none, 27% 

hardly any) and perishables such as fresh/frozen meat (41% none, 27% hardly any) milk 

(52% none, 18% hardly any), and bread (46% none, 27% hardly any). Fresh 

fruits/vegetables and home-made meals (which can comprise of these individual items) do 

0% 20% 40% 60% 80% 100%

Given the amount of food that is thrown out in this country, 
my individual actions would not make much difference

My household's uneaten food is composted, so throwing it 
out does not bother me

Other people in my household don't like when I try to use 
up older food

Food is natural and breaks down in the landfill, so throwing 
it out does not bother me

I don't have enough time for the actions that would prevent 
throwing out food

I don't think the amount of food I throw away costs me 
much money

I want to eat only the freshest foods

I sometimes throw out food because I worry about food 
poisoning

STATEMENTS RELATED TO DISCARDING FOOD 

Agree Disagree Don't know N/A
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get wasted a bit more often (fruits/vegs, 39% sometimes & 10% a fair amount) and (home-

made, 33% sometimes & 11% a fair amount).  

 

 

 
 

Figure 46. Reported frequency of discarded items 

 

 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Packaged foods meant to be stored outside the fridge 
(like breakfast cereal, cookies, canned vegetables)

Meat

Milk

Home-made meals

Bread

Fruit/vegetables

HOW OFTEN THESE ITEMS ARE THROWN OUT 

A lot A fair amount Some Hardly any None We don’t eat this food
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Figure 47. Reported frequencies of where food waste ends up. 

 

Recommendations and Requests. To understand what changes would be useful to 

reducing their household food, respondents were shown a list of potential grocery store 

solutions and asked to consider changes they would find useful (Figure 48). Results did not 

yield a large consensus on useful changes, but the most popular to consider may be to offer 

more food in resealable packages (22%), discounts on near-expired food (20%), delayable 

special offers (20%), more packaging size variety (19%) and more bulk food bin 

availability (18%). Since 19% of responses indicated a semblance of interest in seeing 

packaging size varieties, the survey was also able to capture what products could be sold in 

smaller sizes. (Figure 49). To understand what kinds of material would serve as useful 

education briefs, respondents selected from the following list shown in Figure 50.  

0% 10% 20% 30% 40% 50% 60%

Other

Compost pickup

Home compost bin

Feed to pet/livestock

Garbage disposal in sink

Trash

WHERE FOOD WASTE ENDS UP
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Figure 48. Reported changes consumers want to see at retail. 

 

 

 
 

Figure 49. Reported items consumers want to see sold in smaller packaging. 

 

 

0% 5% 10% 15% 20% 25%

None of the above

Other

"Bulk Food" bins where I can scoop out exactly the amount I
need (for instance, for spices, flour, sugar, etc.)

More variety in product sizes

“Buy one, get one later” offers, rather than “buy one, get 
one free.”

Discounts on over-ripe produce or food near its expiration
date

More foods offered in resealable packages

CHANGES WISH TO SEE IMPLEMENTED

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Cheese

Meat

Bagged salads

Baked goods

Bread

ITEMS WISH TO SEE/SOLD IN SMALLER PRODUCTS 

Yes No I don't buy/eat this food



 

 79 

 
 

Figure 50. Reported information consumers find helpful. 

 

Environmental Attitudes and Awareness. To gauge respondents’ environmental 

attitudes and awareness the revised NEP (New Environmental Paradigm) scale was used 

(Dunlap et al., 2000). Respondents indicated their agreement or disagreement with the set 

of statements (Figure 51). Disagreeing with (indicated by an asterisk) statements and 

agreeing with statements (sans asterisk) are characterized as pro-environmental 

sentiments (waste-reducing).  

As shown in Figure x, the (*) statements yielded less cohesion compared to 

statements sans (*). For instance, more respondents agreed with anti-environmental 

sentiment (21% strongly agree, 34% mildly agree) for the statement “The earth has plenty 

of natural resources if we just learn how to develop them”. Other (*) statements showcased 

more indecisiveness, including “Humans will insure that we do NOT make the earth 

0% 5% 10% 15% 20%

Other information

I wouldn't want any information

How to interpret food date labels (use by, sell by, etc.)

Apps to help with shopping or portion planning

What foods are dangerous when spoiled versus
simply distasteful

Recipes to help you use up food

How to store specific items

What can be frozen and for how long

HELPFUL INFORMATION TO EDUCATE MYSELF
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unlivable “ (42% unsure, 19% mildly agree, 21% mildly disagree), “Humans will eventually 

learn enough about how nature works to be able to control it” (31% unsure, 17% mildly 

agree, 30% mildly disagree), “The balance of nature is strong enough to cope with the 

impacts of modern industrial nations” (22% unsure, 13% mildly agree, 28% mildly 

disagree), “Humans have the right to modify the natural environment to suit their needs” 

(21% unsure, 25% mildly agree, 31% mildly disagree). The only (*) statement that 

showcased a higher leaning towards pro-environmental sentiment is “The so-called 

ecological crisis facing humankind has been greatly exaggerated” (24% unsure, 22% mildly 

disagree, 43% strongly disagree).  
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Figure 51. Reported environmental awareness. 

 

 

0% 20% 40% 60% 80% 100%

*Humans will eventually learn enough about 
how nature works to be able to control it

*The balance of nature is strong enough to 
cope with the impacts of modern industrial nations

*The so-called "ecological crisis" facing 
humankind has been greatly exaggerated

*Humans were meant to rule over the rest of nature

*Humans have the right to modify the natural 
environment to suit their needs

*Human ingenuity will insure that we 
do NOT make the earth unlivable

*The earth has plenty of natural resources 
if we just learn how to develop them

The earth is like a spaceship with very 
limited room and resources

We are approaching the limit of the 
number of people the earth can support

The balance of nature is very delicate and easily upset

When humans interfere with nature it 
often produces disastrous consequences

If things continue on their present course, 
we will soon experience a major ecological catastrophe

Despite our special abilities humans are still 
subject to the laws of nature

Plants and animals have as much right as humans to exist

Humans are severely abusing the environment

ENVIRONMENTAL AWARENESS 

Strongly agree Mildly agree Unsure Mildly disagree Strongly disagree
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Some associations were found between the eight select food waste statements and 

respondents’ perceived waste reduction behaviors and knowledge. Chi-square tests of 

independence tested these associations with statistical significance determined by p < .05 

and Cramer’s V to determine size of effect. As shown in Table 5, this effort to minimize food 

waste was moderately associated with seen/heard about food waste χ(6) = 25.54 , p < .001, 

seek out information about food waste χ(3) = 24.27, p < .001, estimate of their own 

household food waste χ(21) = 54.66, p < .001, and amount they throw away compared to 

average American χ(6) = 44.65, p < .001.  

Table 6 shows that perceived difficulty of reducing food waste was weakly 

associated with estimate of their own household food waste χ(28) = 61.13 , p < .001 and 

moderately associated with amount they throw away compared to average American χ(8) 

= 56.92, p < .001. Lastly, current food waste knowledge was moderately associated with 

seen/heard about food waste χ(6) = 21.49, p < .001, seek out information about food waste 

χ(3) = 19.97, p < .001, and amount of food waste that could be avoided χ(9) = 24.25, p < .01 

(Table 7).  
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Table 5.  
Chi-square tests1 

 
 How much effort do you currently make, to minimize                        

the amount of food you throw away? 

Food waste statements  None A little 
A medium 

amount 
A lot 

In the past year, have you seen or heard 
anything in the news, social media, or 
elsewhere about the issue of food that is 
thrown out or otherwise not eaten by 
humans? (Sometimes referred to as 
"wasted food") 

Yes 2%** 27%** 46%** 25%** 

No 9%** 43%** 37%** 10%** 

Not sure 3%** 51%** 28%** 18%** 

In the past year, have you sought out any 
information about ways to reduce the 
amount of food you throw away? 

Yes 1%** 23%** 44%** 32%** 
No 5%** 38%** 43%** 15%** 

Of all the food that is produced for human 
consumption in the U.S. each year, about 
what percent would you guess is discarded 
or not eaten by humans? (Do not include 
inedible food scraps and bones in your 
estimate). 

5% 0% 50% 50% 0% 
10% 0% 63% 38% 0% 

20% 4% 38% 44% 13% 

40% 2% 29% 47% 22% 

60% 4% 31% 37% 28% 

I have no idea 15% 23% 31% 31% 

How much of this (throwing out food) 
could have been avoided? 

None 0% 14% 21% 64% 

A little 4% 28% 39% 29% 

A fair amount 3% 38% 47% 13% 

A lot 3% 30% 47% 20% 

About what percent of all the food that 
comes into your household is later thrown 
away? Give your best estimate. 

0% 0%** 17%** 17%** 67%** 

10% 1%** 29%** 42%** 29%** 

20% 3%** 34%** 47%** 15%** 

30% 13%** 42%** 42%** 4%** 

40% 6%** 38%** 44%** 13%** 

50% 17%** 33%** 50%** 0%** 

More than 50% 0%** 100%** 0%** 0%** 

Do you think the amount of food you throw 
out is (More, The same, Less) than the 
average American? 

More 7%** 54%** 32%** 7%** 
The same 4%** 48%** 41%** 7%** 

Less 3%** 23%** 45%** 29%** 

Do you pay attention to date labels on food, 
such as "use by""sell by" and "best before"? Yes 4% 32% 43% 22% 

No 2% 33% 47% 19% 

Do you make different decisions about 
whether to eat foods depending on 
whether the date label says, “use by,” “sell 
by,” or “best before”? 

Yes 4% 32% 43% 21% 
No 3% 32% 42% 23% 

**p < .001 
*p < .01 
1For each chi-square test, the percentages shown represent column proportions 
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Table 6.  
Chi-square tests1 

 
 Imagine your household decided to significantly reduce the amount 

of food that gets thrown out. How difficult would it be to do that? 

Food waste statements  Very difficult Difficult 
Neither 

difficult nor 
easy 

Easy Very easy 

In the past year, have you seen or 
heard anything in the news, social 
media, or elsewhere about the issue of 
food that is thrown out or otherwise 
not eaten by humans? (Sometimes 
referred to as "wasted food") 

Yes 4% 21% 39% 29% 8% 

No 0% 30% 37% 24% 9% 

Not sure 0% 23% 39% 33% 5% 

In the past year, have you sought out 
any information about ways to reduce 
the amount of food you throw away? 

Yes 2% 21% 35% 32% 10% 
No 4% 23% 41% 26% 6% 

Of all the food that is produced for 
human consumption in the U.S. each 
year, about what percent would you 
guess is discarded or not eaten by 
humans? (Do not include inedible food 
scraps and bones in your estimate). 

5% 0% 50% 0% 50% 0% 

10% 0% 25% 0% 50% 25% 

20% 3% 28% 43% 24% 3% 

40% 3% 23% 40% 27% 8% 

60% 5% 16% 39% 29% 11% 

I have no idea 0% 31% 23% 46% 0% 

How much of this (throwing out food) 
could have been avoided? 

None 7% 7% 29% 29% 29% 
A little 1% 19% 41% 27% 12% 

A fair amount 4% 27% 41% 27% 3% 

A lot 6% 23% 29% 36% 6%** 

About what percent of all the food that 
comes into your household is later 
thrown away? Give your best estimate. 

0% 0%** 17%** 50%** 17%** 17%** 

10% 1%** 18%** 38%** 32%** 11%** 

20% 2%** 26%** 41%** 28%** 3%** 

30% 6%** 33%** 38%** 19%** 4%** 

40% 13%** 31%** 38%** 19%** 0%** 

50% 33%** 33%** 33%** 0%** 0%** 

More than 50% 0%** 0%** 0%** 100%** 0%** 

Do you think the amount of food you 
throw out is (More, The same, Less) 
than the average American? 

More 18%** 29%** 21%** 29%** 4%** 
The same 4%** 35%** 43%** 16%** 2%** 

Less 1%** 16%** 38%** 34%** 11%** 

Do you pay attention to date labels on 
food, such as "use by""sell by" and 
"best before"? 

Yes 4% 23% 38% 28% 7% 
No 0% 14% 40% 30% 16% 

Do you make different decisions about 
whether to eat foods depending on 
whether the date label says, “use by,” 
“sell by,” or “best before”? 

Yes 3% 25% 39% 26% 7% 
No 4% 15% 36% 35% 11% 

**p < .001 
*p < .01 
1For each chi-square test, the percentages shown represent column proportions 
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Table 7.  
Chi-square tests1 

 
 How knowledgeable do you feel you are about how to reduce the 

amount of food you throw out? 

Food waste statements  
Very 

knowledgeable 
Fairly 

knowledgeable 
Somewhat 

knowledgeable 
Not very 

knowledgeable 

In the past year, have you seen or heard 
anything in the news, social media, or 
elsewhere about the issue of food that is 
thrown out or otherwise not eaten by 
humans? (Sometimes referred to as 
"wasted food") 

Yes 14%** 41%** 38%** 7%** 

No 5%** 39%** 36%** 21%** 

Not sure 8%** 28%** 44%** 21%** 

In the past year, have you sought out 
any information about ways to reduce 
the amount of food you throw away? 

Yes 19%** 40%** 36%** 5%** 
No 8%** 39%** 39%** 15%** 

Of all the food that is produced for 
human consumption in the U.S. each 
year, about what percent would you 
guess is discarded or not eaten by 
humans? (Do not include inedible food 
scraps and bones in your estimate). 

5% 50% 0% 50% 0% 

10% 13% 38% 25% 25% 

20% 4% 44% 38% 13% 

40% 12% 40% 40% 8% 

60% 15% 39% 36% 10% 

I have no idea 23% 23% 31% 23% 

How much of this (throwing out food) 
could have been avoided? 

None 43%* 43%* 7%* 7%* 

A little 17%* 39%* 35%* 10%* 

A fair amount 6%* 42%* 41%* 12%* 

A lot 11%* 35%* 46%* 9%* 

About what percent of all the food that 
comes into your household is later 
thrown away? Give your best estimate. 

0% 33% 50% 17% 0% 

10% 16% 41% 36% 7% 

20% 5% 41% 41% 14% 

30% 8% 35% 42% 15% 

40% 13% 25% 50% 13% 

50% 17% 33% 33% 17% 

More than 
50% 

0% 0% 100% 0% 

Do you think the amount of food you 
throw out is (More, The same, Less) 
than the average American? 

More 7% 36% 43% 14% 
The same 7% 38% 40% 15% 

Less 15% 41% 36% 8% 

Do you pay attention to date labels on 
food, such as "use by""sell by" and "best 
before"? 

Yes 12% 39% 38% 11% 
No 12% 40% 40% 9% 

Do you make different decisions about 
whether to eat foods depending on 
whether the date label says, “use by,” 
“sell by,” or “best before”? 

Yes 11% 41% 37% 11% 
No 16% 35% 41% 8% 

**p < .001 
*p < .01 
1For each chi-square test, the percentages shown represent column proportions 
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Discussion 

 

 The survey captured a wide range of socioeconomic characteristics, dietary and 

food-related responsibilities from individuals within the United States. These demographic 

details created a more holistic baseline understanding of food waste attitudes, awareness, 

knowledge, motivations, and behaviors to help guide the overall research discovery. 

Respondents came from diverse households and dietary preferences, but insights 

uncovered some prevalent beliefs and actions (e.g., when it comes to wasted food, 65% of 

respondents throw out food because of food contamination worries). 

Household Characteristics & Food Practices 

In terms of dietary standards, most respondents followed a standard omnivorous 

diet and were primarily unrestrictive to specific food groups. A majority partook in half or 

all of the household pantry/fridge reorganizing, grocery shopping and cooking. However, 

almost a quarter are relying on other household members to complete these chores. 

Homecooked meals occurs on most days and cooking is mostly enjoyed as an activity. Of all 

typical grocery trips, highly perishables ingredients tend to be purchased most frequently 

(daily or several times a week), with fruits/vegetables trailing first in replenishment.  

A proportion of respondents confessed to an occasional waste-promoting action 

(e.g., forgetting/running out of time to use ingredients before spoilage), but more reported 

waste-reducing actions central to pre-planning techniques (e.g., making a shopping list) 

and cost-saving techniques (e.g., prioritizing eating leftovers/items close to spoilage).  

Contradictory Food Waste Attitudes & Motives 

Waste Reducing Efforts. Respondents had a contradictory triad of attitudes, 

awareness, and behaviors. They generally recognize the concept of food waste and feel 
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relatively informed. However, they significantly underreported their contribution (10%) 

when comparing themselves to the national average (30%–40%). That said, our sample 

may have overreported their waste-reducing efforts as their optimistic self-report 

highlights why more than half (58%) have not sought out additional educational resources 

despite 42% of respondents reporting that a fair amount of their household food waste 

could be avoided (fruits/vegetables and home-made meals often the culprit).  

Potential Motivation & Rationalization. The proportion of avoidable food waste 

(42% fair amount) align with their attitudes, with only 57% of respondents feeling 

bothered by discarding uneaten food (food waste) in comparison to leaving the faucet 

dripping (water waste). It is plausible that motivation may partially explain this cognitive 

dissonance. Although the survey was not able to capture why monetary savings is a 

potentially crucial motivator to reduce, it was ranked highest in terms of importance 

compared to time spent shopping/preparing the food or the natural resources it took to get 

the food to their plates. Of course, rationalization also played a part in this disconnection, 

with many prioritizing food safety concerns over monetary loss and internal/external guilt. 

Because food safety is recognized as such a high priority, it is not surprising to see 

respondents asking to learn more about the distinction between questionable v. dangerous, 

proper storage to prolong shelf-life, and date labels best practices. 

 Suggested Changes v. Unclear Intent. Respondents believed that changes can be 

made at the retail level and presumed that implementation of changes could mitigate 

overall food waste. The most popular consideration (offering more food in resealable 

packages) has a more subtle impact on limiting food waste, since improper storage does 

ultimately affect the shelf-life of freshness. Interestingly, there is a modest demand to see 
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more grocery discounts on near-expiring food, but the survey was unable to capture 

whether respondents would purchase these near-expiring items and plan meals around the 

item in time to avoid unintended waste and costs. 

Key Takeaways 

Based on what was reported from the survey data, we can surmise that our 

respondents’ food practices were greatly influenced by household circumstances, resulting 

in a paradoxical relation between food waste attitudes and food waste reducing behaviors.  

