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Abstract 

Energy use in the U.S. residential sector accounts for a substantial portion of the 

United States’ greenhouse gas emissions when considering residential buildings, personal 

transportation, and food. One opportunity to significantly lower this footprint is to focus 

on individual-level behavioral changes. To date, however, few climate- and energy-

related behavioral interventions have been designed, implemented, rigorously evaluated, 

and reported in peer-reviewed literature. This dissertation begins to address that gap 

using an interdisciplinary, mixed-methods approach that targets different population 

segments with studies that aim to better understand and reduce energy use in homes. 

Three studies constitute this dissertation: (1) identification of options for sizable 

residential energy savings; (2) design, implementation and evaluation of a theory-based 

behavioral intervention to motivate reductions in residential energy use, and (3) 

investigation of the concept of “global identity,” which is hypothesized to be associated 

with change in energy use behaviors. The first study identifies viable energy-saving 

alternative behaviors from experts and historical and contemporary cultures to inform the 

increasing number of behavioral interventions being planned and developed. This project 

uses exploratory ethnographic and design methods to develop foundational insights on 

these issues from a user-centered perspective, specifically among adults. The project 

identifies over one hundred options, as well as distinct principles to guide energy 

reductions. The second study undertakes the design, implementation, and efficacy of a 

social cognitive theory-based, school-based intervention for adolescents in a public high 

school setting. Results of the randomized controlled trial indicate significant 

improvements in energy- and greenhouse gas emissions-related behaviors in students 

who received the intervention compared to controls. The third study examines the 

measurement characteristics of a global identity measure previously used in other 

domains and its relationship to energy- and greenhouse gas emissions-related behaviors 

in a subsample from the intervention study, finding global identity to be directly 

associated with those behaviors. Collectively, this work uncovers insights about home 

energy use and other greenhouse gas emissions-related behaviors and potential ways to 

change them, and will inform the design of future behavioral interventions.     
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Introduction 

Motivation and Opportunity  

Human fossil fuel-based energy use releases greenhouse gas (GHG) emissions 

that are warming the atmosphere at an increasing rate (Parry et al., 2007), creating a 

number of adverse impacts including those on ecosystems, human well being, and energy 

security, among others. For example, increasing rates of ice sheet melt and sea level rise 

(Rignot et al., 2011; Hansen et al., 2011) are transforming ecosystems. Severe climate-

induced storms create flooding that can lead to climate refugees (Biermann & Boas, 

2008) in developing nations such as Bangladesh, necessitating their immediate migration, 

adaptation to new surroundings and scarce basic resources, and formulation of new 

livelihoods (Tacoli, 2009). Moreover, growing energy demand (IEA, 2008) can adversely 

affect global energy security through price instability and supply disruptions (Kruyt et al, 

2009). The United States (U.S.) is also vulnerable: for example, blackouts can result from 

heat waves and severe storms, as they did in the Northeastern states in summer 2012 (AP, 

2012). Many scientists and policymakers recommend we reduce GHG emissions as 

quickly as possible to alleviate such impacts (e.g. Parry et al., 2007; Barnosky et al., 

2012).  

Many of these impacts are cumulative effects of seemingly benign everyday 

human activities. As one researcher explains:  

“…global climate change is still a classic example of the tragedy of the commons. Since 

atmospheric use is free to all, businesses, individuals, and governmental entities throughout the 

world use it as a great waste repository, resulting in the tremendous threat today to the world's 

climatic system.” (Thompson, 2000, p16).  

 

There are significant political barriers at the global level that have thus far prevented any 

expedient solutions (Thompson, 2000), and behavior is influenced by contextual factors 

at multiple levels (Stern, 2005; Dietz & Stern, 2002). I choose to study the problem of 
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energy use
1
 at the individual level, where many of the emissions occur, and I include 

contextual factors at institutional and other levels (see Chapter 1). The individual 

perspective reveals an interesting paradox: individuals undertake activities to meet their 

daily needs, and many of these activities tend to be energy-intensive, thereby exposing 

them collectively to risks from threats posed by climate change and energy security 

impacts. Thus, reducing the energy impact of these daily actions and identifying 

alternative, low-energy actions seem useful ways to lower GHGs (Stern, 2005; Dietz & 

Stern, 2002).  

To explore the possibility of expedient, inexpensive, and effective solutions at the 

individual level, I employ a behavioral approach that focuses on daily GHG-emitting 

activities (see Figure I.1). Specifically, I apply a community-based approach (Bandura & 

Adams, 1977) in lieu of modeling or lab studies, in order to achieve actual behavior 

change through my research. A review of past research on community-based, energy-

related behavior change efforts and interventions
2
 reveals a paucity of rigorously 

implemented, well-evaluated, and peer-reviewed studies in the literature (Cornelius et al., 

under review). There are even fewer experimental interventions that have demonstrated 

significant changes in behavioral outcomes. Moreover, many of the barriers to achieving 

reductions in energy use are behavioral (Parry et al., 2007; Richter et al., 2008), 

suggesting opportunities for further progress using a behavioral approach. To address 

these gaps, I draw from public health research on changing addiction, obesity, and other 

health-related behaviors (Strecher 1986; Bandura 1986; Maccoby and Farquhar 1975; 

                                                             
1 Throughout this dissertation, I refer to terms such as energy use, energy savings, energy-related behaviors, 

GHG reduction, climate change, energy security, and environmental sustainability. I study how energy-

related behaviors can bring about GHG reductions, via energy savings, so my work touches on both 

reducing energy use and reducing GHGs, but for brevity I do not use both terms throughout the 

dissertation. I use energy security and climate change mitigation as two separate potential motivators for 

behavior change. Moreover, I use different terms because they offer slightly different frames for thinking 

about these issues that may appeal to different audiences with interest in environmental and energy issues. I 

attempt to use the frame(s) that best technically describe(s) the research I have conducted. In summary, 

Chapter 1 identifies options for energy use reductions that bring about GHG reductions, but because I focus 

on energy use in residential buildings, I predominantly use the term energy savings; Chapter 2 focuses on 
behavior changes that reduce energy use, and concomitantly lower greenhouse gas emissions and I use both 

frames; Chapter 3 is a first step in linking global identity to environmental issues, so I use the more general 

term: environmental sustainability. 
2 I use the terms behavior, action, and activity interchangeably, and include one-time behaviors, habits, 

purchase, installation, and replacement behaviors, and maintenance and settings behaviors.  
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Farquhar et al. 1977), and apply its theory-based approach to energy-related behaviors. 

Using exploratory ethnographic and design methods, I also explore behavioral options 

with potential for high energy savings to inform future interventions.  

 

 

Figure I.1: A summary of my research motivation and focus.  

 

 

I choose to base my research in the United States, because U.S. per capita energy 

use is among the highest in the world. Some have argued that this high per capita energy 

use creates a moral impetus for U.S. residents to commit to climate change reduction 

efforts (Caney, 2005). Moreover, in line with prominent ethical arguments, it seems 

unfair to expect the poor to reduce emissions related to their basic needs when the 

affluent have relatively large emissions related to discretionary activities (Shue, 1993). 

Within the U.S., my research is based in California, which offers some advantages. For 

example, the state often displays environmental leadership; therefore I can draw upon the 

Motivation: Attenuating Climate Change  

& Energy Security impacts  

Approach: Behavioral  

Site: California, U.S.A. 

Sector: Residential  
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academic and professional environmental communities and thought leaders for guidance 

on how to achieve sizable GHG reductions through interdisciplinary approaches. 

Additionally, if these approaches are successful here, other states that tend to support 

environmentally progressive policies may adopt them as well (Wingfield & Marcus, 

2007). I target affluent segments of the California population because they have a 

capacity for higher GHG reductions than lower-income segments (Herendeen, 1974). In 

sum, I focus my research on experts and high-income communities in California.  

Further, I choose the residential sector because it contributes significantly to GHG 

emissions. Residential buildings in the U.S. account for 23% of energy use (EIA, 2011). 

Cars and light trucks account for 16% of energy use (Vandenbergh et al., 2008), and 

food-related energy use constituted about 16% of the U.S. energy budget in 2007 

(Canning et al., 2010). GHG emissions follow a similar pattern: 30-40% are from 

residential buildings and transportation (Vandenbergh et al., 2008); the food figure is 

debated in the literature but in the range of 15-20% per capita for the U.S. and other 

developed countries (Carlsson-Kanyama et al., 2003; Kim & Neff, 2009) and in the range 

of 18% to 51% globally, due to the high impact of animal agriculture (Steinfeld et al., 

2006; Goodland & Anhang, 2012). Previous behavioral approaches estimate only about 

20% reductions from behavioral change efforts (Gardner & Stern, 2008; Kempton et al., 

1985; Laitner, Ehrhardt-Martinez, & McKinney, 2009; Granade et al., 2009). I aim to 

explore the potential for larger reductions (see Chapter 1), as there appears to be an 

underexploited opportunity to reduce GHG emissions in the residential sector.  

 

Research Overview  

I develop a broad research framework that includes different behavioral 

perspectives and methods to investigate residential energy-saving opportunities to meet 

three main goals. The first is to identify promising options for sizable energy savings in 

the residential sector, targeting adults that own or rent their dwellings. My second goal is 

to design, test, implement, and rigorously evaluate a social cognitive theory-based 

intervention targeting adolescents to reduce residential energy use through behavior 
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change. Lastly, I explore a specific factor hypothesized to be influential in facilitating 

sustainability-related behavior change: global identity, or connectedness to people around 

the world. Table I.1 provides a summary of this research framework, including research 

questions.    
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Table I.1: Research Framework and Dissertation Structure.  

 Study 1 Study 2 

 Chapter 1 Chapter 2 Chapter 3 

Goal  

 

Identify behavioral 

options for dramatic 

residential energy 

savings  

Design, implement 

and rigorously 

evaluate a scalable 

intervention that 

changes behavior 

 

Investigate the utility of 

global identity for 

energy-related behavior 

change 

 

Research 

Question 

What are promising 

options that could 

be incorporated into 

future behavior 

change programs to 

achieve dramatic 

residential energy 

reductions to 

mitigate greenhouse 

gases? 

Can a social 

cognitive theory-

based, school-

based intervention 

change residential 

energy use- and 

greenhouse gas 

emissions-related 

behaviors among 

adolescents? 

Is an existing measure 

of global identity, 

(previously used in 

other contexts), reliable, 

valid, and potentially 

useful for studying and 

predicting change in 

energy- and greenhouse 

gas-related behaviors 

among high school 

students?   

Study Design  In-depth interviews 

(inductive) 

Cluster-

Randomized 

controlled trial 

(solution-oriented) 

Psychometric 

(observational) 

Population  Experts and 

extreme users 

High school 

students 

High school students 

Interdisciplinary 

Frame  

Applies resilience 

theory, adopts a 

practice theory- and 

design thinking-

based, user-centered 

perspective to 

identify 

opportunities for 

energy savings  

Applies a social 

cognitive theory-

based model used 

successfully in  

public health to 

energy-related 

behaviors 

Applies an existing 

measure of global 

identity from 

psychology  to energy-

related behaviors  
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Scientific and practical concerns motivate the choice of these goals and research 

questions. Despite awareness of the importance of behavior in energy use (e.g. Stern, 

2005), there is a paucity of published research on how to most effectively apply 

behavioral science methods to energy-related behavior change. Although far from 

addressing all gaps in the knowledge base, my questions begin to address three important 

niches in producing effective energy-related behavior change efforts. First, there is little 

comprehensive research on options that could achieve significant residential energy use 

reductions; most research to date has focused on technology replacement and some other 

household actions such as space conditioning, laundry, and lighting (e.g. Gardner & Stern 

2008; Kempton et al. 1985). Second, past interventions focusing on behavior change to 

reduce energy use and/or promote environmental sustainability have rarely been theory-

driven or rigorously evaluated. We designed this research to overcome those limitations 

by systematically applying a widely used and comprehensive theory of behavior change, 

social cognitive theory, and robust survey measures of behavior, including items from the 

Stanford Climate Change Behavior Survey (SCCBS) (Armel et al., 2010). Moreover, we 

employed a randomized, controlled study design, the strongest design for making causal 

inferences (Sibbald & Roland, 1998; Coalition for Evidence-Based Policy, 2003, Fuller et 

al., 2010). Lastly, global identity, or connectedness to people around the world, is 

considered important in global justice, human rights, and conflict research, among others, 

but has not been studied in relation to energy-related behavioral change (Cornelius & 

Robinson, under review). This research operationalized the study of a global identity 

construct and examined its potential usefulness in an energy-behavior context.  

In Chapter 1, I focused on identifying actions, products, services and expedient 

home adjustments that could reduce energy use substantially, to meet stringent energy 

reduction targets and seed future interventions. Informed by a user-centered perspective 

from practice theory (Rouse, 2007) and design thinking (McKim, 1972), I identified 

energy-saving opportunities in the context of how they may be achieved. This work 

produced a useful thematic framework for considering how to target energy savings 

within major end uses such as space heating and cooling and water heating, and 

documented options with potential for sizable energy savings. 
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Chapter 2 adopted a social cognitive theory-based approach, which has been used 

successfully in public health interventions to change behavior, and applied that approach 

to energy-related behaviors. In this study, which I conducted as part of a team of 

researchers, we designed, developed, and tested an energy-related behavior change 

curriculum
3
 with 162 high school students using a cluster-randomized controlled trial. 

The intervention resulted in statistically significant and substantial improvements in 

energy-saving behaviors, indicating the promise of this approach.  

Chapter 3 examined whether adolescents’ individual global identities, or 

connectedness to people around the world, is associated with their energy-saving 

behaviors. Researchers have studied the influence of global identity in other contexts 

including conflict, global justice, human rights, immigration, education, and religion, but 

prior energy-use studies have not applied this theoretical framing. This study investigated 

the measurement characteristics of an existing, self-administered global identity 

instrument and its cross-sectional and prospective relationship to energy-related 

behaviors. The measure demonstrated promise as it proved to be directly and 

significantly related to adolescents’ concurrent and future energy-saving behaviors.   

 

Data Sources and Analyses 

Collectively, my research used theoretical frameworks from the social and 

behavioral sciences, and applied mixed-methods and design thinking techniques to study 

energy-related behaviors from different perspectives. Table 1.2 summarizes the data 

sources I used and the analyses I conducted, which I describe below.  

 

  

                                                             
3 The curriculum materials can be accessed via the Precourt Energy Efficiency Center website: 

peec.stanford.edu/behavior/HighSchoolCurriculum.php 
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Table I.2: A summary of data sources and analyses.  

 Study 1 Study 2 

Chapter 1 Chapter 2 Chapter 3 

Data 

Sources  

Semi-structured 

interviews 

 

Secondary Research 

(energy, cultural 

anthropology, history 

and biology) 

 

Surveys   

 
 

19 (1-2 hours 

each)  

 

60+ sources 

 

 

 

 

 

 

 

 

 

 

 

Self-administered 

survey instruments. 
Stanford Climate 

Change Behavior 

Survey (SCCBS) 

(N = 162)  

 

 

 

 

 

 

 

 

 

Self-administered 

survey instrument. 5-
item global identity  

instrument included in 

SCCBS  

(N = 76) 

  

Analyses Modified Grounded 

Theory  

 

 

Statistical Tests  

 

End uses a priori, 

3 rounds of 

coding  

 

 

 

 

 

 

Principal 

Components 
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As part of Chapter 1, with a research team, we worked over the course of a year to 

pre-test interviews to develop the interview protocol and narrow the target audience. We 

conducted semi-structured interviews with 19 individuals including energy experts; 

historians; senior citizens; extreme users who have reduced their energy use by up to 

90%; and those who have lived in energy- and resource-scarce environments in different 

cultures and harsh climates. We gathered qualitative data on energy-savings options, after 

which my principal collaborator and I augmented these data with secondary research 

from peer-reviewed articles, gray literature, textbooks, and online sources, using a mixed-

method approach to create a more complete set of findings. Our research team coded all 

of the data using an inductive approach, specifically drawing from modified grounded 
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theory and using only major end uses such as space heating and water heating as a priori 

guides, and allowing other codes to emerge from observations of the data (Glaser & 

Straus 1967). Important criteria for inclusion included low levels of technology and high 

feasibility; use of existing dwellings (as opposed to new construction); in-home energy 

use, and unique cultural perspectives. We compiled the data into a semi-narrative format, 

and continued a process of iteratively framing underlying principles until we found the 

most useful explanatory framework for these data. The goal was to generate options that 

could seed future interventions.  

For Chapter 2, the behavior change curriculum study, I worked with a different 

research team including one collaborator from Chapter 1. I participated in one of two 

years of formative research to better understand the adolescent population and design 

components of the curriculum before implementing the final study. The goal was to 

change behavior and achieve GHG reductions – a solution-oriented approach (Robinson 

& Sirard 2005) intended to inform practice and policy. We used a randomized controlled 

trial to evaluate the effectiveness of the intervention. The SCCBS, which contains items 

about the frequency of daily energy-related behaviors and the proportion of time spent 

performing these behaviors on Likert scales, was used to assess energy and GHG-related 

behaviors. I used SPSS software (version 16.0) to conduct a principal component analysis 

to help create both orthogonal and conceptually sound categories of energy-related 

behaviors from the survey: hang drying; switching off energy devices; car trips to school; 

meat reduction; reduction in packaged snacks and beverages, and use of a reusable 

beverage bottle emerged as reliable conceptual categories. Using these categories, I 

conducted the primary analysis: I summed the overall score, from 0 to 6, for each student 

in the treatment and control conditions and used hierarchical linear modeling accounting 

for the cluster-randomized design to test for the effect of treatment. The results indicated 

a statistically significant improvement in energy- and GHG-saving behaviors among the 

treatment classes compared to controls. I confirmed this test by converting the outcomes 

to continuous measures and using a z-score test. Secondary outcomes were examined 

using analysis of covariance (ANCOVA) for each targeted behavior while controlling for 

baseline behavior levels and baseline by treatment interaction to avoid biasing the 
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findings, and to explore the underlying changes in those individual behaviors responsible 

for the overall effects.  