Our findings showed that respondents perceived themselves more positively—with 

50% reporting only 10% food waste contribution and 65% self-reporting fewer food waste 

than the average American. However, this optimistic view directly conflicts with their 

reported waste reducing efforts (e.g., 42% of respondents reporting that a fair amount of 

their household food waste could be avoided). These results coincide with findings 

reported in past studies, with Neff et al. (2015) also finding 73% of their sample believing 

they discard less than the average American. Reports of minimal food waste contribution 

was also found within the recent disruption of the COVID-19 pandemic worldwide, with 

62% of U.S. respondents reporting lower perceived food waste contributions at the start of 

the pandemic (Rodgers et al., 2021).  

Although circumstances differ greatly as a result of the pandemic’s effect on the 

economy and its industrial food sectors, findings showed the importance of household 

circumstances and its effect on food waste attitudes and behaviors. Under the forced locked 

down, reported changes in household dynamics impacted household food consumption in 

2020 due to limited in-store grocery trips, which positively affected shopping planning, 

food control, and leftover reuse at home (Amicarelli & Bux, 2021).  
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Ultimately, Study 1 provided insightful understanding of household food waste. 

Although we were unable to attain a broader representation of the general population, the 

findings still reveal important details that aided in the research discovery. Specifically, we 

were able to narrow down general food practices and food waste attitudes, awareness, and 

behaviors. As the world reopens and COVID-19 restrictions lessen, trends that emerged 

under the work-from-home phenomenon such as limited in-store trips, more time to cook, 

and more time to be creative with food will inevitably shift back to or closer to normalcy. 

Discoveries from Study 1 serves as a useful starting point to understand potential 

influences of food waste reduction, such as the role household upbringing/composition, 

dietary preferences, shopping/cooking behaviors, food organization 

habits/responsibilities, and food waste knowledge, awareness, and contribution. 

Importantly, however, these findings can only extract characteristics within the constraints 

of a framed survey question. To uncover nuances within our food waste survey data, 

interviews were integrated into phase two of the research discovery to contextualize data 

from complex household circumstances.  

  



 

 90 

CHAPTER 4 

STUDY 2: INTERVIEWS 

Purpose 

 

Study 1 revealed some discrepancies between respondents’ attitudes, awareness, 

and behaviors. Respondents showcased idealistic self-reports and demands without the 

added context of conditional circumstances. They may want to see retailers offer 

aggressive discounts on near-expiring foods, but the lack of follow-ups to inquire if type of 

food matters, what their likelihood of purchase may be, or if they had any experience 

utilizing discounted near-expired ingredients meant more assumptions for the researchers 

than direct answers from respondents. Although surveys can serve as credible baseline 

data, interviews will strengthen the insights with supplemental context. 

Semi-structured interviews (also referred to as informal, conversational, or soft 

interviews) are one of the most used qualitative methods in social science, as conversations 

often elicit excellent details that are occasionally overlooked in survey data and formally 

structured interviews (Kitchin & Tate, 2000). Although a list of predetermined questions 

can be prepared as prompts, semi-structured interviews provide participants a space to 

freely express their experience, thoughts, and feelings (Clifford et al., 2016).  

Method 

Participants. 12 respondents from Study 1 were recruited for Study 2 (See table 8). 

Sample size was determined by thematic saturation (i.e., no new data, no new themes, no 

new codes) which may be reached at 10 interviews (Vasileiou et al., 2018). Indiv interviews 

(Vasileiou et al., 2018). Individuals iduals were additionally screened prior to the phone 
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interview session. The interview took approximately 60–75 min to complete and 

participants were compensated with a $50 Amazon.com e-gift card.  

Table 8.  
Breakdown of Demographics by Age, Gender, Residence, Income, Basic Needs, and Household Composition 

    P# Age Gender Residence 
Household      

Income Basic Needs Household 
Composition 

1 25 Female Nonmetropolitan < $19,000 
I have plenty & some to 

share 
Married/or in domestic 

partnership3 

2 27 Female Suburban $60,000-$99,000 
I have plenty & lots to 

share 
Married/or in domestic 

partnership3 

3 63 Female Nonmetropolitan $20,000-$39,999 
I have plenty & some to 

share 
Single1 

4 39 Female Suburban > $100,000 
I have plenty & some to 

share 
Married/or in domestic 

partnership with children3 

5 27 Female Rural $60,000-$99,000 
I have plenty & lots to 

share 
Married/or in domestic 

partnership3 

6 36 Male Central City $40,000-$59,000 I have enough Single2 

7 43 Female Rural > $100,000 
I have plenty & some to 

share 
Married/or in domestic 

partnership with children3 

8 24 Female Suburban < $19,000 
I have plenty & some to 

share 
Single2 

9 30 Male Central City 20,000-$39,999 I have enough Single2 

10 56 Female Suburban $60,000-$99,000 
I have plenty & some to 

share 
Married/or in domestic 

partnership3 

11 22 Female Suburban < $19,000 
I have just enough if I 
stretch my resources 

Single2 

12 39 Female Suburban $60,000-$99,000 
I have plenty & some to 

share 
Married/or in domestic 

partnership with children3 

1 Living alone 
2 Living together with family members (parents, siblings, etc.) or roommate(s) 
3 Living together  
 

 
 Procedure. A screener survey was distributed via email to the 68 respondents who 

were interested in Study 2. The email allowed respondents to sign up for Study 2 if they 

were still interested. Of the 68, 23 respondents completed the screener survey. The 

screener survey allowed to select participants from a range of demographic characteristics 
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such as ages (i.e., 20 years to 60 years), work status (college student, full-time, retired), 

marital status (single, married), children (yes, no), living situation (living alone, shared 

housing), and household income (<19,000 to >100,000). 12 participants were sent a 

follow-up email containing the study details—process of the interview, the type of 

questions that may be asked, activities that may be observed, where the interview will take 

place, length of the interview, withdraw policy, privacy, and payment.  

 It is important to carefully choose a relatively neutral setting for the location of the 

interview as the ambiance can directly affect the outcome of the interview experience 

(Clifford et al., 2016). For the best data extraction, interviews that are conducted in spaces 

that are contextually tied to the study can provide memory queues for participants and 

assist interviewers to allude to more specific questions based on the artifacts found in the 

surrounding space (Clifford et al., 2016). For this study, participants were interviewed in 

and/or around their kitchen/dining area (e.g., food waste typically occurs in the kitchen 

area). Participants were advised to keep their environment as is and to not clean up or 

reorganize their kitchen/dining space.  

All participants were given consent forms to review. Each phone interview was 

recorded with the participant’s permission. Once the session has been concluded, 

participants were thanked and compensated for their time.  

Materials/Measures. An interview protocol was used to maintain consistency 

across all interviews (see Appendix B). A script was used to help strike a balance between 

inquiry and conversation. The script organized the structure of the interview process 

(introductory questions, transition questions, key questions, and closing questions) as 

recommended by Goodwin (2011). The interview questions covered the same topics as the 
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survey (grocery shopping, meal preparation, factors influencing food waste, etc.) but with 

added prompts to uncover contextual data. Table 9 highlights select interview questions. 

See Appendix B for a full list.  

Table 9.  
Select interview questions 
 

Grocery Shopping 

1. Tell me how you shop for food for your household.  

2. Can you describe a typical food shopping trip?  

3. How do you feel about shopping for food?  

Meal Preparations 

1. How does your typical day look like? Describe how you incorporate your meals through the day. 

2. What are the some of the barriers that prevent you from cooking at home? 

3. How do you decide what food is going to be eaten and when? 

4. Tell me how you typically cook for yourself or family members? 

Factors Influencing Food Waste 

1. What would you do when the fruits on the kitchen counter are ripening faster than you expected? 

2. Tell me about your thoughts and feeling regarding throwing food away.  

3. Tell me how your thoughts and feelings may have changed over the years. 

4. Why do you think other people you know throw food away? 

5. Tell me how you think other people you know feel about throwing food away? 

Knowledge/Food Storage/Scraps & Leftovers 

1. How often do you pay attention to the items in your refrigerator? 

2. Can you describe times when, if at all, does food get thrown away in your household? Why? 

3. What do you do when you notice some items are starting to wilt or go bad?  

 
  

Data Analysis. There are a few common ways to approach thematic analysis— 

using software, journaling, and affinity mapping (Rosala, 2019). The process is determined 

by data, context/constraints of the data-analysis phase, and the researcher’s personal style 

of work (Rosala, 2019). Given the large amount of qualitative data gathered from the 12 

respondents, software was used to systematically examine the transcribed text passages. 
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Audio recordings were transcribed through Otter.ai (an online platform that 

transcribes audio recordings) and imported into NVivo (Version 12), a qualitative data 

analysis software program. The raw qualitative data served as a starting point to uncover 

patterns and themes to construct meaningful connections and relations between the 

questions and answers. Each verbatim response was reviewed line-by-line by a single 

reviewer and sorted for inductive coding. It is important to note that not every section of 

the text needed to be coded, rather it was determined by research relevancy and objective. 

Text passages were manually coded to organize content organized into cohesive categories 

that are relevant to the research questions (e.g., opinions of food waste, barriers preventing 

change, ingrained routines). At the end of the exercise, the coding framework established 

emerging themes that built a more comprehensive narrative of household food waste. 

Figure 52 illustrates the thematic analysis process. 

 

Figure 52. Thematic analyses process. (Nielsen Norman Group, 2019) 
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Results 

 Six themes emerged from the analysis (Figure 53). Influences extended in six broad 

aspects. First, household upbringing shaped an individual’s core values, beliefs, and 

knowledge based on learned experiences. Second, food handling knowledge comprised of 

indistinct logics gathered sporadically throughout the years. Third, organization habits 

rested on the prospect of adherence. Fourth, household composition centered around the 

complexity of the home. Fifth, scarcity/surplus of resources concerned whether a 

household would exceed time and monetary boundaries. Sixth, openness to unique 

solutions leaned on individual ingenuity to transform leftovers and receptiveness to 

technological solutions to food waste.  

 

 

Figure 53. Themes uncovered from Study 1. 

 

 Household Upbringing. When evaluating interviewees’ views on food waste and 

their judgment to discard or minimize, individuals drew upon selective memories of 

parental figures and subconsciously replicated past handlings into similar present-day 
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scenarios. Through these conversations, interviewees from lower-income upbringing 

stated that limiting food waste was a bit of an unspoken rule during childhood. Others from 

more stable homes were not given the same expectations. Some of those with previously 

restricted meal rules allowed these values to carried over into adulthood, but not all. One 

interviewee from a middle-class upbringing remembered his family being riskier with 

near-expired food and stated that his parents’ personal upbringing influenced how he 

approaches it as an adult.  

“I would put only as much on my plate as I could eat and whatever I didn't need to eat, I 
made a good point of putting it in the refrigerator to be used later. I just came from a 
family that ate lots of leftovers.”  
P8, Middle-Income Upbringing  
(Female, 24, < $19,000, Single & living together with family members)  
 
“I wasn't ever made to eat everything on my plate. Like I would have to try new things, 
but I wasn't told to have to eat everything.”   
P4, Middle-Income Upbringing  
(Female, 39, > $100,000, Married with children & living together) 

“Yeah, like, I can't eat something that’s just reheated again and again. And that really 
stems a lot from childhood where my mother was more like my husband, she would just 
keep repeating it until it was all gone. So now I just, I'm not a big leftovers fan.”  
P10, Lower-Income Upbringing  
(Female, 56, $60,000-$99,000, Married & living together) 
 
“I also grew up seeing my father being the sort of the default person who would just eat 
whatever food on my plate. I think like, as I grew up, I started to internalize that role.” 
P6, Lower-Income Upbringing  
(Male, 36, $40,000-$59,000, Single & living together with family members) 
 
 “I think upbringing probably has a lot to do with it. And I think it's possible that some 
people have a view of food safety that makes them believe that it's not advisable to eat, 
even though it’s fine. Even in my own family, my father had a much more liberal opinion 
about food safety & my mother is ready to throw things away much sooner than he did.”   
P9, Lower-Income Upbringing  
(Male, 30, $20,000-$39,999, Single & living together with family members) 

 

Food Handling Knowledge. Interviewees acquired food handling knowledge at 

different points in their lives. Although their depth of food handling knowledge varied, 



 

 97 

there were commonalities in terms of the source of information—parental figures such as 

mothers/father/grandparents, through word-of-mouth from friends/strangers, online 

search queries, and learned experiences. Interviewees seemed to trust external sources 

(e.g., parental figures, word-of-mouth, online queries) and very rarely disputed its 

credibility, especially if it’s coming from parental figures. Interviewees who drew from 

learned experiences had to rely on memory prompts to avoid yielding similar results.  

“Those are some of the methods I learned from my mom. Like how to pick vegetables 
like, for example, some vegetables with bumps are considered good and not ripe yet. So 
those are some things that I learned from my mom and I apply that on vegetables.”  
P1, Middle-Income Upbringing 
(Female, 25, < $19,000, Married & living together)  
 
“Word of mouth basically for most of it.”  
P11, Middle-Income Upbringing 
(Female, 22, < $19,000, Single & living with roommates) 
 
“Everyone has told me that when you're buying quote unquote fresh fish, unless you're 
buying it off the boat or at the dock, you're much better off buying it frozen because it's 
frozen at peak freshness.” – P10, Lower-Income Upbringing  
(Female,56, $60,000-$99,000, Married & living together) 
 
“Yeah, so it kinda depends on the item. Um, so for instance, like we get milk, we can't 
really go through a gallon of milk very quickly, so we usually end up throwing a little 
bit of it away. So I always try to remember to not buy too much or find a date further 
from expiration.”  
P5, Lower-Income Upbringing 
(Female, 27, $60,000-$99,000, Married & living together) 

 
 

Organization Habits. Interviewees reported adhering to some form organization 

system to help minimize unnecessary costs and waste. Whether through shopping lists or 

meal preparation, the results seemed to be beneficial for busy individuals juggling multiple 

roles/responsibilities and for those with a more conscious budget. Shopping lists helped 

minimize spontaneous purchases and meal preparation cut down on eating out costs and 

the amount of time spent making dinner after work. Reducing food waste is top-of-mind for 
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those who try to keep a tidy fridge/pantry. Through frequent rearrangement, respondents 

who adhered to this habit could push older ingredients closer to their line of sight.  

“So typically, I will sit down and make a list and get with everybody and say, Okay, what 

do we need? What are we almost out of? I'll look at recipes and put together like a 

menu what I want to do for the week.”  

P7, Middle-Income Upbringing 

(Female, 43, >100,000, Married with children & living together) 

 

“Yes, so before I write down the list, I kind of prepared just in my mind what I will be 
cooking everyday like from Monday to Friday.”  
P1, Middle-Income Upbringing 
(Female, 25, < 19,000, Married & living together) 
 

“I don't buy a lot of meat all at once or fish all at once. If I do, then I'm breaking it 
down and putting it in the freezer.”  
P10, Lower-Income Upbringing  
(Female, 56, $60,000-$99,000, Married & living together) 

 

“I guess we usually put the newer stuff in the back and get rid of the older stuff first. 
Same thing with milk. I just put the old stuff in the back and grab whatever is already 
open and then look for the label for which should be good to eat.”  
P11, Middle-Income Upbringing 
(Female, 22, < $19,000, Single & living with roommates) 

 

 

Household Composition. Household composition (i.e., single v. married with 

children) varied among interviewees and reports showed how it dictated living situations, 

diets, and responsibilities. For interviewees living in smaller apartments, scare fridge and 

storage space led to more frequent grocery trips and limited the ability to stockpile staple 

pantry items. Smaller households (i.e., single or in domestic partnership) also were only 

responsible for themselves and could cook smaller meals or stretch out leftovers. For 

respondents with growing children, there was more priority in keeping the kitchen fully 

stocked and more pressure to cook much larger batches of leftovers for second helpings. 

Interviewees who lived with parents or roommates had complicated responsibilities, 
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specifically regarding meal preparations (e.g., mother cooked all meals) and organization 

(e.g., roommates split fridge space).  

 

“My mom usually have an idea of what she wants to cook and she'll buy miscellaneous 
things if they're on sale. I'm not sure if it's meal planning but she'll cook like for a 
couple days and then we'll just eat it up. I'm not sure.”  
P11, Middle-Income Upbringing 
(Female, 22, < $19,000, Single & living with roommates) 
 

“Yeah, so I lucked out and my husband actually does the cooking. Since it is just the two 

of us, we don't have to cook every night and we can go on leftovers for quite a while.” 

P5, Lower-Income Upbringing 

(Female, 27, $60,000-$99,000, Married & living together) 
 
“So I look at the bigger picture of getting variety of vegetables and fruits. And I then 

look at, I guess, good source, or humanely sourced meats and fish, protein. We're not 

vegetarians or anything, but we do tend to stick to more of like a, I say, paleo aspects 

where we definitely gets lots of vegetables and fruits and quality meats.”   

P4, Middle-Income Upbringing  

 (Female, 39, > $100,000, Married with children & living together) 

“There's no like formal system. We've kind of almost have like an unspoken…like 

develop kind of our own areas of the fridge. So I'm always trying to put stuff on like the 

upper right hand side and other people have different spots. And that usually that 

tends to work as I see times when someone used someone else's thing, but I think we 

generally kind of know what's, what's ours and what's not.” 

P9, Lower-Income Upbringing 

(Male, 30, 20,000-$39,999, Single & living together with family members) 

 

“I do have two teenage boys and I know that they eat a lot when they're growing age. 

The other day I made spaghetti and my son got three helpings went back before and I 

was like, What are you doing? He's like, I'm really hungry. Okay, so now I look at 

typically having to make a little bit more just because they are eating a little bit more.” 

P7, Middle-Income Upbringing 

(Female, 43, > $100,000, Married with children & living together) 

 

 

Scarcity v. Surplus of Resources. There is some level of trade-offs for individuals 

willing to forgo food safety to curtail food waste. Some interviewees were more willing to 

risk eating a near spoiled or actively spoiled item as a measure to reduce costs associated 

to the item. Others who were not as willing, were not motivated by monetary guilt, but 
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rather the acting of wasting. Time scarcity was echoed by all individuals across varying 

income backgrounds. Interviewees who reported hectic schedules also admitted to 

purchasing takeout when meal planning fell short despite having a stocked fridge.   