For Chapter 3, I conducted a small observational study (i.e., with no experimental 

manipulation) embedded in the intervention study to see how related and predictive a 

measure of global identity would be in a sample of adolescents and their energy-related 

behaviors. To the SCCBS, I added an existing 5-item instrument measuring global 

identity from a psychological study on acculturation in adolescents (Der-Karabetian & 

Ruiz, 1997).  I used SPSS software (version 16.0) to run tests on a randomly selected 

sub-sample from the dataset used in Chapter 2, specifically the control group, with N = 

76. The main analyses were Spearman correlation tests to see whether global identity was 

directly related to baseline energy behaviors among our sample. Secondly, I tested the 

correlation between global identity at the beginning of the study to changes in energy-

related behaviors in the same subsample 7 weeks later. This analysis was designed to test 

temporal precedence, a requirement in medical research for defining a factor as a risk 

factor or protective factor and strengthening inferences of causality. I also generated a 

Cronbach’s α, to assess the internal reliability of the five items in our sample (i.e. to show 

that participants were answering all 5 of the items in a similar manner, suggesting that the 

items represent a singular construct) and tested the test-retest stability of the instrument 

over a 7-week period using non-parametric Spearman correlations.  

Aside from these specific analyses, I applied design thinking (McKim, 1972) to 

iteratively design these studies, especially to navigate the process of drawing from 

different disciplinary traditions to integrate methods, formulate instruments, and design 

the intervention for Chapter 2.  I discovered a need for a systematic creative process, a 

common language, and innovative mindsets to test different interdisciplinary pathways 

until an optimal set of tools and processes is developed. Design thinking offers such a 

process,  including steps for understanding the problem space, empathizing with the 

“user,” or person being interviewed or surveyed, defining the problem concretely, 

ideating (brainstorming) solutions, prototyping (building representations of the solution 

ideas) and testing. I applied design thinking techniques in Chapter 1 and 2, and found 
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them very useful at different stages of the research process for these two studies.
 4

 For 

Chapter 1, an exploratory study, I applied the ideation and prototyping steps for the 

specific purposes of combining and reframing methods and techniques for interview 

protocols, and developing thematic frameworks. In Chapter 2, a theory-based 

intervention, I employed prototyping to create different theory-based activities and tested 

them with samples of adolescents. Although pilot testing is a common part of research, 

design thinking added iterative and creative aspects to our process that were useful.  

Furthermore, using design thinking techniques allowed us to explore many different 

options quickly and inexpensively. I would recommend the continued use of design 

thinking in interdisciplinary research design and implementation.  

These three chapters are products of collaborative research that has resulted in 

three separate papers, one of which is under re-review, one is under review, and one is 

being prepared for submission. I made major and significant contributions to each of the 

papers. Chapter 1 represents research with two collaborators and several research 

assistants, in which I led and carried out a sizable portion of the method development, 

interview protocol formulation and piloting, conducting of interviews, data collection, 

compilation, analysis, and writing. I developed the research study for Chapter 2 with four 

other researchers; I carried out a significant portion of curriculum design and pilot 

testing, managed the daily operations and implementation of the final study, conducted 

the data analyses, and led iterative phases of writing. For Chapter 3 I conducted the 

research jointly with one other researcher who provided guidance; I carried out the 

research, analysis, and writing.  

Through this broad and mixed-methods approach, I hope to shed light on how 

behavioral perspectives can be more useful in reducing GHGs in the U.S. residential 

sector. I envision my research will highlight some opportunities for larger energy savings. 

However, because I am limited to three studies, I anticipate uncovering many unanswered 

                                                             
4 Design thinking has been successfully applied to engineering (e.g. de Vere et al.; 2010, Albano, 2006; and 

Al-Sayed et al., 2010), business and social entrepreneurship and education (e.g. Dunne & Martin, 2006;  

Brown, 2011; Carey & Matlay, 2010; Gibb, 2002; Gibb, 2011; Arroyo-Vázquez et al., 2011; Hamidi et al., 

2008; Rauth et al., 2010), and most recently, to interdisciplinary research design through a project I co-

founded at Stanford University, called Research as Design (RAD). 
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questions to guide future research and practice. Perhaps this will be one of the major 

contributions of this dissertation: to serve as a guide for future work to better leverage 

behavioral approaches for greenhouse gas mitigation.  
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Chapter 1: Identifying Opportunities for Dramatic Energy Reductions in Residences
5
 

Summary 

Sizable reductions in energy use are needed to mitigate climate change, lower threats to 

energy security, and adapt to energy- and environment-related crises. Demand side 

residential energy-use reductions can contribute significantly to these efforts. Several 

groups of experts have compiled lists of residential energy-saving behaviors that are 

currently recommended and that energy-conscious individuals are undertaking in 

mainstream culture; however, the collective impact of these actions still falls short of 

mitigation targets. Therefore, in our study we aimed to identify additional energy-saving 

options for residential buildings that could bring us closer to targets. This study served as 

a first step toward creating an opportunity map that prioritizes these options for further 

development and promotion. Combining approaches from practice theory and human-

centered design, we conducted in-depth interviews with “extreme users” including energy 

experts; historians; Do-it-Yourselfers aiming for 90% energy reductions; and people from 

a variety of cultures, in particular, those who have lived in harsh climates. We augmented 

interview data with secondary research, drawing from cultural anthropology, history, and 

biology to collect examples of social and biological change and adaptation. Our results 

consist of over 100 energy-saving options including actions, products, and home 

adjustments organized by end use (space heating and cooling, water heating, cooking, 

and refrigeration) that have been reframed from a user-centered standpoint, and emergent 

principles that characterize our results: (1) eliminating energy waste; (2) insulation and 

sealing; (3) air flow and evaporative cooling; (4) reflection and shading; (5) absorption, 

storage and thermal mass; (6) alternative and latent energy; and (7) acclimatization and 

adaptation. We also report barriers that interviewees identified at the individual and 

institutional level. This work offers an approach to identifying and prioritizing energy-

saving options that are currently uncommonly applied in mainstream culture, with the 

intent of guiding further development such as redesign to overcome barriers and 

promoting widespread adoption. This approach may be extendable beyond residential 

                                                             
5 Co-authors: Armel, K. C., Ardoin, N.M., and L. Plano. In preparation.  
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buildings in areas such as, for example, the food, transportation, and small and medium 

commercial building sectors.   

 

 

Introduction 

 

Black Gold Underfoot 

The cost of fossil fuels is high. For example, the U.S. military spends about $20 

billion a year on fossil fuels to provide air-conditioning to soldiers in arid regions, and 

60% of combat deaths in two wars have been related to fuel convoys (The Energy 

Collective, 2011). Yet, stepping outside our current cultural context reveals insights that 

can dramatically reduce the cost and fuel intensity of this cooling. Many cultures 

throughout time have used the ground’s thermal mass for cooling by living in partially 

underground shelters or building earthen structures; indeed, recent research shows that 

in Iraq, temperatures are approximately 35 °F cooler just three to nine feet below the 

surface (AlMaliky, 2011). Is it possible to find many cases of true “black gold”
6
 – ways 

of fulfilling our daily practices such as staying cool while using dramatically less fossil 

fuels – through inspiration from the oft disregarded knowledge that has accumulated 

over time across cultures and through innovative thinkers? There has been no time when 

this imperative was more pressing. Here we explore this opportunity specifically in 

residential buildings. 

 

The Predicament 

Dramatic reductions in energy use are needed to mitigate climate change, lower 

threats to energy security, and enhance adaptation efforts.
7
 Climate change is worsening

8
, 

                                                             
6 Black gold is a name often given to crude oil. We use the phrase “black gold underfoot” in our title to hint 

at the myriad energy sources (with a pun on fossil fuels) that are readily available but typically ignored.  
7
  Mitigation means lessening future impacts of climate change by reducing greenhouse gas emissions 

(Vynne et al., 2011). Energy security refers to a resilient energy system capable of withstanding threats 

(Brown et al., 2003). Adaptation in this context is defined as adjusting to and coping with existing and 

anticipated effects of climate change (Vynne et al., 2011).  
8 For impacts, including ice-sheet melt, species extinction, and extreme events, see Field et al., 2012a; Field 

et al., 2012b; Karl et al., 2009; Wilbanks et al., 2010; Matson et al., 2010; and Liverman et al., 2010. 
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driven by an increase in heat-trapping greenhouse gases such as an 80% rise in carbon 

dioxide emissions between 1970 and 2004 (Solomon et al., 2007). Energy security is also 

threatened, according to indicators such as price increases and fluctuations, instability of 

energy supply (such as outages), and political instability (Kruyt, 2009).
9
 Furthermore, 

despite the most valiant efforts to mitigate climate change, climate warming of 1.4°C to 

4.3°C (2.5°F to 7.7°F) is virtually inevitable (Ramanathan & Feng, 2008). Independent of 

climate change, the next few decades promise resource scarcity and systems collapse 

based on various indicators including population, pollution, carbon and nitrogen cycle 

imbalances, and energy and water availability (e.g. Meadows et al., 2004; Nørgård et al., 

2009; Moldan et al., 2012; Rockström et al., 2009; Haines-Young  & Potschin, 2000; 

Kojiri et al., 2008). To meet these challenges, human adaptation is underway (e.g. Kates 

et al., 2011), but much more will be required, including adaptations that target seaport, 

water, agriculture, health, transport and energy (Becker et al., 2011; Pachauri & 

Reisinger, 2007). Products or actions that use less energy can serve as an important part 

of this adaptation effort, enabling individuals to meet their daily needs such as heating 

and cooling under unexpected conditions and resource constraints; for example, adaptive 

measures could avoid repeating the thousands of heat-related deaths that occurred in the 

European heat waves of 2003 (WHO, 2012).  

To address climate- and energy-related issues, respected authorities have 

proposed aggressive greenhouse gas and energy reduction targets. For example, the 

Intergovernmental Panel on Climate Change (IPCC) has recommended 60% to 80% cuts 

                                                                                                                                                                                     
Extreme events are already triggering large and abrupt shifts in ecosystems (Barnosky et al., 2012). For 

example, more than 80% of plants and animals that are responding to temperature changes are responding 

in ways expected given their constraints, such as by shifting the timing of spring events and extending their 

ranges poleward and up in elevation (Root et al., 2003); extinctions of approximately 21-50% of all 

assessed species are expected (Barnosky et al., 2011)  Moreover, ocean acidification is projected to occur at 

a rate unprecedented in the last 65 million years, making it difficult for ocean-surface plankton to adapt 

(Ridgewell & Schmidt 2010), and studies confirm that rapid ice sheet melt will be the principal contributor 

to sea level rise in the next century (Rignot et al., 2011).  
9 There are also interactions between these problems which worsen the situation. Climate change impacts 

can further exacerbate energy security; for example, extreme summer temperatures can cause abrupt 

increases in air conditioning use, which strain electricity supplies; droughts can also limit electricity supply 

if the energy is sourced from coal and nuclear plants that require large quantities of water as coolants (e.g. 

U.S. DOE, 2009).  
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in greenhouse gas (GHG) emissions below 1990 levels
10

 by 2050 under all of its GHG 

stabilization scenarios (Pachauri & Reisinger, 2007), while the German military has 

called for even more aggressive targets (Carius et al., 2008), the British House of Lords 

has set their target at 60% (2007), and a state of California executive order has set it at 

80% (Wei et al., 2012)
11

. Furthermore, these reductions are called for even as energy 

demand is projected to increase by 53% between 2008 and 2035 (EIA, 2008). This rise is 

largely because population growth, mainly in developing nations, is projected to raise 

global population from 7 to 9 billion between 2012 and 2050 (UN-DESA, 2009), and 

standard of living is rising above subsistence among a proportion of those people (UNDP, 

2010). Thus, if we hope to achieve 60% to 80% energy and GHG reductions below 1990 

levels in upcoming years, “progress” in developing nations must occur extremely 

efficiently, while energy consumers in developed countries must reduce their emissions 

even farther below those already challenging targets.  

Of course, efforts at all levels and in all sectors are needed to achieve these 

targets; however, demand side energy use offers a large opportunity that has yet to be 

significantly exploited. In the United States, for example, every unit of electricity not 

used (coined “negawatt”) avoids the consumption of three to four units of fuel at the 

power plant; thus the most effective way to save primary energy is to simply not use 

delivered or end use energy (Lovins, 2010; Lovins & Browning, 2000). A breakdown of 

U.S. energy use indicates 23% is consumed by residential buildings and a further 19% by 

commercial buildings (EIA, 2011). Strategies for savings in one can often transfer to the 

other due to similar types of technologies and functions in both types of buildings (e.g. 

the use of air-conditioning).  

Although interest has grown in achieving demand side energy reductions in 

residential and commercial buildings, the magnitude of achievable energy savings 

estimated to date has not been sufficient to meet the required targets described above.
12

 

                                                             
10

 In 1990 CO2 levels were about 350ppm, which is considered the safe upper boundary; the 2012 figure is 
394 ppm (Keeling et al., 2005).  
11 California’s Assembly Bill 32, which is a stronger mandate for action, requires statewide GHGs to be 

equal to 1990 levels by 2020 (California Air Resources Board, 2012). 
12 Assuming we cannot count on a disproportionate amount of energy savings over the next few decades 

from supply technologies yet to be developed and scaled. 
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Specifically, attainable energy savings across existing residential as well as commercial 

buildings are estimated to be between 15% and 35% in studies where energy efficiency 

appliance replacements are considered (Granade et al., 2009; APS, 2008; Hand et al., 

2012), as well as in studies that consider a broader range of options such as appliance 

maintenance and replacement, settings (e.g. turning down the thermostat), habits (e.g. 

turning off lights), and eliminating energy waste (e.g. unplugging appliances) actions 

(Gardner & Stern, 2008; Kempton et al., 1985; Nair et al., 2010; Black et al., 1985; 

Parker et al., 2006; Laitner, Ehrhardt-Martinez, & McKinney, 2009).
13

 Given that 

estimates of energy saving potential from common options fall short of targets, an 

alternative approach to identifying energy saving options seems warranted.  

 

Radical Rethinking: Theoretical Underpinnings  

An investigation of how ecosystems and human cultures have adequately adjusted 

to steep challenges suggests that radical rethinking and change are important. The 

disciplines that consider adaptive scenarios commonly refer to their explanatory 

frameworks as resilience theories.
14

 The ecological approach to resilience theory 

(Holling, 1973) describes how ecosystems respond to threats and reorganize while 

undergoing transformation (Berkes & Turner, 2006); the theory has expanded to model 

the impact of humans and institutions on ecosystems (Carpenter et al., 2001; Folke et al., 

2010), mostly to inform environmental policy and management decisions (e.g. Gibbs, 

2009). Recently, these approaches have been applied in more extreme ways, for example 

through managed relocation of species to prevent extinction (e.g. Richardson et al., 

2009), and regreening of the Sahel desert or engineering corn to be more water-efficient 

(Kates et al., 2012), as part of a field called transformational adaptation. Other resilience 

                                                             
13 Note that behavioral changes do matter and one residential electricity reduction study showed behavioral 

changes accounting for 59% of the energy savings, compared to 41% savings from structural changes (Wu, 

2012).  
14

 Some resilience theories also consider how to prevent or withstand change. For example, organizational 

resilience refers to the ability to deal with uncertain contexts (Weick, 2009), manage risk and positively 

adjust to crises (Vogus & Sutcliffe, 2007), for example, by maintaining strong supply chains and electrical 

grids during disasters (e.g. Flynn, 2008). In psychology, resilience theories inform how to help individuals, 

including children, adapt to change and improve ability to cope with trauma, threats, and stress (Masten et 

al., 2009). 
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theories center on the adaptation of human societies rather than ecosystems. In a popular 

application of resilience theory, Collapse, Jared Diamond defines resilience as society’s 

ability to reconsider core values, think outside of the norm, and make major changes to 

adapt to threatening external situations (Diamond, 2004). For example, when Greenland 

underwent a small ice age from the 1500’s to 1800’s, the Viking communities, which 

were dependent on cleared land for agriculture and livestock, eventually collapsed, while 

the Inuit found new prey and adapted to harsh winters by building snow houses. As 

another example, Butzer (2012) contrasts the collapse of hierarchical societies such as 

Ancient Egypt and Mesopotamia with the more decentralized, entrepreneurial, 

participatory, and innovative approaches Western Europe adopted in the 14
th
 to 18

th
 

centuries to face environmental crises, suggesting the efficacy of bottom-up action to 

avoid collapse. These branches of resilience theory suggest that very innovative thinking 

– or radical rethinking, that challenges conventional practices – could help determine 

how individuals might change in order to adapt to the energy security, climate change, 

and other threats we outline above.
15

  