“Yeah, and just, you know, it's not that we couldn't afford to replace the food but, but I 

hated it to be a to waste money and/or food. “  

P12, Middle-Income Upbringing 

(Female, 39, $60,000-$99,000, Married with children & living in a multigenerational 

household) 

 

“When things get really busy, like especially if my husband is doing a musical, because 

he's an actor and a director. And so he goes to work all day and then he'll go straight 

from work to his shows. And then some nights I might have to go directly from work to 

go perform for a musical too for seven nights a week. So if we don't plan ahead, we end 

up having to pick up, like some sort of fast food or something like that. But if I'm able 

to like plan ahead, then I would meal prep and take my meal with me.”  

P2, Middle-Income Upbringing 

(Female, 27, $60,000-$99,000, Married & living together) 

 

“You know, sometimes with cheese, if it's the hard cheeses, I'll just cut the icky parts off 
because it's perfectly fine.”  
P10, Lower-Income Upbringing  
(Female, 56, $60,000-$99,000, Married & living together) 

 

Openness to Unique Solutions. Interviewees who enjoyed cooking also reported 

more openness in their creativity to transform leftovers and create on-the-spot meals with 

near-expiring items. Interviewees with less confidence in their cooking skills reported a 

regimented or tried-tested meals, meaning there is much less room to be experimental 

with leftover ingredients. Additionally, interviewees appeared open to technological 

solutions to the issue of tracking household food waste. Suggestions were made for apps or 

smart fridges that could showcase approximated monetary loss, freshness detector, AI 

recommendations for recipes based on existing ingredients, and cumulative data on wasted 

food. 
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“But then if there's something else that I know that it's like, cottage cheese, and it's 

coming close to date, but I know I can just make lasagna, so it's gonna be okay.” –  

P5, Lower-Income Upbringing 

(Female, 27, $60,000-$99,000, Married & living together) 
 

“I don't like experimenting in the weekdays because if something goes wrong again, I 

have to let go and dine out. So I keep to the recipes that I know already that are like in 

my head.”  

P1, Middle-Income Upbringing 

(Female, 25, < 19,000, Married & living together) 
 

“I'll kind of circle around like if it's a bag of green beans where I'm like, oh, this is the 

last day for that then I'll find the recipe that incorporates green beans. And, or I'll just 

put it in the oven and bake it and have it as a dish.” 

P4, Middle-Income Upbringing 

(Female, 39, > $100,000, Married with children & living together) 

“I think there's enormous potential for that (mobile app) because most people live on 
their phones.”  
P10, Lower-Income Upbringing  
(Female, 56, $60,000-$99,000, Married & living together) 

 

“I mean, if the person cares about how much they're wasting on what they're putting 
into their body, then yeah, I'd say if they have a smartphone, they have a tablet or 
something like an appliance, I think that would be useful for most people.”  
P11, Middle-Income Upbringing 
(Female, 22, < $19,000, Single & living with roommates) 
 

“Maybe including the cost of, you know, cumulatively, what you're tossing. I think 

when people see what they're wasting financially that sometimes has a bigger impact 

than on a, an intellectual level. You know, like I could be saving $50 a month not 

throwing this food away or not overpaying. I think that would be really helpful.” 

  P10, Lower-Income Upbringing  
(Female, 56, $60,000-$99,000, Married & living together) 
 

“It should show ingredients that you have in your home and it’ll give you recipes that 

you can use with those ingredients.”  

P5, Lower-Income Upbringing 

(Female, 27, $60,000-$99,000, Married & living together) 
 

“I'm sure it's possible. Anything's possible. But like them sorted out where you could 

like, scan the mixture of your produce, and it would tell you this fresh or not.” – 

P2, Middle-Income Upbringing 

(Female, 27, $60,000-$99,000, Domestic partnership & living together) 
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Discussion 

The interviews were useful in uncovering insights left unanswered from our food 

waste survey data. Using open-ended questions, we were able to engage with interviewees 

as they reflected upon factors and circumstantial obstacles that prevented them from 

reducing food waste at home (e.g., fridge full of sub-optimal items after household quit 

adhering organization habits due to lack of time).  

Household Upbringing Shaped Later Lifestyle Choices 

Certain food saving instincts are reflective of interviewees’ childhood living 

situations, with less financially stable childhood homes limiting food waste as a need rather 

than a conscious environmental stance. Meanwhile, interviewees with more resources 

growing up did not necessarily have the same level of pressure to prevent waste for 

monetary reasons. Surprisingly, our data showed how similar upbringing did not necessary 

translate into similar behaviors as adults. This was especially the case when one 

interviewee considered themselves as anti-leftovers due to the plethora of reheated 

dinners as a child.  

Food Handling Knowledge Acquired through Similar Sources at Various Periods  

Depth and validity of the obtained food handling knowledge varied, but all 

interviewees acquired these skills in a similar manner at different periods of their life. At 

one point, they have gleaned information from parental figures (e.g., mothers, father, and 

grandparents), through word-of-mouth from friends/strangers, online search queries, and 

through their own experiences. What is interesting though, is that interviewees did not 

question the credibility of the information, especially if it was obtained early on through 

parental figures.  
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Maintaining Organizational Habits Aided Food Waste Reduction Efforts 

Organization habits may be one of the most insightful finding from the interviews. 

We know from the survey data, that interviewees employed more waste-reducing actions 

central to pre-planning techniques (making a shopping list, estimating items needed, 

checking pantry/fridge, planning meals for shopping list, sticking to shopping list) and 

cost-saving techniques (prioritizing eating leftovers/items close to spoilage, freezing items 

close to spoilage, eating at home, repurposing leftovers in new meals). From the interviews, 

we learned that part of the meal preparation had to do with juggling multiple roles and 

responsibilities in the day. Additionally, we learned how interviewees prioritize eating 

leftovers/items close to spoilage by rearranging the fridge with older ingredients push to 

the frontline view. 

Household Composition Impacted Dietary Preferences & Responsibilities 

Not surprisingly, household composition mattered. Interviewees from larger or 

smaller households carry different dietary needs and routines. Certainly, for households 

with growing teenagers, there is a greater need to keep the kitchen fully stocked with more 

food than a single retiree living alone. Even responsibilities changes between living with 

roommates (e.g., roommates leaving expired food in fridge for weeks) or parents (e.g., 

mother taking care of all the shopping/cooking needs).  

Resource Scarcity Role in the Consumption of Less-than-Optimal Ingredients 

 In terms of resources, some individuals mentioned that they were more willing to 

roll the dice with food safety and consume near spoiled/actively spoiled items if it meant 

they could reduce associated costs. All interviewees disclosed that time and not having 

enough time was a source of ire. Lacking the time to pre-plan meals ahead often meant that 
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interviewees and their households engaged in more takeout/fast-food meals. This then 

would also put an additional financial strain for households, especially with larger families. 

Not to mention, interviewees stated that takeout meals would leave behind unused 

ingredients from their fully stocked fridge for another few days.  

Openness to Unique Solutions Allowed Less Regimented Cooking Styles 

 Lastly, being open to unique solutions provided interviewees with more 

opportunities to minimize their food waste volume. Interviewees with less regimented 

cooking styles were much more willing to transform dull leftovers into new dishes. They 

were also more likely than inexperienced/anxious cooks to prepare spontaneous meals 

with near-expiring items. Those with less confidence in their cooking skills preferred to not 

risk producing an inedible meal. Sticking to tried-and-tested meals means there is less 

room to use up near-expiring ingredients. Although, it does save them from turning out a 

less than satisfying meal for household picky eaters. Additionally, open minded 

interviewees were more receptive to technological innovations in the food waste domain. A 

few made suggestions that were in line with Study 3’s Poof-of-Concept (PoC), such as 

making an app and showcasing data on wasted food.  

Key Takeaways 

 The aim of this study was to uncover additional factors that influence food waste 

attitudes, awareness, and behaviors left unaddressed from Study 1. Our findings showed 

six themes that helped complete a deeper understanding of the barriers that affect how 

individuals manage household food waste. Through conversations with the interviewees, 

we learned how unique background characteristics and situational circumstances would 

change how interviewees approach food purchases and food waste efforts at different 
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points of their life (e.g., single living alone v. married with children) and even day-by-day 

(e.g., lacking time or energy to overthink/care). Such examples included how household 

upbringing (i.e., lower-income v. middle-class) and food handling knowledge (i.e., parental 

teachings) affected views on suboptimal food and their decisions to discard or repurpose. 

Or how household composition (i.e., characteristics of the people living in the home) 

dictated purchase planning, food storage, and cooking practices (e.g., a younger couple 

living in a small apartment with scarce storage space cook smaller frequent meals v. an 

older couple with two teenage boys living in a house with a secondary fridge cook larger 

portions of meals to be used as leftovers). 

Ultimately, these qualitative findings helped add context to the contradictory 

attitudes, awareness, and behaviors uncovered from the survey data. We now understand 

why individuals hold certain beliefs in one instance yet commit to a contradictory action in 

the next and how contradictory actions may not reoccur if situations allow them to 

prioritize their beliefs. Understanding the relation between people and household food 

waste is the first part of discovery and the next step is to understand if individuals could be 

influenced to adapt less food waste at home through technology.   
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CHAPTER 5 

STUDY 3: PROOF-OF-CONCEPT (POC) 

Technology has extended beyond work, recreational, and entertainment purposes. 

The ubiquitous presence of technology has transformed homes to become a little bit 

smarter and more data driven. User adoption of smart home technologies (e.g., lighting, 

water, thermostat, kitchen appliances, TVs, music player, digital assistance, etc.) will 

gradually reach to $53.5 billion globally by 2022 (Deyan, 2021). Given the increasing 

acceptance and user reach, technologies have been utilized in HCI to tackle various 

problem spaces, including environmental sustainability. The subfield, sustainable HCI, 

target desirable behavioral changes through various forms of motivational and persuasive 

design techniques (DiSalvo et al., 2010). One design principle, feedback, has the potential to 

become a feasible approach to target sustainable behavioral changes. However, 

presentation of the feedback data comes in several forms (i.e. informational, goal-setting, 

comparison, commitment, and incentives/disincentives), but informational feedback is the 

most common technique (Froehlich et al., 2010). Critics cite that information alone has less 

likelihood of inciting desirable actions from the user, but the effect can be compounded 

with the addition of design elements (Froehlich et al., 2010). The introduction of real-time 

data, however, has higher likelihood of raising awareness and motivation to initiate a 

behavioral change (Lilley, Bhamra, and Lofthouse, 2006).  

Sustainable HCI and behavioral change research is largely constrained within 

water/energy conservation efforts and more recently food waste, but the findings on real-

time informational feedback have been promising. Real-time informational eco-feedback 

(pro-environmental feedback) can be presented in different forms (i.e., numeric, ambient, 
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metaphoric) and researchers have investigated various forms and combinations of 

informational feedback to determine the most effective and most useful feedback. The 

following are a quick review of the numeric, ambient, or metaphoric data view examples:  

▪ Savedrops: Sohn and Nam (2015a) investigated the effects of four eco-feedback 

design attributes on users’ reactions to water conservation—data interpretation, 

data orientation, data representation fidelity, & degree of data exposure. The in-

lab experiment implemented a real-time feedback display system prototype 

(SaveDrops) on forty users. Findings showed that the most effective and most 

usable feedback highlighted water consumption data in a grade or a score (e.g., 

6.3 out of 10 points), realistic graphic expression of the data, neutral expression 

of the data, and frequent or occasional exposure of the data. Figure 54 shows the 

best visual feedback.  

 

Figure 54. Savedrops feedback design. (Sohn and Nam, 2015a) 

▪ LED lighting: Researchers found that attention cannot be sustained for an 

extended period of time without encountering loss of interest or motivation 

(Maan et al., 2011). Ambient feedback displays were introduced and designed to 

be visible at the periphery of human perception (Maan et al., 2011). The study 
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looked at the influence of ambient feedback v. numeric feedback on household 

energy consumption of space heating. Findings indicated that cognitive load 

lessened with ambient lighting and that ambient feedback had stronger 

persuasive effects than numeric feedback. Figure 55 shows the three ambient 

lighting. 

-  

Figure 55. Ambient feedback design. (Maan et al., 2011) 

▪ Napkin dispenser: Similar to Maan et al. (2011), Montazeri et al. (2013) 

elaborated on the idea that users are bombarded with persuasive systems that 

often over stimulates the user’s attention. Researchers hypothesized that 

metaphoric designs can increase users’ awareness about their behavior and the 

consequences of overconsumption (Montazeri et al., 2013). The stud y 

introduced three experimental metaphor conditions (no metaphor, conservation 

metaphor, and non-relevant metaphor) over the course of six weeks. Findings 

showed that consumption rates immediately dropped in the second and third 

week when the persuasive conservation metaphorical design was introduced. 

Removal of the conservation metaphor within the fourth week saw spike in 

consumption. Figure 56 shows the control and metaphor conditions. 
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-  

Figure 56. Metaphoric feedback design. (Montazeri et al., 2013) 

▪ E-COmate: Lim et al. (2014) integrated eco-feedback strategies into two food 

waste prototypes. The first prototype was hardware based, with physical LED 

lights showcasing waste weight visualized by the nu mber of meals. Findings 

from the first prototype study showed that the implementation of the eco-

feedback showed higher self-reflection scores and perceived changes in food 

preparation and handling of leftovers (e.g., paying closer attention to the amount 

of food being cooked and saving leftovers for another meal). In the second 

prototype, Lim et al. (2015) replaced the LED lights with a software component 

to visualize the number of meals wasted. This second prototype remains a 

concept and has yet been deployed. Figure 57 shows the first and second 

prototype. 
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-  

-  

Figure 57. E-COmate feedback design. (Lim et al., 2015; Lim et al., 2014) 

Using findings from the water/energy conservation efforts and the few existing food 

waste literature, Study 3 incorporated design concepts from Savedrops (Sohn & Nam, 

2015a), LED ambient lighting (Maan et al., 2011), and Eco-mate (Lim et al., 2015; Lim et al., 

2014) and simplified the data view to build a proof-of-concept (PoC). The PoC consists of a 

smart scale and mobile app specifically developed to collect real-time food waste data in 

grams and provide feedback to users about their daily unconsumed food waste. The 

feedback data was simplified into waste weight only to eliminate conflicting variables (i.e., 

no interactivity, no comparison data, etc.) between the numeric, ambient, and metaphoric 

conditions to allow fairer comparison.  
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Purpose 

 

The final study introduced a proof-of-concept (PoC) technological solution into 

households to qualitatively explore viability and feasibility in a real-world scenario. 

Specifically, to understand if and how technology can influence and encourage consumers 

to reduce food waste at home. The PoC synthesized real-time food waste data into three 

forms of eco-feedback (metaphoric, numeric, or ambient) for users to experience against a 

baseline (no feedback) period. The overall goal of this exploration was to understand if 1) 

the PoC could influence perceived changes in awareness and behaviors and 2) if any of the 

three eco-feedbacks were seen of value compared to having no feedback at all. 

Method 

Participants. Three households were recruited from the Austin, Texas metropolitan 

area. Each household had one representative (n = 3) as the main point of contact in the 

study (see table 10 for demographics). For households with two residents, the chosen 

household representative was fully responsible of all grocery shopping and cooking. Other 

recruitment criteria included permanent residency and no travel plans for the duration of 

the study (approximately 2 weeks). Upon completion of the study, the households received 

an Amazon.com e-gift card valued at $100. 

Table 10.  
Breakdown of Demographics by Age, Gender, Residence, Income, Basic Needs, and Household Composition 

    P# Age Gender Residence 
Household      

Income Basic Needs Household 
Composition 

1 36 Female Central City > $100,000 
I have plenty & some to 

share 
Single1 

2 28 Female Central City > $100,000 
I have plenty & lots to 

share 
Married/or in domestic 

partnership2 

3 37 Female Central City > $100,000 
I have plenty & some to 

share 
Married/or in domestic 

partnership2 

1 Living alone 
2 Living together  
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Measures/Materials. The PoC has both a hardware (weighing scale and tablet) and 

software (android app) component. A plastic bin is also included to contain the food waste. 

Hardware Design. We opted out from using existing off-the-shelf Wi-Fi scales and 

their companion apps because readily available devices offer less flexibility. A custom-built 

scale, on the other hand, has a higher likelihood to resolve most software incompatibility 

issues with the android tablet device from the back end. The weighing scale is custom-built 

through the open-source Arduino platform. The Arduino platform consists of a physical 

microcontroller (programmable circuit board) and an IDE (Integrated Development 

Environment) software. Unlike other programmable circuit boards, the open-source nature 

of the Arduino microprocessor has offered novice hobbyist and professionals a simple, 

flexible, and cost-effective solution to create electronic devices that can interact with any 

objects or the environment using sensors and actuators. Additional electronics including a 

HX711 A/D module, 5 kg load cell pressure sensor, Bluetooth module, and micro-USB to 

USB 2.0 convertor cable were used for the hardware design. To properly transmit weight 

measurements, the scale was connected to an Android tablet computer via USB connection. 

The PoC went through a series of iterations (Figures 58, 59, 60, 61, 62 and 63 show the 

iterative evolution of the final PoC used in the diary study).  



 

 113 

    

Figure 58. Initial 3d rendering of the Arduino microprocessor 

 

Figure 59. Production of the Arduino microprocessor. Three boards were used in the study, 
but two additional boards were made as backup in case one or two failed in transport and 

during the study. 

 

 

Figure 60. First iteration of the Arduino connected to a HX711 A/D module, 
Bluetooth, and four-piece 50 kg load cell sensors. 
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Figure 61. Final iteration of a 3D printed case enclosing the Arduino connected to a 
HX711 A/D module, Bluetooth, and one 5 kg load cell sensor. 

 

 

Figure 62. Final iteration with enclosed cases for wires and weight sensors of PoC. 
 
 

 

 Figure 63. A plastic container is included hold the food waste. 
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Software Design. The software application was built on Expo, an opensource 

toolchain that is built around React Native. React Native is framework developed by 

Facebook to optimize the mobile app development from assembly to debugging. It has 

many cost-saving benefits—allows developers to compose reusable mobile UI elements 

using declarative components, simultaneously build iOS and Android with just one 

codebase (cross-platform compatibility), and it can streamline updates directly to users’ 

phones without manually going through the app store. Expo on the other hand, is set of 

tool, libraries and services that enhances the React Native experience. Expo simplifies the 

app building process even more by setting up a platform that provides Javascript APIs out 

of the box and its companion app gives developers an easy way to load, preview, and test 

their working projects. The software application was first be built on Expo and then 

unloaded onto a Lenovo tablet. The app handles real-time data collection and storage in the 

cloud (via Google Sheets). There are two views, one strictly for researchers and one for 

users. The restricted view is password protected and accessible to researchers to during 

calibration and experimental condition setup (Figure 64). The unrestricted view includes 

the baseline and experimental conditions which provided users feedback about the daily 

volume of food wasted. 
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Figure 64. Weight calibration (top) and condition selection (bottom) menus are password 
protected and available to researcher only 

 
Functionality. The PoC operated in real-time and remained dormant until the user 

discarded unconsumed food. As soon as the food item enters the bin, the scale will 

automatically sense the motion and initialize a log of the waste weight (in grams) into the 
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cloud database (GoogleSheets) while simultaneously presenting feedback information on 

the tablet interface to the user (feedback will vary by the condition).  

Survey. Participants completed a short survey entry pre-study (day 1), after 

baseline (day 9) and post-study (day 17) to assess their experience, expectations, and pain 

points. In addition to the ratings, participants uploaded photos of the current state of their 

food storage (refrigerator, freezer, pantry, etc.) for each entry. 

Tasks. Households incorporated the PoC into their kitchen space. Users were 

instructed to discard food waste (i.e., previously edible food) into the provided plastic bin 

(placed on top of the PoC’s scale). Any other items must be thrown in the household 

owner’s trash bin; however, users had the option to weigh the food waste on the scale (the 

device automatically records and accumulates data throughout the day) before tossing it 

into their trash bin to avoid bacterial smell and pests. In addition to the initial briefing 

during the PoC drop-off, written procedural instructions were also provided. Automaticity 

of the PoC and real-time data wi-fi collection will minimize interaction with the actual 

display. Users could empty their bins and set it back on the scale with no foreseeable 

issues. The scale’s sensors automatically sent timestamp data each time it detects a weight 

change (gain or loss). Additional instructions and contact information were be provided for 

troubleshooting when the participant encounters issues during the study.  

An infographic was given to participants showcasing example items that should be 

thrown away in the bin system (See Appendix E). These items must qualify as still edible or 

once edible but now turned bad or questionable in terms of food safety (e.g., past due date, 

looks or smell bad). This list of items that are allowed but not limited— potato skins, 

certain fruit skin (e.g., apple, guava, grapes), vegetable skin (e.g., eggplant, cucumber, 
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carrots, most squash & pumpkin variety), bread crusts, greens (e.g., broccoli stems, kale 

stems, collard green stems), over baked or overcooked food, plate scraps, uneaten 

leftovers, etc. A list of inedible items NOT allowed in the bin system includes— bones, tea 

bags, coffee grounds, eggshells, certain fruit skin (e.g., banana, watermelon, orange), 

vegetable skin (e.g., corn husks, avocado, some squash & pumpkin variety), unspecified 

trash like plastic and paper, etc.  

Pre/Post-experimental Interviews. Users participated into two 60-minute phone 

interviews, one pre-study (day 1) and one post-study (day 17). The pre-study interview 

contained similar questions as Study 2. In this case, the pre-study interviews captured 

baseline information about the household to contextualize their Study 1 responses. The 

post-study interviews collected data on the overall experience of the incorporation and any 

sentiments regarding the potential of the PoC (Appendix C and D for pre-study/post-study 

interview questions). 

Exploratory Study Design. The objective of this exploratory study is to reveal 

valuable insights about food practices in homes and determine viability/feasibility of the 

PoC. The goal of the study was to compare between baseline (no feedback) with one of 

three forms of eco-feedback (ambient, numeric, and metaphoric) to discover whether— 

1. Introduction of an eco-feedback could yield perceived changes in 
awareness and behaviors 
 

2. Whether users would find value in the type of eco-feedback they 
experienced 

 
The experiment was conducted in households to hold higher ecological validity. The 

experimenter met with the representative household member in their respective homes. 

Households were briefed of the study’s purpose and given a consent form to read and sign. 
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All questions were answered if participants had any follow up inquires upon briefing. After 

consent is given, the PoC was installed in the kitchen and participants were given operating 

instructions and a list of food items that can and cannot be discarded in the bin (see 

Appendix E for instructions). The study began with a baseline measurement. Note that 

there was an active learning curve to use the PoC properly at baseline, so for this study, 

baseline (no eco-feedback) will reflect food waste behaviors with the implementation of 

the PoC.  

Three households were randomized into one of three feedback conditions (ambient, 

numeric, or metaphoric measurement feedback). Households continuously used the PoC 

during baseline and eco-feedback condition. Figure 65 shows the experimental timeline. 

 

Figure 65. Experimental Timeline 

The pairing of the PoC and naturalistic environment helped contextualized the 

behaviors, attitudes, motivations, and decision-making processes. Volume of food waste 

weight was gathered automatically from the app in addition to the survey responses and 

pre-study/post-study interviews.  

 

Eco-Feedback. The national average of food wasted per person per day is 

approximately 422 grams a day (Conrad et al., 2018). Users were not informed of this 

average to keep their perceived estimates from Survey 1 relevant in the post-interview 

discussions. Expression of the food waste weight will be based off of the best practice 
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attributes found in the SaveDrops study (Sohn & Nam, 2015a). All three of the experimental 

conditions (ambient, numeric, metaphoric) will showcase the weighted food waste 

neutrally and in a score format but will vary in representation fidelity (e.g., consumption 

represented conceptually with only texts/numbers or more realistically with a graphical 

expressions). Note that for households with two members, the average volume threshold 

was doubled.  

Baseline (Control). No feedback will be given to users during the implementation of 

the intervention during baseline measurement of the volume of food waste collected 

throughout a 7-day period. Figure 66 shows an example of the baseline display. 

  

Figure 66. Baseline (No feedback, date/time only). 

 

Ambient. This condition is the most non-intrusive out of the feedback depiction of 

the volume of food wasted. This display is intended to be simple and appealing to users 

who prefer a less data-centric design. In comparison to the current data computing 

interfaces that focus largely on vast amounts of digital information on small real estates, 

ambient designs conceptualizes details into the broader vision (Maan et al., 2011). This 

display foregoes additional information (i.e., text, social comparison, time-series data, etc.) 

that may be overwhelm the user. Rather, this condition utilized rudimentary colors based 

on existing schemas (i.e., green = below 211 grams, orange = between 212 to 421 grams, 



 

 121 

red = above 422 grams) to enable awareness of food wasted throughout the day 

subconsciously and/or in the periphery of attention without much effort or increase 

cognitive load. Figure 67 shows a PoC example of the ambient measurement of a high 

volume of food waste.  

   

Figure 67. Example of ambient feedback within the red range. 

 

Numeric. This condition is the most traditional out of the feedback depiction. The 

numeric view allowed users to see of the volume of food wasted in grams. Figure 68 shows 

a PoC example of the numeric measurement high volume of food waste.  

 

Figure 68. Example of numeric feedback. 

 

Metaphoric. The metaphoric design combines research from Montazeri et al. (2013) 

and Sohn and Nam (2015b). This condition is the most abstract out of the three eco-

feedback conditions. It unites the numeric information with a metaphoric expression of the 
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volume of food wasted graphically. The purpose of a metaphor is to give people a new 

understanding of an experience by expressing the concept in a more concrete way that be 

more readily relatable. Metaphors can be implemented into designs to help users make 

better connection between their behaviors and the impact their actions may have on the 

environment (Montazeri et al., 2013). Figure 69 shows a PoC example of the metaphoric 

measurement of high volume of food waste.  

  

Figure 69. Example of metaphoric feedback (landfill) 

 Data Analysis. As a reminder, there are a few different ways to approach thematic 

analysis (i.e., using software, journaling, affinity mapping) depending on the data, 

context/constraints of the data-analysis phase, and the researcher’s personal style of work 

(Rosala, 2019). In Study 2, software sorted and organized through large text passages to 

generate emerging themes. For Study 3, affinity mapping was used to build a connecting 

theme across every individual idea and visualize a cluster map of insights. This technique is 

particularly useful for UX research practitioners in industry due to the physical handling of 

the data and visual component of the output. Traditionally, any information gathered from 

users either verbatim or through observation is written out on a sticky note and 

rearranged on a whiteboard. However, the analysis can also be done digitally through Miro, 

an online collaborative whiteboard platform.  
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Audio recordings of the pre-study and post-study interviews were transcribed 

through Otter.ai (an online platform that transcribes audio recordings) and incorporated 

into the Miro. Each individual sticky note represents a user quote. In addition to the 

interviews, survey responses were also included in the online whiteboard. Figure 70 shows 

a layout of the raw data prior to affinity mapping. Two affinity diagrams emerged from the 

affinity mapping (Figure 71). These diagrams help organize content into segments with 

similar sentiments and reoccurring ideas.  

 

 

Figure 70. Layout of raw data from interviews and surveys. 

 

 

Figure 71. Affinity diagrams 
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Results 

 

Pre-Study Interview. The pre-study interview utilized the same interview script 

from Study 2. Therefore, themes that emerged are familiar (Figure 72). First, household 

upbringing shaped an individual’s core values, beliefs, and knowledge based on learned 

experiences. Second, food handling knowledge comprised of indistinct logics gathered 

sporadically throughout the years. Third, organization habits rested on the prospect of 

adherence. Forth, income and hierarchy of needs showed how the relationship affect 

rationalization or guilt. Fifth, personal routines leaned into the individual’s preferences and 

approach to purchases and diet. 

Figure 72. Themes emerged from Pre-Study Interview 
 

Household Upbringing. Certain household norms and parental values affected the 

way users approached food in adulthood. One user (Household 2) stated how her mother 

often kept the fridge too full. The full fridge contained a combination of fresh and near-

spoiling/spoiling items, but her mother was overly cautious about not wasting out near-
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spoiling/spoiling food because of its ties to financial loss. Due to this experience, this 

respondent stated how she preferred to have a lighter fridge to prevent less food waste. 

Another user (Household 1) shared how her modest upbringing directly affected how she 

come to learn about unknown vegetables and fruits later in life. This user grew up 

consuming more processed foods (i.e., canned soups, boxed mac and cheese, hamburger 

helper, etc.) than fresh, but in her adulthood, there was a shift to a more adventurous 

palate and eventual transition to a vegan diet. Additionally, the last user (Household 3) 

acknowledged how her upbringing in Cyprus gave her more insights to different 

ingredients than the typical standard western diet. She primarily prefers fresh whole 

ingredients and little to no processed items at home.  

 
"I'm pretty sure my parents never bought an eggplant in their life. And so there's just 
some other things that I've learned from people because of the things now I didn't 
really grow up with it I eat now." – Household 1 
 
“I don't keep the fridge super full. Actually, when I was a kid, when I was growing up, 
my parents kept their fridge like, way too full of food all the time. And there was all this 
stuff going bad and it was always a mess. My mom’s a hoarder in general, so both my 
sister and I have like talked as adults with each other about how we have such a hard 
time throwing things away, especially if we feel like we're wasting it." – Household 2 
 
“What we eat at home growing up is very different. I grew up eating a variety of 
foods.” – Household 3 

 
Food Handling Knowledge. Users drew knowledge from their parental figures, but 

additional supplemental learning was necessary when baseline knowledge was lacking. For 

example, Household 1 and 3 learned from directly helping or indirectly observing parental 

figures. Although Household 2 shared that there was only so much information she could 

retain as a child and soon after moving out, she promptly picked up additional skills. 



 

 126 

Meanwhile Household 1 had to rely on themselves and through different avenues because 

her parents didn’t use the same ingredients she utilizes now.  

 
“I mostly learned these techniques on my own from random places. I don’t know or 
remember how. But I had to just pick them up, since my parents didn't have much 
experience with cooking with different kinds of produce.” – Household 1 
 
“I learned from my parents at home because I helped them cook. But also I feel like I 
had to learn all of that through experience, like, as an adult, in my own grocery 
shopping and cooking. I know that it was a bit of a learning curve for me when I moved 
out of the dorms and started living in an apartment with roommates " – Household 2 

 
“I remember going shopping with my grandma or my mom and I will watch them I 
guess. And like unconsciously like, I see them like smelling the food for example. So now 
I smell the fruit to make sure it’s ripe." – Household 3 

 

Organization Habits. Maintaining order and keeping food visible, accessible, and 

top-of-mind helped persuade respondents to prioritize using/eating older items in the 

fridge first. All households claimed that they adhere to this rule, although Household 1 and 

Household 2 were not always able to maintain this system. Household 3 is much more 

regiment with this habit and reorganized on a more frequent basis following her weekly 

grocery hauls. Figures 73, 74, and 75 show each household refrigerator contents over the 

course of the study. See Appendix J, K, and L for more photos. 

 
"So sometimes, if I liked my old leftovers, I will stick it in my freezer, and maybe have 
it later when I'm not tired of it anymore. But it happened a few times where I’ll put 
things in the back of the fridge and it get stuck back there and I won't see it. And then 
I might look at the label, because I'll be like, how long has this been in here?" - 
Household 1 
 
"I strongly prefer to not have the fridge so full that I can't see with one glance of 
everything that is in there. So that's my preference to begin with. And then I don't 
worry so much about rearranging, reorganizing. But there are some items we keep on 
the counter like avocados. We always try to keep them for the whole week, and think, 
oh, we'll make fish tacos tomorrow or maybe the next night. And then we're just 
always too late." – Household 2 
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"Every time something is emptying, or we are like, Oh, we need bread, like, we will be 
using it the next couple of days. So I write that down on the list. So every time I 
remember something I added to the list. And when I come home from grocery 
shopping and if I had like things that I bought the previous days, and they're open, I 
put them in the front, and I put the newer food at the back. So that I know which one 
to finish first. So yeah, I like rearrange, generally after grocery shopping for every, at 
least twice a week." – Household 3 
 
 

 
 

Figure 73. Household 1 Fridge contents. 
 

 

Figure 74. Household 2 Fridge contents. 
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Figure 75. Household 3 fridge contents. 
 

Income and Hierarchy of Needs. All households maintain a comfortable income 

above six figures. Users reported following strict budgets for weekly groceries in the past 

when they were less well-to-do . With greater resources there’s less barrier and all 

households are more than capable of purchasing any food they desire regardless of cost. 

Despite this, users are displeased with monetary loss when items expire before it can be 

enjoyed. However, they also recognized that the loss (monetary and sustenance) is not as 

distressing as it would have been in the past. 

"Oh, it's pretty chaotic. I don't really have a budget. Most of the time, I think even 
though I tell myself I shouldn't buy extra things. As soon as I get there and I see it. I'm 
like, I'm just getting it, I want it. I feel stupid for letting things go bad though and like I 
wasted money on it. Because, you know, like I said, go to the store. And I'm, like, excited 
about all this stuff. And then I buy I bought these weird bunch of mushrooms that were 
expensive. I mean, I know that one time, I bought like $30 worth of mushrooms at a 
farmers market. And they went bad today." – Household 1 

 
"So I'll do price comparisons in stores, like, between these three yogurt brands? For the 
same fat percentage of yogurt? Which one is cheaper? I'll do that. But I don't really 
rely on the weekly sales much." – Household 2 
 



 

 129 

“I used to use weekly ads to make meals around sales to save money but not anymore 
because we don’t have to keep a strict budget now. What I do instead now is take a 
quick look at the ads and see if anything matches my shopping list. It’s a win-win 
situation.” – Household 3 
 

Personal Routines. Each household followed a different routine, whether it was 

shopping style, cooking, and eating. Household 1 approach all aspects by mood and 

preferred to cook without a planned meal (either new or leftovers) idea. She does not 

partake in complicated recipes and did rely on routine recipes or easy pre-made frozen 

vegan meals from the grocery stores. As a single person household, these pre-made meals 

offered her more freedom and spontaneity. For Household 2, she always has staple items at 

home to rotate through for more variation in the week. This system works relatively well 

for her and her significant other and they rarely deviate from the usual ingredients. 

Although she refers to herself as a non-picky eater, there is pressure to make sure her 

significant other can also enjoy the meals she cooks. Although Household 3 cooks less often 

than Household 1 or 2, she is much more prepared for the week and does not deviate from 

her planned meals. She follows a very relatively inflexible diet for medical reasons and so 

her meals are very simple and unprocessed. Her partner does not follow her strict diet all 

day long but does consume her cooking in the evening when he returns from work. 

However, she mentioned that her partner would bring home takeout from time to time for 

more variety.  

"I'm more of a snacker. I really don’t like to spend too much time making my meals. 
And if I cook, it’s very unplanned. And every once in a while, I will make like a big meal. 
You know, it's just up for like six meals and then I'll have that throughout the week. 
Sometimes, if I remember to check the food and see like, if something's gonna go bad. 
Like, I ask myself, should I eat this right now? Then I will eat that first." – Household 1 
 
"Um, since we tend to stick to like a few foods that we're really comfortable cooking or 
are easy to cook with, you know, so if we're really tired on a weeknight, we have sort of 
the same rotation of ingredients, a little bit of variation. We have some staples that we 
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usually like to have, like, the mashed potatoes and frozen tilapia. And these are stuff 
that like you can make a lot of different recipes with. We always like to have these kind 
of stuff on hand. I am so much less of a picky eater in our household. So I do feel some 
pressure to you know, to make it palatable for my boyfriend too." – Household 2 
 
 
"So I always have things cooked in the fridge. And then when I'm hungry I just like 
make bowls usually with some kind of sauce and then I'd like the veggies and grains 
and beans or tofu or something. So that's how I cook like, I don't cook every day. 
When I'm making a meal, I make it for maybe like, three, four meals worth of food. So, 
I'm not really cooking a lot you know? I'm just like combining things. I'm like 
reheating things on most days.” – Household 3 

 

PoC Waste Weight. Waste weight was collected across the three households (Figure 75, 

76, 77, and 78). However, we were unable to infer behavioral changes due to our small 

sample size and short study duration. Additionally, households encounter technological 

issues that render some issues with the data collection from the back end.  

 

Figure 75. Food waste data for household 1. 
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Figure 76. Food waste data for household 2. 

 

 

Figure 77. Food waste data for household 3. 
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Figure 78. Food waste data for across households. 