 Although our modern Western culture seems receptive to the notion of radical 

innovation at a purely technological level (Lovins, 2005), and even seeks out and thrives 

on such innovation (e.g., lines for the initial release of Apple’s iPhone and iPad), there 

tends to be resistance at the level of daily practices.  In the energy domain, such 

resistance may stem from the perception that low-energy daily practices would 

necessitate dropping below an acceptable quality of lifestyle or even make everyday 

functions impossible to achieve. However, humans have lived in advanced civilizations 

for thousands of years
16

 prior to the advent of, for example, refrigerators, clothes dryers, 

                                                             
15 Management literature (e.g. Koberg et al., 2003) supports radical rethinking, and confirms that dynamic 

internal and external organizational environments (Van de Ven & Poole, 1995), cross-functional teams 

(Legnick-Hall, 1992), the use of experimentation, and the ability to discern unexpected opportunities can 

facilitate radical innovation in a diversity of domains (Brown & Eisenhardt, 1995). These factors are 

similar to our dynamic interdisciplinary research setting and team, and our approach to experimenting with 
uncommon energy-saving ideas. 
16 For example, sophisticated irrigation systems and aqueducts were built as early as the 7th century BC 

(Jacobsen & Lloyd, 1935). Additionally, there were advances in food preparation, for example, in 400 BC, 

when Persians invented a chilled dessert made of vermicelli and rose water that was similar to a sorbet 

(Lifestyle Direct, 2013), and the Chinese invented millet noodles about 4000 years ago (Ye & Lu, 2011).  
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and electrification.
17

 Furthermore, although standard of living has increased when 

measured in terms of medical advances and number and size of products owned (e.g. 

Baddeley, 2008; Easterlin, 2000), many communities throughout history  have enjoyed 

quality lifestyles with fewer material goods (e.g. Belk, 1988) and spent less time 

performing household maintenance activities than they do now (e.g. Cowan, 1987). 

Although it would be disadvantageous to return to some practices, such as using whale 

oil or wood for fuel (Clark & Lamberson, 1982; Smith et al., 1993), other practices could 

be both beneficial and desirable, in ways beyond saving energy. For example, walking 

and bicycling may be perceived by many in the U.S. as undesirable, but these activities 

help maintain overall health and fitness.
18

 Moreover, walkable and bikeable cities are 

sought-after as evidenced by the high prices of houses in such areas compared to their 

counterparts in non-walkable areas (Frumkin et al., 2004), and accolades awarded to 

cities such as Münster, Germany,
19

 which was voted the “Most Livable City in the 

World” in 2004 and boasts 35% of all trips made by bike (www.muenster.de, 2013b). 

Indeed, high walking and bicycling rates are broadly achievable in the modern era as 

demonstrated by the fact that in 1995 these modes of transport accounted for 30% to 45% 

of trips made in urban areas of European countries including France, Italy, Switzerland, 

Germany, Austria, Sweden, Denmark, and the Netherlands (in increasing order) – yet 

bicycling and walking are uncommon daily practices in urban areas in the United States, 

with only 7% of trips (Pucher & Dijkstra, 2003).
20,21

 Resistance to bicycling and walking 

                                                             
17 In fact, domestic refrigeration only became available in 1911 (Arora, 2010); the first electric clothes 

dryer became available to the public in 1938 (Acton et al., 2006); and electricity became available to large 

sections of the U.S. public in the 1890s (Hunter & Bryant, 1991).  
18 The rise in obesity in the U.S. (34% of adults are obese (Centers for Disease Control and Prevention, 

2011), is correlated with the number of cars per household (and hours of television viewing), but not energy 

or fat intake, suggesting that inactivity plays a major role in obesity (Frank et al., 2003). Other co-benefits 

of walking and biking include reduced heart disease and asthma, as well as environmental benefits such as 

reduced air pollution.  
19  In Münster, it is below freezing three to four months of the year; however, Münster accomplishes its 

high bicycle and safety rates through: infrastructure (special bicycle lanes and promenades, rules giving 

bicycles priority over cars on residential streets, and ordinances requiring the inclusion of bicycle parking 

facilities), safety (cycling education is given in school by police starting in kindergarten, a mobile repair 
service comes to “break downs” with replacement parts), and promotion (postcards, billboards, a virtual 

website bicycle tour) (www.muenster.de, 2013a). 
20 Taking public transit into account does not alter the picture: in 1990 the most common percent of trips 

made by car in the United States was 84%, whereas the average in these other countries was less than 47% 

(Frank et al., 2003; Frumkin et al., 2004).  

http://www.muenster.de/
http://www.muenster.de/
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in the U.S. offers opportunities for changing cultural misperceptions that low-energy 

lifestyles imply lower standards of living.  

In addition to such misperceptions, change may seem difficult for people because 

of their biases in favor of current norms or the status quo. Habitus, a concept from 

practice theory, describes how social practices become embedded in society to the point 

that they are unthinkingly carried out, even if their original reason for adoption is no 

longer remembered (Bourdieu, 1977), posing a barrier to adopting new actions. For 

example, habitus helps explain the past resistance to word processing (typing using a 

computer keyboard) because existing writing practices were embedded in the physical 

acts of handwriting or typing with force on a typewriter (Hayles, 1993). Psychologists, 

economists, and ethicists also study the tendency of  people to judge the status quo as 

preferable and desirable compared to a new option (Eidelman et al., 2009), which can 

lead to decision makers such as voters, healthcare providers, and others 

disproportionately preferring the status quo over change (Samuelson & Zeckhauser, 

1988; Kahneman et al., 1991). Fortunately, there are numerous examples of ways in 

which these biases can be overcome (Kahneman et al., 1991; Ministry of the 

Environment, Government of Japan, 2008; Rogers, 1983). For example, awareness of 

these biases can help in overcoming them (e.g. Greenberg, 1983; Diener & Walbom, 

1976), and imagining new ideas can improve the attractiveness of new concepts and 

practices (Eidelman et al., 2009).  

 

Radical Rethinking: A Research Plan 

Given that large energy reductions are achievable through residential demand side 

savings but current solutions fall short of targets, and that radical rethinking has been 

effective in addressing other steep challenges, it is useful to identify and evaluate the 

broadest, most unbiased set of energy saving innovations that could be applied to our 

daily practices. An opportunity map could serve to amass and prioritize these alternative 

                                                                                                                                                                                     
21 As a second example, smaller homes use less energy, but they also require less housework and 

maintenance effort and cost, and are well-valued as suggested by the fact that between 1980 and 2000 the 

resale value of American houses of 2,500 square feet or more appreciated 57 percent, while houses of 1,200 

or less appreciated 78 percent, about $37 more per square foot (Rhodes, 2001). 
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ways of performing daily practices such as staying warm or cool. Opportunity maps are 

“framework(s) for the purpose of identifying actionable knowledge quickly and easily 

from discovered rules and data” (Zhao et al., 2005). They have perhaps been used most 

commonly in marketing to identify strengths, weaknesses, opportunities and threats in 

new markets (e.g. Byrne & Barlow, 1993), but are increasingly being used in other fields, 

such as ecology, health, and data mining (e.g. Hulse et al., 2009; Koh et al., 2011; 

Fielding & Teutsch, 2011; Zhao et al., 2005). With regard to energy, opportunity maps 

have been used to identify possible energy sources (Sassoon et al., 2009), the clean tech 

ideas in which venture capital firms should invest (Canada, 2009), and emerging 

technologies (Hand et al., 2012). Some groups have compiled lists of energy saving 

actions commonplace in current Western culture, or for current or advanced technologies, 

with some assessment of the energy saving impacts (e.g. Meier et al., 1983; Goodall, 

2007; Roumpani, 2011; Farese et al., 2012; Gardner & Stern 2008; Kempton et al., 1984; 

Nair et al., 2010; Black et al., 1985; Parker et al., 2006; Laitner, Ehrhardt-Martinez, & 

McKinney, 2009). 