 

Post-Study Interview. In terms of users’ overall experience with the PoC, five 

themes emerged from the post-study interview analysis (Figure 79). First, respondents 

found the PoC to be unobtrusive to their everyday routines, but it was not a guilt free 

experience. Second, feedback was not useful unless it could be meaningful. Third, 

actionable changes may be dependent on users’ understanding of their personalized 

cumulative data. Forth, the physical act of sorting food waste affected users regardless of 

data. Fifth, viability and feasibility of the PoC will be contingent on suggestive 

improvements.  
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Figure 79. Themes emerged from Post-Study Interview 
 
 

Unobtrusive, but not guilt free. Users encountered some technological issues (i.e., 

app crashing and calibration drift) but reported an overall pleasant experience with the 

PoC. Uses expressed no resistance with compliance and had little issues with the 

instructions. Users did not believe the study, nor the device impeded on their everyday 

routines. The physical act of sorting was not considered difficult by any means, but they 

stated that it took some initial effort to get used to using two bins (i.e., their own trash bin 

and the PoC). Although, they also mentioned that the learning curve was short and the 

physical device sitting in plain view (i.e., kitchen counter) served as an active memory cue. 

Throughout the study, all users expressed some level of perceived guilt. Although all users 

maintained that they already were eco-conscious minded about food waste prior to the 

study, as the days follow, they all agreed that they’ve never really seen their own food 

waste production and accumulation. Throughout the study, they stated that the actionable 

evidence (i.e., sorting food waste on the scale) was visual indicator that triggered more 

guilt and raised more level of awareness than before the study started.  
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"Mentally, it was hard, because I was like all this is dead food now." – Household 1 
 
"I don't want to fill up the bin anymore today. You know, it made me think a lot about 
like, the different reasons that that I would be throwing something away, like, Did it go 
bad? Or is this just like, a really dry withered vegetables that could have been harmful 
to me? I did feel emotionally like more guilt. I mean, I feel guilty whenever I throw 
away something that I could have used it, but seeing it feel like a little more dramatic 
that way. As soon as the prototype was out of the house, I felt like way more aware 
than usual. And I don't think that has changed in a few days we stopped weighing the 
waste." – Household 2 

 
"I guess, like, as I mentioned, I am more self-aware now that I've participated in the 
study. So like, we stopped the, you know, study this morning and when I was getting 
something from the fridge and saw some cilantros have gone bad, I was like God dang. 
Like, I could have used this. We could have been better if I found a way to use it before 
it ended up going bad." – Household 3 

 
 

Feedback must be meaningful. When no feedback was given at all during the 

baseline period, users were unsure if the tasks were completed properly. Although they 

had no issues adhering to the act of sorting food waste into the scale, the lack of feedback 

from the tablet interface was not a comforting experience. Users felt that the nature of 

baseline condition kept them anxious and slightly on-edged. Although users were briefed 

prior to the study to manage their expectations about baseline period (i.e., they were told 

that no information is shown for the first week), they still said they could not shake off the 

odd disconnect between the physical presence of the tablet and the expectation of data on 

the app screen.  

By the experimental week, users were excited to see a different view, but ultimately 

expressed dissatisfaction with their given conditions by the time the study ended. They 

vocalized issues with its ambiguity, and this was especially true for Household 1 and 3. 

Although Household 1 (metaphoric) appreciated the numeric value, the associated graphic 

was seen as disingenuous. She felt that the visualization misrepresented her actual food 
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waste to seem like she contributed more waste than actuality. She felt that the visualization 

lacked logic and was overall ridiculous. Household 3 (ambient) meanwhile only saw a 

blank-colored interface and was very confused that something was wrong with the 

interface. She said she was able to assume and later determined that the blank-colored 

screen was tied in relation to her volume of food waste. Although, her assumption was 

correct, she never saw any feedback changes during the second week because her food 

waste never exceeded above the arbitrary green color range. For Household 2 (numeric), 

she felt that the numeric values didn’t have much impact, yet she shared that it also steered 

her focus to aim below an imaginary set value she placed on herself.  

 
"So sometimes I was like, is this even working? You know, because there's nothing to 
tell me like anything happened in the first week. Because I was like, I don't know what 
I'm doing. I'm just putting this trash in the bowl. But then in the second week, I also felt 
like, the image was ridiculous to me. And because I was like, Oh, this one lemon went 
bad, you know, and I put it in the bin. And I had like, a pile of trash with a trash bag 
shows up on the screen. And I was like, come on, like, it's a lemon. It's only like, a tiny 
fraction of a whole Trash Pile. The image made no sense logically." – Household 1 
 
 “I don't feel like I use the numerical information. I feel like in general, knowing that 
we were measuring food waste either way was useful. I was trying to be more creative 
with using our food. And so that was not always successful. But then again… I did for 
like, no reason, arbitrarily not want to pass 1000 grams for some of those days. I think 
one day we got close to like, a kilogram in the bin. And I was like, I don't want to reach 
that 1000 grams." – Household 2 
 
"I think I was expecting something similar to like the date and time screen on the first 
week. I didn't expect to see a blank-colored screen on the second week and I think that 
was why I was nervous. Like, I thought, oh, the screen went blank. But with colors? Like 
no text? So I was like, Oh, did I do something wrong? Or did I miss something? I didn’t 
know what the green color represent. But I made some assumptions. Like maybe if I 
was throwing too much, it will be like red. I mean, that’s what I'm hoping in terms of 
interpretation." - Household 3 

 
 Data needs to be cumulative and personalized. Although some users thought 

that the daily resets (i.e., zeroing waste weight every 24 hours) was a positive aspect, they 

disliked not having comparison data from a previous day or week as reference. This day-
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by-day data was more useful for Household 1 (metaphoric) and 2 (numeric). Household 3 

(ambient), always saw a green interface with and without the daily resets because her 

waste volume never exceeded to the orange or red range. Thus, the daily resets added no 

value to her experience. The lack of reference was troublesome in terms of recall and 

retention. Users all shared that it was difficult to retain data points from the previous day 

and even more impossible to remember beyond. Due to the lack reference and comparison 

points, users found themselves not utilizing the accumulated data from previous days as a 

motivator, but rather the same-day data point and the conscious action of having to 

separate food waste. Ultimately, users stressed that they want comparison data that could 

be personalized and accumulated throughout a whole year. They believe that there some 

unfair representation of their waste by just a week and that for the PoC to be useful, they 

thought it would be more realistic to have prolonged use to reduce oddities and variances 

for certain days/weeks/months.  

 

“Like maybe if that's me filling up a landfill over a year, like here is your you know, 
image of how much trash you've wasted over the year? How much food you wasted, 
right? And then that might make more sense like, oh, okay, yeah, I have filled up like, 
four or five trash bags of food waste over the year. Like, that would be so much less 
ridiculous.” – Household 1 
 
"Not super meaningful, because I didn't like have much of a frame of reference for it. 
But I'm sure that I could look up, you know, American household average food waste 
per year for a week or per day or something. But I don't know, the number of normal 
for a person. So I can't compare. I couldn't compare that number to like, is this more 
than what I've thrown away?" – Household 2 
 
"I think all of it is useful, like the cumulative aspect is big like to look back on the year 
and see what this is. This is the rate all the things that you threw out And these are the 
things that get, like five pounds, or this two pounds or that, you know, that will have 
been very informative to but also like, daily, weekly, and monthly are definitely, I think 
useful as well." – Household 3 
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Physical act of sorting is significant. The physical act of sorting was powerful in 

terms of body movement and visual cues. However, users also admitted that two weeks of 

use was not enough to know if the added workflow would become tiring as time goes on. 

Despite this, Household 1 (metaphoric) thought it was a straightforward process, akin to 

recycling or composting. Household 2 (numeric) felt guilt-stricken by the visual reminder 

of the food waste bin. Meanwhile Household 3 (ambient) believed that it laid down a 

conscious behavior due to the frequency of repetition. 

 
"Like I don't feel like I had to incorporate anything difficult really. Again, like I just get 
to put food discards in this bin, and it weighs it automatically and so I didn't feel like it 
added any additional effort into my overall day. At the very most very, very little. It’s 
kind of like recycling or composting. You set it and forget it." – Household 1 
 
“It was like a very visual reminder on the kitchen counter all the time. Even in the week 
when I couldn't see the weight on the screen, even just seeing the amount of food 
visually in the bin…like the fuller the bin, the worse I felt.” – Household 2  
 
"I think just being in the study for two weeks, doing the, you know, laying down, you 
know, like conscious behavior. So just the act of having to participate in the 
interaction, and then almost everyday, like, repeating the same behavior, or at least 
thinking, am I gonna throw this out? Or is there a way for me to eat it before I have to 
throw it out?" – Household 3 

 

 
Contingency based on improvements. Overall, users saw potential in the PoC if 

modifications are made to improve on future iterations. The following are suggestions and 

inputs users provided. First, the type of data should be more refined with better 

breakdowns to show what/how/why their personal food waste volume mattered. One user 

proposed showcasing a national average but asked to not include data from other users. 

Their reasoning to exclude a leaderboard concept was that it should be less of a guilt-

ridden competition, and more of a personal motivator. Users also believed it would be 

beneficial to include cost association year-over-year (YOY) in some capacity, rather than 
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short-term periods. Second, they want the PoC to consider refining the app into a 

pocketable option. Household 1 and 3 wanted to remove the tablet experience altogether in 

favor for a mobile phone experience. They were proponents for the phone view because 

the tablet took up space in their small kitchen counter spaces and their cats often tried to 

knock the PoC down. Household 2, however was more interested in a more localized view 

in the kitchen and so she would prefer to install the app on a nearby tablet or on a smart 

fridge screen. This screen should not be kept on continuously and should go on sleep mode 

until it senses a user presence nearby. Users want it discrete enough to blend into their 

environment/decor. The refined app needed to be accessible and unobtrusive. Users 

wanted information that is accessible through notification prompts. These prompts would 

be customizable in terms of frequency and would contain summaries of food wasted 

related data. Lastly, when users were asked to think about the PoC in terms of future state 

phases (e.g., short-term a few years v. long-term 10+ years), they offered a few solutions. In 

terms of short-term expectations, they were interested in seeing 1) an upgrade in data 

suggestions for disposing different kinds of waste responsibly, 2) a simple sturdy washable 

scale, and 3) data to show how much plastic and compost has been accumulated. In terms 

of long-term, users fully expect a smart/AI capable bin to automatically track varying types 

of household waste (normal, food, recyclables, compost) without any added effort from the 

user. The accompanying app would display data breakdowns of these contents and it 

would somehow integrate with the fridge to inform users of ingredients’ freshness lifespan. 

Lastly, the device must be cost effective long term, and should have lower-end of higher-

end variations similar to the Google Mini and Google Home.  
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"Um, so cost is weird because I, in my head, I don't know how they would calculate how 
much the things are. I guess that could be interesting to see as a motivator. Like, oh, 
you wasted $15 in food this week, you know, like, be more careful. Like, that could be 
interesting as a motivator." – Household 1 
 
“But maybe it being a whole other device is weird, maybe it’s better if it was like some 
sort of app on my phone. So then I could just look it up on my phone. Maybe it would 
like ding my phone or something when I put in like way, like notification. Yeah, 
notification or something. Okay, so it's almost like, I put something in there. It's akin to 
me providing an email to you, and you get an email notification with a little, little 
snippet of information." – Household 1 
 
“So in terms of a couple of years out, I would be impressed with the tech giving me 
suggestions on how I can use certain items or how I can dispose of them responsibly, 
and having the data on myself and others to compare with. In terms of ten or more 
years out, I would expect to be able to just throw it away and it weight it separately 
without needing the extra scale. I would also expect it to know what I threw away, like 
it would know I threw away 23 blueberries and 2 lemons and a head of broccoli. And 
that last stuff could be added to my data and suggestions. Maybe also some sort of 
grocery list integration. Like it says are you sure you want to get more blueberries, you 
just threw away 1/2 a pound yesterday.” – Household 1 
 
"And, you know, if I'm trying to imagine the type of person or personality who would 
be interested in implementing this sort of routine in your kitchen, or this new 
technology, my dad would be someone who would like it and like maybe an 
environmentalist, or kind of a hippie or just like, generally, progressive social 
consciousness type of views and stuff." – Household 2 
 
“I wouldn't change the prototype very much. It makes sense to me to have the interface 
really close to the bin and the scale, I wouldn't have wanted to pull my phone out of my 
pocket every time. But we do have a lot of counterspace. So an app might be like more 
ideal to somebody with a smaller kitchen.” – Household 2 
 
“Short term what I would hope to see is you know, like a prototype or the hardware 
that that I feel confident that I won't break. I want it to be pretty sturdy, maybe even 
washable, you know, for hanging around by rotten food. And like I want it to be as 
simple and as convenient as possible in terms of the interface. Whether that's on my 
cell phone or on a screen in my kitchen. Now, in terms of long term , I want an all-
knowing fridge with this app so that it can categorizes each item that is integrated 
with the trash scale and detect what's been taken right out of the fridge and thrown 
away.” – Household 2 
 
"So the screen being on always was not interfering, but a bit maybe bothersome. 
Intrusive, I guess. Because I wake up like around 5:30 in the morning and so it's like 
very dark. And then I go to the living room/kitchen and the screen was bright green. I 
don't think it was intrusive, just distracting. We used live in an apartment like two 
years ago with the Nest thermostat. And it turns dark, I think when you're not using it, 
or when you're not close to it. And I think it blended better into the environment stands 
out less in terms of décor too." – Household 3 
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"Instead of like a separate tablet I think just because like we are, you know, used to 
using our phone and we already get notifications about the things that are important 
to us. I think it would have been easy to use apps. Especially in real life in the future, I 
think, gosh, if this next thing that’s cool." – Household 3 
 
“Okay, like, in five years, definitely show recycling and composting information too. 
Like oh, you use a little plastic from this food item. Because when you buy veggies from 
Trader Joes, everything is in plastic. Basically, I also want to see the data showing like 
what's compostable, what's recyclable and even down to like, what type of recyclable 
that you have, like you mentioned plastic paper, aluminum, things like that. In like ten 
years from now, I want the scale to be really smart, like powered by AI so I don’t need 
to do so much but throw something in the bin and it just separates the food waste from 
normal trash, plastic and compost too. Oh but also it needs to be cost effective. Maybe 
have different versions like how Google has a google mini for much cheaper than 
Google home. ” – Household 3 
 

 

 

Discussion  

 

 The qualitative exploration of the PoC revealed important findings about the 

potential of the technological solution within the food waste domain. By implementing the 

device into users’ home, we were able to capture enough insights to learn about its 

potential for real-world applications.  

Unobtrusive, but Feelings of Guilt Amplified through Visual Cue & Act of Sorting 

 Based on users’ overall experience, the PoC is flawed but yielded positive reception. 

Users did not encounter a difficult learning curve, nor did they express resistance with 

compliance. Prior to the study, users did not have a good baseline understanding of their 

own food waste production but maintained the belief that it is minimal. Experience with 

the PoC allowed some users to confront this previously unknown datapoint. Ultimately, the 

PoC was deemed unobtrusive but effective in terms of amplifying guilt due to the act of 

sorting food waste and visual cue associated with the activity. Additionally, the physical act 

of sorting laid down groundwork for awareness due to the repetitive nature of the task. 
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Figure 80. Eco-feedback conditions. 

Unmeaningful Feedback Impacted Perception of Usefulness 

Users were not satisfied with their respective eco-feedback conditions, citing 

ambiguity and lack of trust with the interface (Figure 80). Although it was expected to see 

users struggle with contextualizing their food waste during the baseline period (no 

feedback), it was surprising to learn that each eco-feedback condition yielded more 

negative reactions than positive. For example, the user from the metaphoric condition felt 

that despite seeing a numeric value, the visualization that was paired with it lacked logical 

sense. The user believed that the landfill graphic escalated more than what her actual 

contribution was (i.e., a lemon in the bin showed a nearly full landfill graphic). User in the 

ambient condition was unable to tie any information in relation to the displayed color. For 

example, she only encountered a green display throughout the entirety of the experimental 

period simply because her food waste never exceeded above the set range for green, 

orange, and red. Although she was in the good zone, there was no way for her to see weight 

information between each day. So, while behind scenes datapoints changed, it remained 

stagnant on the user end. For the user in the numeric range, it was a slightly better 

experience in terms of perceived motivation for waste reduction. However, the user felt 

that the numeric value was only useful for the setpoint, as the number only increased or 

decreased. This was not considered meaningful as it lacked relational value and did not 

inform if she was in a safe or problematic range.  
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Lack of Comparative Data Affected Users’ Perceived Awareness/Motivation 

In terms of the actual data (i.e., volume of food wasted in grams), users disliked the 

simplicity and wanted comparison data points from a previous day or week as a reference. 

As a note, while each user experienced the second week differently, the data itself 

remained the same across all three conditions. They all believed that the lack of reference 

made it difficult in retain/recall and thus it was impossible to draw from experience to 

inform/motivate. Additionally, they stressed that prolonged use of the PoC would 

showcase a more realistic portrait of their lives as there was too much variation each week 

for a good comparison. Month long and yearlong data on the other hand, would better 

represent their overall household food waste for more prudent changes. 

Receptivity of the PoC is Contingent on Suggested Improvements 

 Despite these issues, users saw a potential for future state, but it is contingent on 

improvements. These improvements include better breakdowns of the data (what does the 

data mean/how did this data accumulated/why does this data matter), types of data it can 

show (e.g., costs, freshness), and feedback (i.e., give users options to see multiple views). 

Users also wanted an app that allows interaction rather than an inoperable interface (as 

used in the study). The app would allow users explore various features and data, like the 

existing apps for health/wellness and energy use. In addition, it should include push 

notifications of data highlights. Users proposed that the app would be easiest to access on a 

mobile device, but users should also have the option to also install the app on a tablet or on 

a smart fridge screen for a more localized experience in the kitchen. Finally, when users 

were asked list feature requests (future state 10+ years), they all arrived to the idea of 

smart bin system (separate from the app) that would use machine learning to 
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automatically track and distinguish between varying types of household waste (normal, 

food, recycles, compost). The accompanying app would have to be refined enough in future 

state to retrieve data from the fridge and inform users of the ingredients’ freshness 

lifespan.  

Key Takeaways 

The intent of Study 3 is to understand if and how technology can influence and 

encourage consumers to reduce food waste at home. Specifically, we explored the 

following—1) Would the introduction of an eco-feedback yield perceived changes in 

awareness and behaviors? 2) Would users find value in the type of eco-feedback they 

experienced? 

Our findings uncovered five themes that helped us understand the potential and 

shortcomings of this study’s technological approach. Based on the user feedback, we’ve 

learned how eco-feedback in general (metaphoric, numeric, or ambient) created greater 

visibility on their household food waste. Specifically, users reported heighten awareness 

and guilt under the presence of the device and eco-feedback conditions. In terms of the 

pain points, users were explicit in their annoyances and frustrations with the design 

elements of the feedback and the data. We had opted to simplify the data view purposefully 

(i.e., reflection of waste weight only) to ensure fewer confounding variables across the 

three eco-feedback views for comparison purposes. When users reported unsatisfactory 

reports of the feedback being ambiguous (i.e., ambient lighting did not show incremental 

changes) and disingenuous (i.e., landfill metaphor not matching expected contributions) or 

data being less useful without a point of reference (i.e., daily data resets without data from 
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previous day or week), we were able to determine key improvements across the three eco-

feedback data views based on user input for a future iteration of the research design.  

The built of the PoC replicated design elements from previous sustainable HCI 

technological solutions and ultimately, the qualitative exploration of Study 3 was successful 

in capturing insights that the previous food waste prototypes did not. We were able to 

address our research purpose and determine that 1) the introduction of an eco-feedback 

yielded perceived changes in awareness and behaviors and 2) the current state of the eco-

feedbacks was not found of value, but users proposed changes to address each point of 

contention for a better experience.  

Although the nature of a PoC is unrefined, PoCs offers researchers and designers the 

ability to explore ideas without fully fleshing a complete product. The benefit of 

establishing a PoC in the initial product development to reduce risk of wasting resources 

and directions. Our findings highlight the potential of technological solutions within the 

food waste domain and as one of the few technological explorations that focused on the 

user’s experience, we now have the data to suggest researchers to continue refining the 

technology for industries to adapt. 
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CHAPTER 6 

GENERAL DISCUSSION 

 

 The overall purpose of this research was to determine if there could be any value in 

implementing a technological solution to combat household food waste. To aid in the 

discovery, two-thirds of this research investigated the influences of household food waste 

through survey/interviews and one-third implemented a proof-of-concept technology into 

homes to gather exploratory insights from users. The following research questions were 

raised in the discovery, 1) What are the day-to-day habits that influence food waste? 2) 

What else can we learn from food waste data when context is provided? 3) How can 

technology influence and encourage consumers to reduce food waste at home? 

 Study 1 surveyed individuals across the United States and captured a wide range of 

socioeconomic characteristics, dietary, and food-related responsibilities. In terms of 

motivation to reduce food waste, monetary savings was ranked highest in terms of 

importance. On the other hand, respondents were less likely to consider loss of time (e.g., 

spent 4 hours making a meal) and loss of resources (e.g., amount of water and energy it 

took to get food to consumer hands) as good motivating factors to consider. Although 

motivations served to counter personal food waste contributions, many respondents were 

likely to prioritize health (food safety concerns) over monetary loss and internal/external 

guilt. This complexity was also shown in respondents’ attitudes, awareness, knowledge, 

and behaviors. They recognized the concept of food waste and felt relatively informed, but 

also significantly underreported their contribution (10%) when comparing themselves to 

the national average (30%–40%). More than half (58%) of respondents also reported not 

seeking out additional education resources to reduce waste efforts, despite reporting that a 
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fair amount of their wasted food could be avoided. Reports of a fair amount of avoidable 

food waste aligned with their attitudes, with only 57% of respondents feeling bothered by 

discarding uneaten food (food waste) in comparison to leaving the faucet dripping (water 

waste). Based on these reports, we know that respondents are aware of the problem space 

and are knowledgeable to an extent, yet they are underreporting their contributions and 

admitting to lackluster attempts to reduce food waste. These findings are not unique to our 

sample, as previous and current research have captured similar sentiments (Neff et al., 

2015; Niles et al., 2020).  

 We able to gather general information about respondents such as food purchase 

preferences/frequencies, cooking preferences/frequencies, household responsibilities, 

shopping preparations, and more through the survey. However, we were unable to identify 

reasons behind the conflicting attitudes of household food wastage and behaviors. To 

supplement the gap, Study 2 interviews contextualized the survey datapoints through 

interviews and formed a more well-rounded understanding of behind the contradictory 

attitudes, awareness, and behaviors. Through this, we uncovered several key influences 

such as how household upbringing shaped later lifestyle choices, how food handling skills 

are acquired through the same sources at different periods of life, how maintaining some 

form of organizational habit aided with food waste reduction efforts, how household 

composition directly impacted dietary preferences and responsibilities, how scarcity v. 

surplus of resources played a role in the consumption of less-than-optimal ingredients, and 

how being open to unique solutions allowed less regimented cooking styles to emerge and 

more receptiveness to technological interventions. Previous studies on the main drivers of 

food waste have also identified similar findings such as inadequate time management, 
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familial lifestyles differences, inaccurate knowledge of food preservation, and inventory 

mismanagement (Aschemann-Witzel et al., 2015; Boschini et al., 2020; Özbük & Coşkun, 

2020). 

 Lastly, Study 3 introduced a proof-of-concept (PoC) technology into three 

households to understand if it could influence/encourage users to waste less food and if 

the feedback could benefit users. The PoC synthesized real-time food waste data into three 

forms of eco-feedback (metaphoric, numeric, ambient) to compare against a baseline (no 

feedback) period. Findings showed that users were receptive of the PoC concept, and they 

noted that the technology had potential if changes are made to address its flaws. What we 

can draw from users is that the PoC incited some perceived changes in awareness and 

behavior. According to users, the PoC amplified feelings of guilt through the act of sorting 

food waste and the visual cue associated with the activity. The repetitive nature of the task 

also laid down groundwork for awareness of their everyday contribution to wasted food.  

 In terms of value, users reported that seeing some form of food waste feedback data 

(regardless of if the feedback was well-received or not) was better than having no feedback 

data at all. This is interesting, since the three eco-feedbacks (metaphoric, numeric, 

ambient) were received poorly due to its limitations. Limitations such as ambiguity and 

lack of trust due to poor contextualization were present for both metaphoric and ambient 

conditions. The visualization in the metaphoric condition showed a graphical visual 

representation of wasted food. Unfortunately, the visualization was deemed illogical as the 

landfill graphic escalated more than what their actual contribution was (i.e., a moldy lemon 

in the bin showed a nearly full landfill graphic). The ambient feedback lack of color 
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gradience and in its current form, can only hard switch between colors. No matter how 

much is thrown away, if it stays within a set color range, the interface will remain the same 

color. In our case, the user only saw one color for the whole week because their food waste 

never exceeded above the set green range. Given how little information could be gleaned 

from the ambient condition, the user never encountered useful data in the second week. As 

for the numeric condition, the user was able to see the food waste weight without the 

distraction of an accompanied graphic. Although the user was able to use the numeric data 

throughout the day and week, they were never able to determine what the number itself 

meant. Due to this lack clarity, the user was unable to know if they were in a safe or 

problematic zone. Lastly, all three eco-feedback conditions were overly simplified, and 

users were more interested in seeing comparison data. Users felt that the lack of a 

reference point defeated the point of seeing the data in the first place. They all believed that 

the lack of reference made it difficult to retain/recall information from the previous day 

and thus making it near impossible to draw from experience to inform/motivate next 

behavior.  

 As mentioned, despite these issues, users were still receptive to the PoC concept. 

Users saw it as a viable and feasible future state solution in a real-world application, but 

the PoC’s potential would be contingent on necessary improvements such as informative 

datapoints (i.e., what does the data mean/how did this data accumulated/why does this 

data matter) and feedback (e.g., comparison data, cost associations, freshness timeline, 

etc.).  
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Limitations  

 

There were several concerns that this study tried to minimize, however several 

issues arise unexpectantly when the worldwide covid-19 pandemic from February 2020 to 

present day. Due to the health risks, all in-person contact research were suspended for 

several months under CDC and university guidelines. Eventually, strict safety protocols 

were issued to minimize airborne spread of the virus. All university researchers must bid 

by these new requirements to obtain IRB approval for new research requests and/or 

modify current studies to continue data collection.  

 Due to the in-home nature of Study 3, it was imperative to shift the course of the 

overall study design to adhere to new safety protocols. Frequency of in-home visits to 

troubleshoot technological issues was no longer allowed. Instead, participants were guided 

through the troubleshooting via video chats. Participants were not always successful and 

when that occurred, full resets and recalibration of the app were issued. This disrupted the 

data collection portion of the weight waste and thus made certain days less accurate. 

Additionally, study period was cut down from 2 months to 2 weeks and sample size was cut 

down from 9 to 3 households. This decision was made to reduce further unnecessary 

contact with participants, but the shorter study duration prevented us from capturing a 

more realistic collection of food waste data.  

Future Directions & Contributions 

 

 Food waste prevention already has many benefits for the food industries—strategic 

adjustments to food prep and production, optimize kitchen efficiency, budget management 

(reduction in food purchases), high return on investments (ROI), and exposure to good 

publicity. Two companies, Leanpath and Winnow, have equipped commercial kitchens with 
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smart food waste scales to capture detailed reports of what and when ingredients are 

wasted. Through these reports, kitchens saw dramatic reduction of annual food waste just 

from understanding what was being wasted and what needs to be adjusted in production. 

Since restaurant businesses operate on incredibly thin margins, reducing food waste is 

favorable from a cost savings perspective.  

 Given the success of food waste reduction within the commercial sector, we wanted 

to explore a similar idea for households because of the growing presence of technologies 

and its inevitable role in transforming homes to be smarter and more data driven. From the 

outcome of our research, we were able to gather user input and learn about the promising 

role of technology within the realm of food waste reduction. This technology receptiveness 

open doors to other technological solutions, especially smart fridges. Researchers are 

already investigating unique engineering solutions for smart fridges to detect freshness 

and inventory management through machine learning and deep learning (Gull et al., 2021; 

Mallikarjun et al., 2020; Saha et al., 2020). Based on our findings, data and feedback 

presentation will be an important factor to incorporate into these engineering efforts to 

help drive potential behavioral change to reduce less food waste.  

 This study is one of the few studies to tackle household food waste through the lens 

of technology. Although technology has been involved at the agri-food supply chain (e.g., 

dynamic tracking, remote monitoring, etc.), there are no refined and intelligent options for 

consumers. Given the time-consuming nature of discovery research, findings from this 

study may serve as a starting point for practitioners within the smart kitchen sector (e.g., 
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Samsung smart fridges and appliances ) to facilitate R&D and refine designs for further 

testing.  
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APPENDIX A: STUDY 1 FOOD WASTE SURVEY 

Demographics 
D1 Gender 

o Male    
o Female    

 
D2 Age ______ 
D3 Education (Highest degree received)  

o Less than high school     
o High School     
o Some College     
o College Graduate     
o Other (please specify)  ______ 

 
D4 Ethnicity 

o White     
o Hispanic     
o Black     
o Native American     
o Asian/Pacific Islander     
o Other (please specify)  ______ 

 
D5 Are you currently serving on active duty in the U.S. Armed Forces for state and /or 
training? 

o Yes    
o No    

 
D6 Please specify your HOMETOWN residence (city/state) ______ 
D7 Please specify your CURRENT residence (city/state) ______ 
D8 How long have you reside in your CURRENT residence? (approximate) ______ 
D9 Please describe the characteristics of your CURRENT residence. 

o Central City    
o Suburban    
o Nonmetropolitan    
o Rural    

 
D10 What is your current occupation? ______ 
D11 Current Employment Status 

o Full-time    
o Part-time    
o Self-employed    
o Currently not working    

D12 Household Income 
o < 19,000    
o 20,000-$39,999     
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o $40,000-$59,000     
o $60,000-$99,000     
o > $100,000    
o I prefer not to say    

 
D13 Please describe your current ability to meet your basic needs (i.e., food, water, 
clothing, shelter, sanitation, education, transportation, healthcare, & internet): 

o I have plenty and lots to share    
o I have plenty and some to share    
o I have enough    
o I have just enough if I stretch my resources    
o I need some help    
o I prefer not to say    

 
D14 Marital Status 

o Single, never married    
o Married or domestic partnership     
o Widowed     
o Divorced/Separated    

D15 What is your current living Situation 
o Single - Living alone    
o Single - Living together with family members (parents, siblings, etc.) or 

roommate(s)    
o Single with children - Living alone    
o Single with children - Living together with children only    
o Single with children - Living together with children with family members (parents, 

siblings, etc.) or roommate(s)    
o Married/or in domestic partnership - Living together    
o Married/or in domestic partnership - Living together with family members 

(parents, siblings, etc.) or roommate(s)    
o Married/or in domestic partnership with children - Living together    
o Married/or in domestic partnership with children - Living together with family 

members (parents, siblings, etc.) or roommate(s)    
o Other (please specify)  ______ 

 
D16 What is your housing type? 

o Apartment    
o Dorm    
o House    
o Condo    
o Townhouse    
o Other (please specify)  ______ 

 
D17 What is your household size? ______ 
Q18 Please report the number of household members in the following age ranges: 
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- Children (Aged 0-2)   
- Children (Aged 2-5)   
- Children (Aged 6-12)   
- Children (Aged 13-17) 
- Adults (Aged 18+)     

We are interested in your opinions about a number of household issues. Please answer the 
following questions to the best of your ability. 
Q1 When it comes to cooking in your household, would you say… 

o You do all or most of it    
o You do about half of it    
o Someone else does all or most of it    

 
Q2R How much do you like cooking? 

o Hate cooking     
o Dislike cooking     
o Neither like nor dislike cooking     
o Like cooking     
o Love cooking    

 
Q3  How frequently do you (or a household member) cook dinner? 

o Daily     
o Several times a week     
o Once a week     
o Less than once a week    

 
Q4 When it comes to organizing the refrigerator and cupboards, would you say that you…? 

o Do all or most of it     
o Do about half of it     
o Someone else does all or most of it    

 
Q5 When it comes to shopping in your household, would you say… 

o You do all or most of it     
o You do about half of it     
o Someone else does all or most of it    

 
Q6 About how much money does your household spend on food and beverages each week, 
including foods eaten at home and away from home? (Give your best estimate) ______ 
Q7  The next question is about household goods and services that are not used as 
intended. How much does each of the following bother you?  
(Does not bother me at all, Bothers me a little, Bothers me a lot 

- Leaving the lights on in an empty room   
- Letting the faucet drip   
- Throwing out food from the fridge because it wasn’t eaten   
- Buying books that are rarely or never used   
- Buying clothes that are rarely or never worn   
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The rest of this survey will focus on the issue of food and beverages intended for human 
consumption that go unused and are discarded in one way or another (thrown out, put in a 
garbage disposal, fed to animals, composted, never harvested or sold, or otherwise not 
eaten by humans). This includes food or beverages that have spoiled. 
Q8 In the past year, have you seen or heard anything in the news, social media, or 
elsewhere about the issue of food that is thrown out or otherwise not eaten by humans? 
(Sometimes referred to as “wasted food”) 

o Yes    
o No    
o Not Sure    

Display This Question: 
If In the past year, have you seen or heard anything in the news, social media, or 
elsewhere about ... = Yes 
And In the past year, have you seen or heard anything in the news, social media, or 
elsewhere ... = No 
And In the past year, have you seen or heard anything in the news, social media, or 
elsewhere ... = Not Sure 

Q9 What did you see or hear about these issues? (Check all that apply) 
▪ Information about how much food is thrown out    
▪ Information about how to avoid throwing out food    
▪ Information about food expiration date labels    
▪ Information about composting or ways to dispose of food that is thrown out    
▪ Something else (please specify)  ______ 

 
Q10 In the past year, have you sought out any information about ways to reduce the 
amount of food you throw away? 
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o Yes    
o No    

 
Q11R Of all the food that is produced for human consumption in the U.S. each year, about 
what percent would you guess is discarded or not eaten by humans? (Do not include 
inedible food scraps and bones in your estimate). 

o 5    
o 10    
o 20    
o 40    
o 60    
o I have no idea   The following questions are about the ways that the people in your 

household buy and use food. Please think about your whole household when 
answering. 
 

Q12 Think about the last week in your household. Describe the amount of each type of food 
below that you and other members of your household THREW AWAY. 
(None  Hardly any, Some, A fair amount, A lot, We don't eat this food) 

- Fruit/vegetables   
- Bread   
- Meat   
- Milk   
- Packaged foods meant to be stored outside the fridge (like breakfast cereal, cookies, 

canned vegetables)   
- Home-made meals   

The following two questions refer to ALL types of food together (including 
fruits/vegetables, breads, milk, cheese, meat, fish, processed foods, and meals prepared at 
home and purchased). 
Q13 About what percent of all the food that comes into your household is later thrown 
away? Give your best estimate. 

o 0    
o 10    
o 20    
o 30    
o 40    
o 50    
o More than 50    

Q14 How much of this (throwing out food) could have been avoided? 



 

 167 

o None    
o A little    
o A fair amount    
o A lot    

 
Q15R Do you think the amount of food you throw out is (More, The same, Less) than the 
average American? 

o More    
o The same    
o Less   

The next few questions focus on food shopping for your household. Even if you are not your 
household’s main shopper, please answer these as you think the main shopper would. 
Q16 How often do you do the following shopping-related activities? 
(Never, Rarely, Sometimes, Often, Always, Not applicable) 

- Make a shopping list   
- Check to see what is in your refrigerator and cupboards before you go shopping   
- Plan your meals before shopping   
- Estimate how much of various items you will need before shopping   
- Stick to your shopping list in the store   

The next few questions focus on food shopping for your household. Even if you are not your 
household’s main shopper, please answer these as you think the main shopper would. 
Q17 How often do you do the following shopping-related activities? 
(Never, Rarely, Sometimes, Often, Always, Not applicable) 

- Get tempted in the store and buy appealing products that may not be eaten   
- Due to the way food is packaged, buy food in larger packages than you are likely to 

use before it spoils   
- Due to sales, buy more food than you are likely to use before it spoils   
- Shop on an empty stomach   

 
 
Q18 Following are some statements about fresh, processed, canned and frozen foods. 
Please indicate the extent to which you agree or disagree when it comes to your household.   
(Agree Strongly, Agree, Neither agree nor disagree, Disagree, Disagree strongly, Not 
applicable) 

- Because fresh foods go bad more quickly than other foods, we buy more processed 
food than we would otherwise.   

- Because fresh foods go bad more quickly than other foods, we buy more canned or 
frozen food than we would otherwise.   

- Fresh foods go bad in my household because people prefer other foods.   
- Because people in my household prefer other foods compared to fresh foods, we buy 

less fresh food than we would otherwise.   