To our knowledge no opportunity map has been developed for actions that are not 

currently commonplace within Western culture and, in particular, those that do not 

require advanced technology (i.e., actions that would be reasonably feasible for people to 

implement in the near future). The development of such an opportunity map can be 

divided into two efforts: (1) compilation of as exhaustive a list as possible of feasible 

alternative options for fulfilling daily household functions and practices—the focus of 

this paper; and (2) assessment of such options for their energy saving potential as well as 

other factors relevant to prioritization.
22

 Here, we focus on identifying products (physical 

objects that can be installed or used to lower energy use e.g. a device that cools the wrists 

and reduces the need for space cooling), actions (behaviors that, when performed, lower 

energy use, e.g. closing off rooms), and home adjustments (a combination of an existing 

or new product and action that lowers energy use, e.g. hanging a sheet on a south-facing 

wall to block heat and reduce cooling load in the summer). We focus on options that 

                                                             
22 Such as cost, feasibility, expected pervasiveness or penetration into the population, level of technology, 

and cultural appropriateness required for implementation. However, several of these may be difficult to 

assess. 
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could be implemented quickly and without excessive financial burden
23

 or advanced 

technology, but rather through reframing or recombining existing technology and using 

behavior change. From these energy-saving options, we aim to identify underlying 

principles that can guide energy reductions in the residential sector (e.g. acclimatization 

and adaptation, insulation and sealing, and air flow and evaporative cooling). These 

principles form an organizing framework for the examples we collect; more importantly 

they serve to highlight representative energy-saving options and assess their usefulness 

for future energy-saving solutions. The ideas we collect are intended to serve as 

inspiration; many of the specific examples we collect are likely as yet infeasible for 

current Western culture (e.g., individuals may perceive there to be sacrifice required by 

our cultural standards), but they and their underlying principles may seed product ideas 

that would be culturally appropriate here, as well as serve people in developing countries, 

or inform disaster preparedness efforts for all regions in the case of crises that require 

immediate adaptation. Thus, in the current study our overarching research question is: 

Considering residential end uses from a user-centered perspective, what are the most 

important energy-saving principles and illustrative options on which future design efforts 

should focus for dramatic energy reductions?    

 

Methods  

Our approach is broadly informed by the social sciences and field of design; in 

particular we draw from practice theory and human-centered design.
24

 Although 

practitioners in neither of these fields develop opportunity maps,
25

 they do study daily 

household and other practices, typically one at a time in some depth and from the user’s 

                                                             
23 Among U.S. residences, 26% are multi-dwelling units, suggesting the need for inexpensive solutions 

(U.S. Census Bureau, 2012).  
24 We apply a particular instantiation of design thinking as taught at the Hasso Plattner Institute of Design 

at Stanford University.  
25 Design thinking is not well-suited for the development of opportunity maps, as it typically deals with 

more circumscribed problems, and is constrained by clients’ requirements and evaluation metrics (typically 

not energy savings), time, funds, and theoretical and methodological frameworks. Designers also face 
disciplinary biases such as a focus on experiential and human-centered aspects of problems, using advanced 

technology lenses, and believing that small tweaks can solve larger problems. Furthermore we note that 

development of an opportunity map may not fall under the purview of many other organizations; think 

tanks, interdisciplinary academic environmental centers, and national labs may be appropriate but often 

lack an emphasis on user-centered standpoints and non-mainstream practices.  
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perspective. Practice theory (Rouse, 2007) primarily refers to the study by 

anthropologists and sociologists of consumer and organizational behavior and identity 

through daily practices and interpersonal interactions
26

 (e.g. Holland & Lave, 2009; 

Kempton & Holland, 2003; Gram-Hanssen, 2009; Kuijer, 2011; Hargreaves, 2011; Scott 

et al., 2009). Human-centered design is an applied, less formal field than practice theory 

that investigates everyday practices and interactions to identify deeply ingrained and 

often unexpressed needs, in order to redesign objects such as products and, increasingly, 

user experiences, corporate strategies, and solutions to broad global problems including 

environmental issues (e.g. Suri, 2003; Brown & Katz, 2011).
27

  

The fields of practice theory and human-centered design inform our work in two 

ways. First, these fields inform our methods, including the numerous approaches tested 

during our extensive pilot work, as well as our final data sources and procedures, which 

are described in more detail below. Second, we use the human-centered lens to explore 

which functions people need to accomplish through daily practices, such as food 

preservation, and the diversity of ways to accomplish those functions. This is in contrast 

to an engineer’s lens of identifying technological innovations, which may lead to a more 

limited set of options that are potentially less feasible for large numbers of people to 

implement in the short term without major industry involvement (for example, a more 

efficient refrigeration device). Thus, we apply a user-centered approach with the goal of 

identifying uncommon energy-saving options.  

 

                                                             
26 For example, a study on standby consumption practices found that for those in the habit of watching 

television in bed, leaving the bed to turn off the television was a significant barrier to reducing their 

standby energy use (Gram-Hanssen, 2009). This information could help with the design of future 

behaviorally related interventions or television technology. 
27 Design thinking has also been applied successfully to product design and engineering (e.g. de Vere et al., 

2010; Albano, 2006; and Al-Sayed et al., 2010), business and social entrepreneurship, and education (e.g. 

Brown, 2011; Gibb, 2002; Gibb, 2011; Arroyo-Vázquez et al., 2011; Hamidi et al., 2008). Design projects 

often involve rapid qualitative work, including methods at the intersection of humans and technology, such 

as personal inventories, artifact analysis, quick-and-dirty prototyping, and scenarios (e.g. Katz, 1997; 
Hughes et al., 1992), and often results in a “vuja de” effect, which renders familiar daily experiences in 

refreshingly meaningful ways (Littman & Kelley, 2005). For example, to understand what air travelers 

needed for an enhanced flight experience, designers placed themselves in mock airplane seats to experience 

the cramped environment and develop empathy with users, and produced solutions such as reconfigurable 

seats and spaces for solitude and socialization (IDEO, 2009). 
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Data Sources 

After extensive pilot work,
28

 the approach we converged on for collecting data 

was to interview individuals and cull data from writings of professional and lay people 

who could reveal real-world solutions that people and other species have generated out of 

necessity to fulfill their daily practices in low-energy ways. This approach allowed us to 

collect a large and diverse set of energy-saving options within realistic financial and 

temporal constraints; that is, other methods such as participant observation would have 

been cost-prohibitive or not amenable to learning about daily practices from many parts 

of the world, historically, or in non-domesticated animals. Several sampling approaches 

helped us identify our diverse sources. We selected a nonrandom, purposeful sample – an 

approach that has been used previously in qualitative research (Patton, 1990) – 

specifically using both illustrative and extreme user sampling. Illustrative sampling 

focuses on subjects with different habits with regard to the interview topic; for example, 

interviewing limited income college students, financial analysts, and farmers and 

                                                             
28 We performed extensive pilot work to determine an efficient way to collect a large set of viable, non-
mainstream energy saving actions. In Phase 1 of our pilot work, to identify the appropriate sample, we 

applied techniques from design thinking, practice theory, and anthropology (e.g. household ethnographies). 

We considered ways of applying these techniques, and tested approaches with homeowners and renters 

using pilot interviews to see whether this sample would yield energy-saving practices. We tested activity-

based approaches that require subjects to keep a log of daily practices such as, for example, driving, and 

then we asked respondents to answer questions based on those practices such as number of trips, distance, 

and purpose. We also tested scenarios and simulations for using a new product, service or sequence of 

activities; and preliminary questionnaires and surveys adapted from previous anthropological studies on 

energy (e.g. Turrentine & Kurani, 1995; Kurani et al., 1996). Design thinking and experimental psychology 

techniques such as activity flow analysis, brainstorming with people in their homes, cognitive maps and 

task analysis, spatial behavior analysis, photo surveys, artifact-based questioning, role plays, games, word-
associations, and others (IDEO, 2003; Suri, 2003) were also tested. Our findings showed that this sample 

yielded poor results regardless of the techniques applied, because few of the homeowners and renters were 

deeply familiar with energy issues or had experience with significant energy reductions; moreover, it was 

difficult to artificially recreate those contexts and address those issues in a research setting. Thus, we found 

that the best target groups were experts and individuals who had actively achieved their needs in lower 

energy contexts and the best approach was to conduct interviews to quickly understand the context and 

motivation, and results. After determining the type of sample from which we would draw, Phase 2 of our 

pilot work included significant trial and error to identify a data collection method that would yield many 

energy saving practices from this sample. We decided upon in-depth interviews with extreme users through 

trial and error with numerous approaches, including focus groups, pre-surveys, and quasi-ethnographies. To 

develop our interview protocols, we adapted questions based on other energy-related qualitative studies 

(e.g. Kurani et al., 2004; Heffner et al., 2007), and applied design thinking steps such as ideation (guided 
brainstorming), prototyping (building testable representations of ideas, in this case our protocol structure 

and sequence), and iterative testing (Rowe, 1987). For example, we considered and prototyped different 

sequences and structures for our protocols, and pre-tested them with individuals similar to those we 

intended to interview. A successful interview was one that yielded several low-energy practices in rich 

contextual detail within the allotted time. 
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ranchers who do budgets over annual cycles to see how different groups calculate the 

value of their vehicles before purchase (Kurani et al., 2004). We applied extreme user 

sampling, used widely in design, which includes subjects at the extremes to capture 

unique or peculiar perspectives on a particular aspect of an issue (Brown & Katz, 2011; 

IDEO, 2003). To identify potential interviewees, word-of-mouth and referrals from 

interviewees, termed snowball sampling, was also useful (Miles & Huberman, 1994). 

With those general approaches in mind, we used specific criteria to identify and 

select interviewees. Because our ultimate goal was to identify approaches that would 

create opportunities for eliciting options that could achieve sizable energy savings, we 

focused on interviewees who would be particularly informative regarding practices in 

several of the highest energy consuming end use categories identified by the U.S. 