Q19 Are there products you wish were sold in smaller packages? 
(Yes, No, I don't buy/eat this food) 
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- Bread   
- Baked goods   
- Meat   
- Bagged salads   
- Cheese   
- Other (please specify)   

Q20 Following are some changes stores can make to reduce the amount of food that gets 
thrown out. Which of the following would you like to see? (Check all that apply) 

▪ "Bulk Food" bins where I can scoop out exactly the amount I need (for instance, for 
spices, flour, sugar, etc.)    

▪ “Buy one, get one later” offers, rather than “buy one, get one free.”    
▪ Discounts on over-ripe produce or food near its expiration date    
▪ More variety in product sizes    
▪ More foods offered in resealable packages    
▪ Other (please specify)  ______ 
▪ None of the above    
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The next set of questions focuses on how your household uses food. 
Q21 How often do you and/or your household members do the following with food? 
(Rarely or never, Sometimes, Often, Not applicable) 

- Freeze fish if you think you will not be able to eat it in time   
- Use leftovers or food scraps as ingredients in future meals   
- Prioritize eating leftovers and foods close to expiration or spoilage   
- Eat at home if you have food to use up, even if you feel like going out   
- Make too much food   

The next set of questions focuses on how your household uses food. 
Q22 How often do you and/or your household members do the following with food? 
(Rarely or never, Sometimes, Often, Not applicable) 

- Eat when you are not hungry to avoid wasting food   
- Not cook food before it goes bad   
- Throw away leftovers because no one wanted to eat them   
- Throw away food because a new recipe or unfamiliar item did not taste good   
- Forget about items in your fridge until they are too old to eat   

Q23 Do you pay attention to date labels on food, such as “use by,” “sell by” and “best 
before”? 

o Yes    
o No    

 
Q24 Do you make different decisions about whether to eat foods depending on whether the 
date label says, “use by,” “sell by,” or “best before”? 

o Yes    
o No    

 
Q25 How do you decide when to throw away milk? (Check all that apply) 

▪ Look at “sell by” date    
▪ Look at “use by” date    
▪ Use my senses (smell, taste, or look at it)    
▪ Think about how long it has been open or in my home    
▪ Think about how it has been stored (e.g., whether it got left out of the 

refrigerator)    
▪ Other (please specify)  ______ 

 
 
Q26 Please click on the slider bar below to indicate your answer. You can slide the 
indicator to the position that best describes your opinion. 
In deciding whether to eat a banana, how much “brown” will you accept? 
 
 Not brown at all (0)  Half brown (50) All brown (100) 
    
   0             10            20            30            40            50            60           70            80            90            
100 
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Q27 When you or other household members dispose of food in your home, where does it 
go? (Check all that apply) 

▪ Trash    
▪ Garbage disposal in sink    
▪ Home compost bin    
▪ Compost pickup    
▪ Feed to pet/livestock    
▪ Other (please specify)  ______ 

 
The next few questions are about the reasons food does and does not get thrown out. 
Q28 Following are some statements about throwing away food. Please indicate whether 
you agree or disagree with each of them. 
(Agree, Disagree, Don't Know, Not applicable) 

- I don’t have enough time for the actions that would prevent throwing out food   
- I don’t think the amount of food I throw away costs me much money   
- My household’s uneaten food is composted, so throwing it out does not bother me   
- I want to eat only the freshest foods   
- I sometimes throw out food because I worry about food poisoning   
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The next few questions are about the reasons food does and does not get thrown out. 
Q29 Following are some statements about throwing away food. Please indicate whether 
you agree or disagree with each of them. 
(Agree, Disagree, Don't Know, Not applicable) 

- Food is natural and breaks down in the landfill, so throwing it out does not bother 
me   

- Given the amount of food that is thrown out in this country, my individual actions 
would not make much difference   

- Other people in my household don’t like when I try to use up older food   
- Other (please specify)   

Q30 How important are the following in motivating you to reduce the amount of food your 
household discards? 
(Not at all important, Somewhat important, Important, Very Important, Not applicable) 

- Thinking about people without enough to eat   
- Thinking about the possibility of saving money   
- Feeling regret about time spent shopping, storing, or preparing food not eaten   
- Wanting to manage my home efficiently   

Q31 How important are the following in motivating you to reduce the amount of food your 
household discards? 
(Not at all important, Somewhat important, Important, Very Important, Not applicable) 

- Feeling guilty about waste in general   
- Thinking about the greenhouse gases, energy and water resources it took to get the 

food to my plate (23)  
- Thinking about the idea that I can make a difference through my actions   
- Wanting to set an example for my children   
- Other (please specify)   

Q32 How much effort do you currently make, to minimize the amount of food you throw 
away? 

o None    
o A little    
o A medium amount    
o A lot    

 
 
 
 

Display This Question: 
If How much effort do you currently make, to minimize the amount of food you throw 
away? = None 
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Q33 How interested are you in taking action to reduce the amount of food your household 
wastes or discards? 

o Not at all interested    
o Somewhat interested    
o Fairly interested    
o Very interested    

 

Display This Question: 
If How much effort do you currently make, to minimize the amount of food you throw 
away? = A little 
And How much effort do you currently make, to minimize the amount of food you 
throw away? = A medium amount 
And How much effort do you currently make, to minimize the amount of food you 
throw away? = A lot 

 
Q34 How interested are you in taking additional action to reduce the amount of food your 
household wastes or discards? 

o Not at all interested    
o Somewhat interested    
o Fairly interested    
o Very interested    

 
Q35 Imagine your household decided to significantly reduce the amount of food that gets 
thrown out. How difficult would it be to do that? 

o Very difficult    
o Difficult    
o Neither difficult nor easy    
o Easy    
o Very easy    

 
Q36 How knowledgeable do you feel you are about how to reduce the amount of food you 
throw out? 

o Very knowledgeable    
o Fairly knowledgeable    
o Somewhat knowledgeable    
o Not very knowledgeable    
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Q37 What information, if any, would be helpful in reducing the amount of food your 
household throws out? Information about… 

o How to store specific items    
o How to interpret food date labels (use by, sell by, etc.)    
o What can be frozen and for how long    
o What foods are dangerous when spoiled v. simply distasteful    
o Recipes to help you use up food    
o Apps to help with shopping or portion planning    
o Other information (please specify)  ______ 
o I wouldn't want any information    

 
Diet/Lifestyle  
DL1  Does either of the following labels describe your eating patterns: 

Omnivore     
o Pescetarian     
o Vegetarian     
o Vegan     
o Other (please specify)  ______ 

 
DL2 How often do often do you find yourself purchasing the following items in the last 
month.   
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(Daily, A few times a week, Once a week, A few times a month, At least once a month, 
Never) 

- Dairy    
- Juice    
- Meat    
- Plant Based Dairy    
- Plant Based Meat Alternatives    
- Eggs    
- Fish    

DL3 How often do often do you find yourself purchasing the following items in the last 
month.   
(Daily, A few times a week, Once a week, A few times a month, At least once a month, 
Never) 

- Nuts, Seeds, Dried Fruits    
- Bread, Tortilla, Muffins, etc.     
- Grains (Rice, Cereal, Oats, Grits, Pasta, etc.)    
- Fruits & Vegetables    
- Soy products (Tofu, Tempeh, TVP, etc.)    
- Nonperishables (Canned goods, rice, chips, crackers, condiments, spices, etc.)    
- Frozen goods   

 
 
Environmental Awareness and Concerns 
(Strongly Agree, Mildly Agree, Unsure, Mildly Disagree, Strongly Disagree) 

- We are approaching the limit of the number of people the earth can support   
- Humans have the right to modify the natural environment to suit their needs   
- When humans interfere with nature it often produces disastrous consequences   
- Human ingenuity will insure that we do NOT make the earth unlivable   
- Humans are severely abusing the environment   
- The earth has plenty of natural resources if we just learn how to develop them   
- Plants and animals have as much right as humans to exist   
- The balance of nature is strong enough to cope with the impacts of modern 

industrial nations   
- Despite our special abilities humans are still subject to the laws of nature   
- The so-called “ecological crisis” facing humankind has been greatly exaggerated   
- The earth is like a spaceship with very limited room and resources   
- Humans were meant to rule over the rest of nature   
- The balance of nature is very delicate and easily upset   
- Humans will eventually learn enough about how nature works to be able to control 

it   
- If things continue on their present course, we will soon experience a major 

ecological catastrophe   

Closing Questions 
Q1 How did you learn about this Survey? 
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o Online Forums    
o Social Media/Social Media Influencer    
o Flyer    
o Word of Mouth    
o Friend/Family    
o School    

 
Q2 Thank you for your participation today. If you are you interested in participating in a 
follow-up interview (online or in-person), please provide an email contact. (Eligible 
participants will receive a $20 Amazon gift-card compensation upon completion) 

Email: ____________________________________  
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APPENDIX B: STUDY 2 INTERVIEW PROTOCOL 

 

 
[Before Interview] 
 
[Review aspects of the purpose of the study] 
 
Hi ________, it’s very nice to meet you. Before we begin I would like to thank you once again for 
being so willing to participate in the interview aspect of my study. As I have mentioned in our 
email exchanges, my study seeks to understand and identify differences in some of the day-to-
day habits that influences food practice behaviors among everyday people like college 
students, recent graduates, young single professionals, busy working parents, single parents, 
retirees, and such.  
 
The study also seeks to gauge some of the ingrained routines, motivators and barriers you 
may encounter in your own experience and household situation. The aim of this research is to 
paint a realistic portrait of individuals who have differences and commonalities so that we 
can design solutions to help challenge and mediate some of these issues you may be 
encountering. Our interview today will last approximately one hour during which I will be 
asking you about your background, your typical schedule, your routine on days when you are 
at work/school and when you are not, how you go about making meals at home, what type of 
“cook” you are, your knowledge about food handling and storage, and more.  
 
[Review aspects of consent form] 
 
In class, you completed a consent form indicating that I have your permission (or not) to 
audio record our conversation. 
 
[Review media release consent] 
 
Are you still ok with me recording (or not) our conversation today? ___Yes ___No 
 
If yes: Thank you! Please let me know if at any point you want me to turn off the recorder or 
keep something you said off the record. 
If no: Thank you for letting me know. I will only take notes of our conversation. 
 
Before we begin the interview, do you have any questions? 
  
[Discuss questions] 

 
If any questions (or other questions) arise at any point in this study, you can feel free to ask 
them at any time. I would be more than happy to answer your questions. 
 

[Turn video recording on] 
[Introductions & Chitchat] 
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- How are you today? 
- Could you please tell me a little bit about yourself and your background? 

[Overview Questions & Demonstration of activities/Grand Tour of Kitchen Space] 
Research Question #1: What are the day-to-day habits that influences food waste? 
Topics under research question #1 

- Grocery Shopping 
o Tell me how you shop for food for your household.  

[Prompt & Details as needed/Looks for gaps] 
▪ Planning & management? 
▪ Budget? 
▪ Diets & restrictions? 
▪ Recipe/meals in mind? 
▪ Sales? 
▪ Household members? 

o Can you describe a typical food shopping trip?  
[Prompt & Details as needed/Looks for gaps] 

▪ Browse vs List? 
o How do you feel about shopping for food?  

[Prompt & Details as needed/Looks for gaps] 
▪ Effort? 

o How do you decide what food you are going to buy? 
[Prompt & Details as needed/Looks for gaps] 

▪ Fresh/perishables v. shelf stable 
▪ Types of items 
▪ Impulsive buys? 
▪ Look for imperfections? 
▪ Label knowledge? (Sell by, Display by) 
▪ Mark down/Manager specials 

- Meal Preparations 
o How does your typical day look like? Please describe how you incorporate 

your meals throughout the day. 
o What are the some of the barriers that prevent you from cooking at home? 

[Prompt & Details as needed/Looks for gaps] 
▪ # of times dining in and out? 

o How do you decide what food is going to be eaten and when? 
o Tell me how you typically cook for yourself or family members? 

[Prompt & Details as needed/Looks for gaps] 
▪ Unplanned v. planned meals for the week/month 
▪ Follow recipe v. spontaneous? 
▪ Ingredient prep work 
▪ Food scraps when prepping vegs? 
▪ Proper knife skills 
▪ Cleaning out refridgerator/food pantry 

- Factors Influencing Food Waste 
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o What would you do when the fruits on the kitchen counter are ripening 
faster than you expected? 

o Tell me about your thoughts and feeling regarding throwing food away.  
[Prompt & Details as needed/Looks for gaps] 

▪ Society 
- Macro-environmental (Are they sustainably conscious?) 
- Social Influence 

▪ Individual 
- Psychographics 
- Sociodemographics 
- Economical  

▪ Do they have any misconceptions…? 
o Tell me how your thoughts and feelings may have changed over the years.  

▪ Guilt? 
▪ Aware v. Unaware? 
▪ Any changes? 

o Why do you think other people you know throw food away? 
o Tell me how you think other people you know feel about throwing food 

away? 

Reaserach Question #2: What do consumers know about the recommended food handling 
practices? 

- Knowledge/Food Storage/Scraps & Leftovers 
o How often do you pay attention to the items in your refrigerator? 

[Prompt & Details as needed/Looks for gaps] 
▪ Smell 
▪ Visual 
▪ Date/Labeling  

o Can you describe times when, if at all, does food get thrown away in your 
household? Why? 
[Prompt & Details as needed/Looks for gaps] 

▪ Suboptimal? 
▪ Leftovers 
▪ Tired of it? 
▪ Still perfectly good? 

o What do you do when you notice some items are starting to wilt or go bad? 
[Prompt & Details as needed/Looks for gaps] 

▪ Freezing 
▪ Throw away? 
▪ Portion sizes 

Reseach Question #3: How can technology intervene in order to influence and encourage 
consumers to adapt long-term changes to waste less food at home? 

o What do you think are the best or most effective ways to avoid or reduce the 
amount of food that gets thrown away in the home? 

o Which, if any, of these behaviors do you carry out yourself?  
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o Tell me how you feel about taking steps to avoid or reduce the amount of 
food that gets thrown away in your household. 

o Do you have any concerns about the effects of food waste on…? 

[Magic solution question]  
o If you had a magic tool, what would it help you accomplish? (it doesn’t focus 

on what the tool is or how it works) 
[Prompt & Details as needed/Looks for gaps] 

▪ Intervention to Reduce Food Waste? 
▪ Smart Home? 
▪ Persuasive Technology? 

[Remaining follow-up questions] 
[Establish means for future contact if necessary] 
Thank you for your time today!  
[Hands Amazon gift card] 
Here is your compensation for your participation today.  
I really appreciate your honest answers. If you have any questions, feel free to contact me 
through email.  
[Turn video recording off] 
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APPENDIX C: STUDY 3 PRE-STUDY INTERVIEW PROTOCOL 

 

 
[Before Interview] 
 
[Review aspects of the purpose of the study] 
 
Hi ________, it’s very nice to meet you. Before we begin I would like to thank you once again for 
being so willing to participate in the interview aspect of the diary study. As I have mentioned 
in the screener survey and email exchanges, my study seeks to understand and identify 
differences in some of the day-to-day habits that influences food practice behaviors among 
everyday people.  
 
Our interview today will last approximately one hour during which I will be asking you a few 
questions about yourself before jumping into questions about your food practices. 
 
[Review aspects of consent form] 
 
In the screener survey, you completed a consent form indicating that I have your permission 
(or not) to audio record our conversation. 
 
[Review media release consent] 
 
Are you still ok with me recording (or not) our conversation today? ___Yes ___No 
 
If yes: Thank you! Please let me know if at any point you want me to turn off the recorder or 
keep something you said off the record. 
If no: Thank you for letting me know. I will only take notes of our conversation. 
 
Before we begin the interview, do you have any questions? 
  
[Discuss questions] 

 
If any questions (or other questions) arise at any point in this study, you can feel free to ask 
them at any time. I would be more than happy to answer your questions. 
 

[Turn audio recording on] 
[Introductions & Chitchat] 

- How are you today? 
- Could you please tell me a little bit about yourself and your background? 

[Overview Questions] 
Question #1: What are the day-to-day habits that influences food waste? 
Topics under research question #1 

- Grocery Shopping 
o Tell me how you shop for food for your household.  
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[Prompt & Details as needed/Looks for gaps] 
▪ Planning & management? 
▪ Budget? 
▪ Diets & restrictions? 
▪ Recipe/meals in mind? 
▪ Sales? 
▪ Household members? 

o Can you describe a typical food shopping trip?  
[Prompt & Details as needed/Looks for gaps] 

▪ Browse vs List? 
o How do you feel about shopping for food?  

[Prompt & Details as needed/Looks for gaps] 
▪ Effort? 

o How do you decide what food you are going to buy? 
[Prompt & Details as needed/Looks for gaps] 

▪ Fresh/perishables v. shelf stable 
▪ Types of items 
▪ Impulsive buys? 
▪ Look for imperfections? 
▪ Label knowledge? (Sell by, Display by) 
▪ Mark down/Manager specials 

- Meal Preparations 
o How does your typical day look like? Please describe how you incorporate 

your meals throughout the day. 
o What are the some of the barriers that prevent you from cooking at home? 

[Prompt & Details as needed/Looks for gaps] 
▪ # of times dining in and out? 

o How do you decide what food is going to be eaten and when? 
o Tell me how you typically cook for yourself or family members? 

[Prompt & Details as needed/Looks for gaps] 
▪ Unplanned v. planned meals for the week/month 
▪ Follow recipe v. spontaneous? 
▪ Ingredient prep work 
▪ Food scraps when prepping vegs? 
▪ Proper knife skills 
▪ Cleaning out refridgerator/food pantry 

- Factors Influencing Food Waste 
o What would you do when the fruits on the kitchen counter are ripening 

faster than you expected? 
o Tell me about your thoughts and feeling regarding throwing food away.  

[Prompt & Details as needed/Looks for gaps] 
▪ Society 

- Macro-environmental (Are they sustainably conscious?) 
- Social Influence 

▪ Individual 
- Psychographics 
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- Sociodemographics 
- Economical  

▪ Do they have any misconceptions…? 
o Tell me how your thoughts and feelings may have changed over the years.  

▪ Guilt? 
▪ Aware v. Unaware? 
▪ Any changes? 

o Why do you think other people you know throw food away? 
o Tell me how you think other people you know feel about throwing food 

away? 