Department of Energy: space heating and cooling (HVAC,
29

 54% of U.S. energy use), 

water heating (18%), refrigeration, and cooking (4% each) (2008). A focus on these end 

uses, which currently all require heating or cooling, also afforded an opportunity to 

encounter synergistic solutions, and common underlying principles for reducing energy 

use e.g. insulation innovations. We reframed these end uses with a human-centered lens 

in order to avoid making assumptions about the method of achieving the daily practice 

(e.g. we wanted to capture ways of preserving food other than limit our findings to only 

refrigeration), and to help identify appropriate interviewees. Reframed end uses are: 

staying warm or cool (formerly HVAC); hot water use (water heating); food preservation 

(refrigeration) and food preparation to make it suitable for eating, simply called food 

preparation from here forward, (cooking). In order to consider the breadth of possibilities, 

we then asked, “Which groups in mainstream culture would have uncommon knowledge 

about how to satisfy each of these daily practices in a low energy way? Which other 

cultures, contemporary or historical, would have knowledge of low energy practices to 

fulfill such functions? Which practices do other species use?”  

                                                             
29

 Heating, ventilation, and air conditioning (HVAC) are often grouped because together they govern 
thermal comfort and indoor air quality, and because they are treated as one system by industry (Swenson, 

1995).  We examine them together for these two reasons and because of their interconnectedness in a third 

way – HVAC behaviors are related. For example, we may wear or shed warm clothing depending on 

thermal comfort, we would need to adjust the thermostat in either case, and we would need to adjust 

ventilation if it became too warm or too drafty.   
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With these questions in mind, to identify potential interviewees, we drew from 

our colleagues’ domain knowledge as well as online searches, then narrowed options by 

reviewing websites, biographies, curriculum vitae, and published works. In addition to 

interviews, we culled ideas from peer-reviewed and gray literature, online database 

searches on related topics, as well as through key books, blogs, online discussion fora, 

and other websites. The following list summarizes our sources, including 19 interviewees 

(also see Appendix 1.1):  

 

(1) Individuals who have spent significant effort understanding and pushing the 

bounds of energy savings within our cultural and technological framework, 

including energy experts,  “do-it-yourself-ers” (DIYs) who tinker with their 

appliances and homes and have become self-taught experts in saving energy, 

building scientists and household historians, and water heating and 

weatherization specialists. Also, compilations of energy saving options (e.g. 

Meier et al., 1983; Goodall, 2007), and DIY blogs.  

(2) Sources who could provide a perspective on how daily practices had been 

performed historically with lower energy use, including seniors over 80 years 

old who have lived through times of resource scarcity, household and energy 

historians who study how energy use and technology prevalence in the home 

has changed over time. Also, historical anthropology textbooks on how 

diverse Native American peoples built shelters and met their energy needs 

before fossil fuel-based energy for residential use became widely available 

(Taylor, 1999; Nabokov & Easton, 1990).   

(3) Individuals who have resided in harsh climates in different cultural settings 

(including Nigeria and the Middle East) and met their daily needs using little 

or no fossil fuels or advanced technologies, whom we identified through 

various email list serves. Also, cultural anthropology books about human 

adaptation (e.g. Bennett, 1976). 

(4) Resources providing insights on how other species have achieved similar 

needs, or how humans meet these needs through biological mechanisms, 
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including biology textbooks about biological and social adaptive measures 

and biophysical acclimatization in humans and other species (Frisancho, 1993; 

Schmidt-Neilson, 1997). 

 

 

Procedure 

 Prior to conducting interviews, we emailed interviewees with a description of the 

project (see Appendix 1.2 for interview scripts), including the following:  

“To give you some background on our project, we are conducting a qualitative study that aims to 

develop innovative ways of saving energy (e.g., actions or products) that are more feasible or 

have higher greenhouse gas reduction impact than what is commonly suggested to people (we’re 

focused primarily, although not exclusively, on the residential sector).” 

 

We explained how their expertise was relevant to our study goals, and included several 

examples of energy-saving options for the major daily practices (i.e. end uses) to provide 

context. For example, for staying warm or cool (HVAC), we included insulation placed 

against the finished interior surface of rooms rather than inside of walls, storm windows, 

and insulated chimney blockers. We asked interviewees to generate a list of ideas from 

their domain of knowledge to discuss with us during the interview.  

We used semi-structured, in-depth interviews (Appendix 1.2) because they 

allowed us to: (1) ask each interviewee similar questions customized for his/her 

respective expertise or experience; (2) use adaptive questioning; and (3) engage in 

rapport-building using an informal style and flexible sequence (Kurani et al., 2004; 

Newman & Benz, 1998). This approach also allowed us to categorize the interview based 

by end use (e.g. staying warm or preserving food)—as with our interviewee selection, our 

interview content focused on the daily practices (end uses) described above—to enhance 

the time efficiency of the interview process. We also read published and other works by 

interviewees prior to the interview in order to prepare questions to probe their specific 

areas of expertise, but also allowed time to explore emergent issues (Bernard, 2000). The 
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interviewers
30

 took care not to lead the interviewees (Fontana & Frey, 1994) by using 

words such as “unusual,” “unexpected,” or “surprising,” but rather favored more neutral 

words such as, “different,” “common,” and “uncommon,” through careful wording of the 

interview protocols. Most interviews lasted between 1 hour and 1.5 hours. We obtained 

approval for the study from the Stanford Institutional Review Board’s Panel on Human 

Subjects research and, from individual participants, obtained written or email consent. 

We compensated participants at a rate of $26/hour (which, for most interviewees, totaled 

to $40 for their 1.5 hours of participation).   

Three graduate student research assistants and a transcription company 

transcribed the interviews.
31

 We compiled the energy-saving options derived from the 

interview transcriptions and secondary sources into an Excel spreadsheet, including a 

description of the idea, its source, and any relevant interview data on barriers or 

opportunities. Initially, we included all options obtained from interviewees. We did this 

to avoid any biases in our judgment against practices that would seem unconventional 

based on current Western standards and norms, as discussed in the Introduction. We were 

interested in collecting unconventional ideas because these ideas might be capable of 

deeper energy savings than current practices and could be adjusted later to produce more 

culturally feasible options. Also, we did not want to prejudge the options that behavior 

change programs could potentially motivate people to do, or the options people may opt 

to take under extreme conditions in the future (e.g. Wansink, 2002).  

Next, we determined the criteria for exclusion. These were: (1) standard and 

commonly recommended appliance replacements
32

 because they are well covered in the 

literature and would unnecessarily populate our results; (2) new construction or moving 

to a new home, because these could not happen en masse or would not change the overall 

housing stock, thus limiting aggregate energy savings; (3) advanced technology (e.g. a 

new type of solar panel), which may take too long to design or implement (see 

                                                             
30

 The first two authors conducted 17 of the interviews and assisted with the remaining 2 interviews, which 
were conducted by trained research assistants.  
31 Transcription was verbatim except for inaudible phrases.  
32 There are some notable appliance replacement exceptions, for example two interviewees suggested 

replacing a clothes washer with one that has a stronger spin cycle, because clothes would then require less 

drying time, which would save a significant amount of energy (see Appendix 4).  
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Discussion) and technological options that had already been documented and quantified 

(e.g. Hand et al., 2012); and (4) any idea not directly related to in-home energy use (e.g. 

transportation, policy, or educational ideas). We made a few exceptions, and included 

some ideas that met exclusion criteria if they provided inspiration for other ideas and 

applied multiple principles (e.g. we included wind towers and moving to a smaller home 

because they inspire the use of chimneys as wind towers and closing off space in existing 

homes to simulate tiny homes, respectively; and we used Yakhchals (Persian outdoor 

cooling towers) because they combine evaporative cooling, insulation, and thermal 

mass). The research team sorted through the data iteratively and agreed on which options 

to include in a consistent manner based on these criteria.  

We coded data using an iterative process adapted from a modified grounded 

theory approach (Glaser & Strauss, 1967) (see Appendix 1.3). We identified a priori 

codes based on daily practices: staying cool or warm (HVAC), hot water use (water 

heating), food preservation (refrigeration), and food preparation (cooking). We then 

allowed other codes to emerge from our collected data, including subcategories within 

daily practices (e.g., building envelope, window, and body-centric within ‘staying warm 

or cool’), as well as principles. These principles are defined in Table 1 and comprise: (1) 

eliminating energy waste; (2) insulation and sealing; (3) air flow and evaporative cooling; 

(4) reflection and shading; (5) absorption, storage and thermal mass; (6) alternative and 

latent energy; and (7) acclimatization and adaptation. Our approach entailed developing 

principles informed by our data (Appendix 1.3) and physical principles taxonomies, with 

an overarching goal of maintaining congruence with our user-centered approach. With 

regard to physical principles taxonomies, we consulted ASHRAE standards and physics 

principles from college text books. Thus, in summary, we framed our data collection in 

user-centered ways to extend our dataset to uncommon and culturally diverse options 

rather than current technology and end uses (e.g. food preservation rather than 

refrigeration), and then catalogued the common underlying principles across options. 