Question #2: What do consumers know about the recommended food handling practices? 
- Knowledge/Food Storage/Scraps & Leftovers 

o How often do you pay attention to the items in your refrigerator? 
[Prompt & Details as needed/Looks for gaps] 

▪ Smell 
▪ Visual 
▪ Date/Labeling  

o Can you describe times when, if at all, does food get thrown away in your 
household? Why? 
[Prompt & Details as needed/Looks for gaps] 

▪ Suboptimal? 
▪ Leftovers 
▪ Tired of it? 
▪ Still perfectly good? 

o What do you do when you notice some items are starting to wilt or go bad? 
[Prompt & Details as needed/Looks for gaps] 

▪ Freezing 
▪ Throw away? 
▪ Portion sizes 

Question #3: How can technology intervene in order to influence and encourage 
consumers to adapt long-term changes to waste less food at home? 

o What do you think are the best or most effective ways to avoid or reduce the 
amount of food that gets thrown away in the home? 

o Which, if any, of these behaviors do you carry out yourself?  
o Tell me how you feel about taking steps to avoid or reduce the amount of 

food that gets thrown away in your household. 
o Do you have any concerns about the effects of food waste on…? 
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[Remaining follow-up] 
 

- Brief participant about the diary study   
 
• We will schedule a drop-off for the prototype 
• This will be a field study and you will be given a food bin scale prototype to 

put into your home. I will be dropping off the prototype at the front of your 
residence if you prefer a no-contact experience. We will set up a date/time that 
works best for you. 

• The prototype is made up three parts --- bin, scale, and tablet 
• You will place the prototype in your kitchen to monitor your collective 

household food waste.  
• You will be given a paper instruction on the side of the trash bin to specify what 

items may be placed in the bin. Things like plastics, paper, etc. is not allowed.  
• All the data from the scale will be collected passively through an app via wi-fi 

connection on the tablet.  
• The prototype will be stay in your possession and your home for a total of 14 

days. During these 14 days, you will record your experience (thoughts and 
feelings) using the prototype through an online diary. An URL link to the online 
diary form will be sent to you via email. I will send an email as a gentle reminder 
to complete the diary form before it is due. 

• I will always be available in case you have any questions or run into an error 
with the system. Please email me for the best and fastest response.  

• When the diary study is completed after 14 days, I will set up a date/time for the 
post-diary study interview that best fits your schedule 

• And once that interview is completed, I’ll set up a date/time to pick up the 
prototype and compensate you with the Amazon e-giftcard. 

 
[Establish means for future contact if necessary] 
Thank you for your time today!  
I really appreciate your honest answers.  
If you would like to continue with this study, let’s get that prototype drop-off date/time set-up.  
If you have any questions, feel free to contact me through email.  
[Turn audio recording off]  
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APPENDIX D: STUDY 3 POST-STUDY INTERVIEW PROTOCOL 

 
 
[Before Interview] 
 
[Review aspects of the purpose of the study] 
 
Hi ________, now that you have completed the diary study, we will begin our exit interview and 
talk about your experience using the prototype over the course of 14 days.  
 
Our interview today will last approximately one hour during which I will be asking you a few 
questions about the prototype and your first impressions and thoughts about its potential, 
usefulness, etc.  
 
 
[Review media release consent] 
 
Are you still ok with me recording (or not) our conversation today? ___Yes ___No 
 
If yes: Thank you! Please let me know if at any point you want me to turn off the recorder or 
keep something you said off the record. 
If no: Thank you for letting me know. I will only take notes of our conversation. 
 
Before we begin the interview, do you have any questions? 
  
[Discuss questions] 

 
If any questions (or other questions) arise at any point in this study, you can feel free to ask 
them at any time. I would be more than happy to answer your questions. 
 

[Turn audio recording on] 
  
[Overview Questions about Prototype]  
 
Semi-structure format - Let participants talk and probe when necessary 
 
Question #1: Overall, what was your experience incorporating the food scale bin 
prototype into your everyday routine? 
 

• Do you feel like you followed the directions of the study to the best of your ability? 
• Can you tell me what was difficult about this experience?  
• What was easy?  
• Anything that was surprising that you learned about yourself, your 

household, or anything else from the experience? 
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• Let's expand a little bit more by talking about the physical aspect of sorting the food 
waste into the scale. Do you mind telling me how that was like for you and your 
household? 

• In terms of the mental aspect, do you mind telling me your experience? 
  

• Do you mind giving me some insights of your thoughts/experience from the first 
week where you were not given any information on the screen?  

  
• Do you mind describing what you saw on the second week? 

• What type of information did you see? What are your thoughts on it?  
 

• How meaningful is the information to you?  
• What do you think the information represents and how did you interpret it?  
• How did you use this information throughout the week?  

 
• What would prefer to see instead from a data perspective? Pretend that there is no 

limit, anything is possible. What would you want to see? 
 

• In terms of seeing no data v. seeing data, what was your experience like?  
 

Question #2: Did you notice some behavioral changes in your household food practices? 

• In terms of behaviors and actions? Perceptions? Intentions?  
• Has anything changed? 

• Shopping habits? 
• Cooking? 
• Eating habits? 
• Food storage? 
• Throwing out food? 

• How do you perceive the following before v. during v. a few days after using the 
prototype? 

• Awareness 
• Motivation 
• Intentions and Change 

  
Question #3: Was the prototype and the visual feedback useful?  

• Please tell me what you think about this proof of concept overall? Have you seen or 
heard of anything similar?  

• What are some highlights and pain points?  
o Intrusive? Confusing? Ambiguous? Technology issues? 

• Was there any outcomes that you that you didn't expect? 
o Perceptions? Motivation? Behaviors? 
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Question #4: Does the prototype have potential? What do you like? What would you like to 
improve?  

 
• What would deter your household from using this type of technology? (Please be 

honest, this is a broad question for researchers and not just for myself) 

• Costs? 
• Time? 
• Security? 
• Lack of interest? 

• What do you imagine the future state of a variation of this type of technology would 
be like down the line? So think of it short-term like a few years v. ten years.  

• Do you think there's a more appropriate space than consumers and 
households?  

• What can this prototype and potential technology improve on to tackle motivation 
and intentions track food waste? 

• In your opinion, would you want technology to go into the household space?  

• What kind of technology would you realistically be comfortable with and 
what wouldn't you be comfortable with? 

• Do you think some of the cognitive behavioral changes were based on the presence 
of the prototype, the instructions, or the actual feedback shown on the app? 

• Can you please expand on this with some examples? 

• Now that it has been a few days post-experience, do you feel like anything changed? 
 
 
[Remaining follow-up] 
 
 
[Establish means for future contact if necessary] 
Thank you for your time today!  
I really appreciate your honest answers.  
If you would like to continue with this study, let’s get that prototype pick-up date/time set-up. 
You will receive your compensation as soon as the prototype device is returned to me.  
If you have any questions, feel free to contact me through email.  
[Turn audio recording off] 
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APPENDIX E: INFOGRAPHIC OF ITEMS TO THROW IN FOOD WASTE BIN 
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APPENDIX F: PROOF-OF-CONCEPT BUILD 
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APPENDIX G: PROOF-OF-CONCEPT PSEUDOCODE & STORYBOARD 

 

 

Display Information: 

 

Baseline: Device will only display the time (clock) 

//Data is collected in the backend but users are not given any information. Will only need 

to see the screen showcasing the time of the day and not the food tracking information 

until the device detects a negative weight change. Only then will the user be shown a dialog 

box to interact on the screen with.  

 

Numeric: Device will only show the weight in numbers 

//Data is collected on the backend and shown to user on the front end. User will not be 

interacting with the interface unless they are removing the full trash bin to be emptied OR 

taking out an item they accidentally threw in. User will only need to see the screen 

showcasing the weight of the food waste numerically in grams until the device detects a 

negative weight change. Only then will the user be shown a dialog box to interact on the 

screen with.  

 

Ambient: Device will only show the weight in colors (green, orange, red) 

//Data is collected on the backend and shown to user on the front end. User will not be 

interacting with the interface unless they are removing the full trash bin to be emptied OR 

taking out an item they accidentally threw in. User will only need to see the screen 

showcasing the weight of the food waste through depiction of green, orange or red ranges 

until the device detects a negative weight change. Only then will the user be shown a dialog 

box to interact on the screen with.  

 

Metaphoric: Device will only show he weight graphically with the weight in grams 

//Data is collected on the backend and shown to user on the front end. User will not be 

interacting with the interface unless they are removing the full trash bin to be emptied OR 

taking out an item they accidentally threw in. User will only need to see the screen 

showcasing the weight of the food waste through metaphoric/graphical depiction until the 

device detects a negative weight change. Only then will the user be shown a dialog box to 

interact on the screen with. 
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Device will sleep until sensors detect motion: 

 

//The device is plugged into the wall outlet and will stay power on at all times. Like a 

mobile phone, the device will go inactive and asleep until it senses the users nearby and 

then the device will wake up and become active and ready to collect waste weight data or 

just for users. Baseline will show the time and eco-feedback conditions shows weight.  

 IF device sense user motion less than or equal to 12 inch distance 
THEN wake up display 
ELSE display stays inactive 
 

 
                  Baseline showing clock            Eco-feedback (Numeric condition) 
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Device will collect food waste weight when weight increase is detected: 

 

//The device will collect food waste weight continuously for the data file on the backend 

for all four conditions (baseline, numeric, ambient, metaphoric) and show daily weight 

collection to users on the front end for the eco-feedback conditions only (no waste data 

feedback for baseline).  

 IF device sense motion from the scale of a positive increase in weight 
THEN input data (timestamped & weight in grams) into the googlesheet file 
(cloud/device) 
ELSE no input 

 IF device sense motion from scale of a positive increase in weight 
THEN interface shows real-time change 

ELSE interface has no change 
 

 
 

Baseline showing only the time, but collecting data on backend 
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Eco-feedback (Numeric condition) showing weight change and also collecting data on backend  
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Device will show a dialog box & be marked in the data when negative weight change 

is detected: 

 

//When the device detects a negative weight change two things will happen. (1) A dialog 

box will pop up to ask the user whether the subtraction of weight was intentional or 

accidental—intentionally emptying out the trash bin v. accidentally throwing in plastic and 

picking it out of the bin (2) The googlesheet file will mark the subtraction in weight as 

intentional or accidental after the user confirms in the dialog box.  

 

GENERAL: 

IF device sense motion from scale of a negative decrease in weight 
THEN interface shows dialog box asking if it’s intentional or accidental 
ELSE no dialog box is shown 
 

 

 
 
 

  



 

 194 

 

SPECIFIC – INTENTIONAL: 

//If the weight removal was intentional (ex: if the user intentionally removes the 
trash bin from the scale), user will confirms that it was an intentional action on the 
tablet screen, the weight will “lock” in place and continues where it was left off as 
soon as trash is emptied and returned back on the scale. 
 
IF user remove bin off the scale to take out full trash bag 

  THEN interface shows dialog box asking if it’s intentional or accidental 
 IF user selects intentional 

THEN dialog box exits  
THEN user returns to the interface  
THEN interface “freezes” the weight  
ELSE dialog box stay up 

IF user selects intentional 
THEN input data (timestamped, weight in grams, & mark as INTENTIONAL) 
into the googlesheet file (cloud/device) 
ELSE no input 

IF user returns empty bin with new trash bag on scale 
THEN interface “unfreeze” weight (continues where it is left off) 
ELSE interface shows “frozen” weight 
 

 
Baseline showing only the time 

 

Return user to screen with the clock 
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Eco-feedback (Numeric condition)  
 

SPECIFIC – ACCIDENTAL: 

//If the weight removal was accidental (i.e. if the user marks the action as an 

accident…taking out something that’s not on the approved list of things you can 

throw in the bin scale system), user will confirms that it was an accidental action on 

the tablet screen the weight will go back to the weight before the accidental product 

was added.   

IF user removes an item from the bin (after throwing something in by accident) 
  THEN interface shows dialog box asking if it’s intentional or accidental 

IF user selects accidental 
THEN dialog box exits  
THEN user returns to the interface  
THEN interface subtract last item’s weight that was taken out from bin 
THEN interface shows last known waste weight  
ELSE dialog box stay up 

IF user selects accidental 
THEN input data (timestamped, weight in grams, & mark as ACCIDENTAL) 
into the googlesheet file (cloud/device) 
ELSE no input 
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Baseline showing only the time 

 

Eco-feedback (Numeric condition) 

 

 

 

 

Device will reset daily waste weight to 0grams (24 hour period, start @ 12AM): 

//Device will collect data continuously but it will reset back to 0grams at every 24 hours by 

12am. The user will see 0grams starting at 12am until the device detects the weight of the 

items thrown into the bin.   

 IF time is equal to 12am 
THEN reset food waste weight to 0grams 
THEN input line of data (timestamped & weight in grams) into the google 
sheet file (cloud/device) 
ELSE no reset 

 

Return user to screen with the clock 
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Baseline showing only the time while it resets on the backend 

 
 

 
Eco-feedback (Numeric condition) resets frontend and backend 

 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 198 

Data file upload - File is on the tablet as a backup, but primarily fed into 

GoogleSheets at intervals: 

//Device will feed data into a googlesheets file. The file will provide timestamps, collect 

weight data (grams) each time the device detects a change in weight 

(addition/subtraction), and show whether a subtraction in weight was intentional OR 

accidental. This information is collected in real-time and also saved onto the tablet as a 

backup. (Only showing examples of numeric, baseline basically only collects data on 

backend and interface only showcasing the time the whole time to the user) 

 IF device detects change in weight 
THEN input line of data (timestamp, weight in grams & mark as 
accidental/intentional as necessary) into the google sheet file (cloud/device) 
ELSE no new line of data in file 
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Switching conditions from baseline to eco-feedback : 

 

//One invisible button for RESEARCHER ONLY (password protected) to switch from 

baseline condition to eco-feedback condition for second month of the experiment. To open 

this screen, the invisible button will be located on the top right corner. To activate the 

invisible button, press & hold for 5 secs until the screen opens. The researcher will enter 

password and the four eco-feedback options (baseline, numeric, ambient, metaphoric) is 

shown. The researcher will select one of the conditions and the screen will open up to that 

condition. 

 IF researcher press and hold top right corner of the screen for 5 seconds 
THEN screen options open to password protected dialog box 
ELSE interface has no change 
 

 
 

 IF researcher enters password  
THEN activate ‘ok’ and ‘cancel’ 
ELSE do not activate ‘ok’ and ‘cancel 
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 IF researcher selects ok 
THEN display the four eco-feedback options (baseline, numeric, ambient, 
metaphoric) 
ELSE do not display the four eco-feedback options 
 

        
 
 

 IF researcher selects one of the eco-feedback options (baseline, numeric, ambient, 
metaphoric) 

THEN exit and activate the selected eco-feedback option 
ELSE stay on the same screen showcasing the eco-feedback options 
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APPENDIX H: PROOF-OF-CONCEPT FINAL SOURCECODE 

 

 

 

 
 

Source code file can be downloaded at: 

https://github.com/domstoppable/FoodWasteScaleAndDisplay 

 

  

https://github.com/domstoppable/FoodWasteScaleAndDisplay
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APPENDIX I: PROOF-OF-CONCEPT TECH NOTES 

 

Solutions to potential issues: 

o Operating system can lock up (freezes) 

▪ Give hard reset instructions for users 

o Wifi and internet might go out 

▪ Save data files directly on tablet and upload them at intervals 

o Users Might accidently close the app  

▪ Make the eco-feedback software THE launcher with a few lines of codes 

(prevent from exiting the app) 

o A glitch that doesn’t let the waste weight to reset after 24 hours 

▪ Include a button that let’s users manually “tear” the weight back down to 

0. (Make sure to add in a confirmation yes/no if they really want to 

complete the action) 

o The bin-system stays frozen and unusable. 

▪ Researcher will be informed of the problem by email (Instructions given 

to user inform researcher and anything abnormal occurs) 

▪ Researcher will schedule an appointment to come on the day of the issue 

or next day. 

▪ Researcher will come and try to troubleshoot the problem quickly, but if 

problem persists….a backup is provided 

• 3 backup bin-systems available to replace a faulty bin-system in 

users’ homes. Faulty bin-system will be taken back to researcher 

home to troubleshoot. Fixed faulty-bin will be become a back-up. 

Further specifications about the technical aspects of the bin-system 

o Food waste weight will reset daily to 0grams. 24 HOUR PERIOD ONLY. 

o Data is fed into googlesheet at intervals. Data file is kept on tablet and sent to 

googlesheets. 

o How to keep the screen on without the user touching it? 

▪ We opted to NOT keep screen on continuously 

▪ Instead, we are installing motion sensors—PiR sensors (Passive infrared 

sensors) that can detect when users are in the kitchen space. This sensor 

will detect the user’s motion and “wakeup” the tablet screen to show how 

much food waste is currently in the bin. (PiR are used in a lot of ceiling 

lights, so it’ll work the same way) 

o Taking the bin off…how does that affect the data and the information that is 

shown to the user (how will the software know where the weight was last left off 

and how will the software know to not go down to “0” when bin is gone” 

▪ Make a small dialog box that pops up as soon as the sensor is triggered by 

a sudden lost of weight.  
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• Ask user “did you empty the bin?” yes/no to confirm so the waste 

weight sticks and stays as is. 

• Ask user “did you take out an item from the bin?” yes/no to 

confirm so that the scale tags this timestamp appropriately to 

show that an item was accidentally thrown in (e.g. plastic) and 

then taken account. This accounts for a weird change in weight in 

short interval when it’s a loss. 

o How to switch from baseline to a eco-feedback condition in second week (when 

device is at the household) 

▪ The app will be coded in a way that has a button that is invisible to the 

user. The invisible button will require a special tap to launch a setting (it 

will have a password in case the user accidentally opens it). This setting 

will allow the researcher to switch from baseline condition to one of the 

feedback condition. (Ex: self-check out at the groceries, the cashier 

double taps on the corner of the screen to open up a setting to accept 

coupons) 
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APPENDIX J: HOUSEHOLD 1 REFRIDGERATOR PHOTOS 

 

 

 

Pre-study 

 
 

 

 

 

Mid-Study 
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Post-Study 
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APPENDIX K: HOUSEHOLD 2 REFRIDGERATOR PHOTOS 

 

 

Pre-Study 
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Mid-Study 
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Post-Study 
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APPENDIX L: HOUSEHOLD 3 REFRIDGERATOR PHOTOS 

 

 

Pre-Study 

 
 

 

Mid-Study
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Post-Study 

 