Moreover, we focused on accessible language and clear organization for our results 

framework to stay consistent with our user-centered framing and to make it more 
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conducive for designers to apply or combine principles when redesigning some of our 

options and generating other options.   

 

Table 1.1: Definitions of cross-cutting principles.   

Cross-cutting Principle Definition  

Eliminating Energy Waste Adjusting the timing, volume, or number of energy-using 

objects and/or adjusting level of energy use to perform daily 

practices with less energy.   

Insulation and Sealing Keeping heat inside or outside a given enclosure or the 

body.  

Air Flow and Evaporative 

Cooling 

Using natural or forced air flow for heating and cooling, and 

using water or alternatives to induce evaporation, for 

cooling.  

Reflection and Shading Keeping solar radiation inside or outside a given enclosure, 

and shielding a given object from solar radiation.  

Absorption, Storage and 

Thermal Mass  

Absorbing energy using natural or man-made materials and 

releasing it at some later time.  

Alternative and Latent 

Energy  

Using the warmth or coolth by-product from existing natural 

or human-made sources.  

Acclimatization and 

Adaptation 

Biological, behavioral, and social changes by which the 

body can maintain comfort and health, and the individual 

can achieve or maintain daily practices.   

 

 

 

Results  

We compiled energy-saving practices from our interview and secondary data. A 

subset of representative options collected through this research and organized by end use 

and principle is reported in Table 2. Data spontaneously generated by interviewees 

beyond the end uses targeted in this study—including plug loads, lighting, and 

cleaning—can be found in Appendix 1.4.  
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Table 1.2: Representative options from results, organized by end use and principle.   

End Uses: 

(% of U.S. 

energy use)  

Selected Examples of Results by Principle 

Eliminating 

Energy Waste 

Insulation & 

Sealing  

  Air Flow and  

  Evaporative  

  Cooling  

Reflection & 

Shading  

Absorption, 

Storage & 

Thermal Mass  

Alternative & 

Latent Energy  

Acclimatization & 

Adaptation 

(biological, social, 

and cultural)  

Staying cool or 

warm in 

buildings 

(HVAC 1) 

 

(Total HVAC 

54% ) 
 

Close off 

unused rooms;  

install 

optimized 

thermostats 

Insulate 

existing walls 

from inside  

Use cleaned    

chimneys  as 

wind towers; 

use fans instead 

of AC 

Install large 

awning(s) or 

hang sheets to 

cover south 

facing wall; 
install white 

or reflective 

temporary 

roof cover or 

use shade of 

large 

deciduous 

trees  

Use cold 

outside/night 

temperatures to 

make ice, use it 

for cooling in 
the day; use 

earth to cool 

during summer 

& heat during 

winter: (a) use 

high thermal 

mass material 

(e.g., 

adobe/stone) as 

part of 

structures, (b) 

use ground 
pump systems 

or earth cooling 

tubes, (c) finish 

off, clean & 

spend time in 

the basement on 

hot days 

Use solar 

collectors  to 

capture solar 

energy; use 

heat 
exchangers 

Place all warm items 

in one enclosed 

location (e.g. 

cooking, heaters, 

people) e.g. 
Japanese Kotatsu is 

a shared table & 

blanket with heater 

unit 



33 

 

Staying cool or 

warm while 

allowing daylight 

and ventilation 

(HVAC 2) 

 

 Seal joints 

between walls 

& windows & 

doors, & 

edges to 

windows that 

do not close 

all the way; 
use season-

sensitive 

thermal 

inserts  for 

windows; use 

window 

“pillows” and 

shades 

Hang wet 

clothing in open 

doorways for 

cooling; open 

windows and 

doors during 

evenings & 

close during the 
day in summer 

Use thermal 

“Mylar” 

shades or 

reflective 

blinds; use 

tint or “low-e” 

coating on  

windows 

   

Keeping our 

bodies cool or 

warm  (HVAC 3) 

 

 Wear multiple 

layers, 

including high 

tech long 
underwear in 

winter 

Wear damp 

clothing during 

heat waves 

Wear 

reflective 

thermal jacket 

in cold 
weather 

 Use body heat 

e.g. share a 

blanket 

Use exercise & 

hydration to 

acclimatize to hot 

conditions; eliminate 
AC; strategically 

warm/cool pulse 

points; temporarily 

move to another 

location to warm up/ 

cool down (or take a 

cool shower); take 

siestas 
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Hot Water Use 

(Water Heating) 

(18%)  

 

Use a water 

heater timer; 

install 

showerheads 

with large water 

drops to reduce 

temperature of 

water needed 
for comfort 

Install flue or 

vent dampers; 

install 

multiple 

layers of 

insulation e.g. 

radiant barrier 

on hot water 
heater & pipes 

leaving the 

heater  

Close off top of 

shower door 

while showering 

  Place non-

toxic, 

containers  

painted black, 

filled with 

water in the 

sun; use heat 

exchangers 
(e.g. in shower 

drain) 

Take cool showers 

during heat waves 

Preserving food 

(Refrigeration) 

(4% )  

 

Reduce volume 

of air in 

refrigerator 

with foam 

blocks etc. (so 

there is less air 

turnover when 

door is opened); 

open 
refrigerator less 

frequently & 

for shorter 

durations; 

eliminate extra  

refrigerators 

Cover 

refrigerator 

with 

insulation 

Draft cold air 

from outside or 

basement 

Cover 

refrigerator 

with radiant 

barrier  

Place containers 

of water in 

refrigerator or 

freezer 

Vent 

refrigerator to 

the outside 

Preserve food 

without refrigeration 

to decrease size of or 

eliminate need for 

refrigerator (e.g. 

store root vegetables 

in sand, store others 

near water, use the 

sun to dry and 
preserve food items) 

Food 

preparation 

(Cooking) 

(4%) 

 

Avoid oven for 

small meals; 

turn off electric 

burners early; 

cook in batches 

Use retained 

heat cooking 

e.g. hay box 

cooker or 

equivalent 

   Use solar 

cookers and/or 

solar pressure 

cookers 

Use lower energy 

cooking methods 

(e.g. sautéing); eat 

raw foods to avoid 

cooking on hot days 
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Results by End Use 

 

Staying Cool or Warm in Buildings (HVAC 1 – Building Envelope)   

This section refers to the building envelope or the large structure that separates 

climate-controlled areas from the outside (ASHRAE, 2011). Reducing wasted space (in 

the sense of using less and eliminating unused extra space) and sealing (closing securely 

or making impervious) are important starting points for saving energy in homes. To 

reduce HVAC load, Goodall, in his book How to Live a Low-Carbon Life, recommends 

relocating to a smaller home, as there is less volume to heat and cool (2007). However, 

we do not consider moving to a smaller home here, because that would require significant 

effort and not meet our inclusion criteria. There are a variety of alternatives to moving to 

a small home, which we cover in the rest of this section; the first is closing off unused 

rooms in one’s existing home (or rooms that could become unused once space is used 

more efficiently in other rooms). Closing off could be done according to time of day and 

usage, event, or season. Additionally, one could use a radiator thermostat: this is situated 

on the inlet pipe into a radiator and allows the homeowner to regulate temperature in 

individual rooms. One source suggested segregating the power supply to the home office 

and using it only when needed.   

Once room openings are closed, it is important to restrict temperature and air flow 

to those rooms to avoid wasting energy.
33

 One way is to manually adjust the vent louvers 

to block or vent air flow. Often these louvers function poorly, so well-sealing plastic lids 

or covers may be a good option for controlling ventilation.  Two interviewees suggested 

automating the closing of room registers (ventilation openings in the floor) – for example, 

closing the louvers or controlling an inflatable balloon to block air flow as necessary and 

then deflating it when ventilation is needed again; the latter option would  require less 

energy than closing and opening the louvers.  However, automation is difficult, as wires 

can be expensive and complicated to install, batteries expire and need replacement or 

                                                             
33 In general, to control temperature using the thermostat, an interviewee recommended that one could 

eliminate the air-conditioning set point if the goal is heating, and vice versa. Another interviewee 

recommended turning down the thermostat at night and during the day when no one is home, and turning 

off pilots during the summer months. A central heating programmer can also be used, and it can be 

overridden by the room thermostat if said room is warm enough (Goodall, 2007).  
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recharging, and the energy spent on automation may not be cancelled out by the savings 

it produces. Even with manually closing off rooms, energy savings from shutting off 

forced-air heating and cooling to unused rooms can be offset by duct leakages (Walker, 

2003). In addition, closing off rooms means air intake must be situated in the actively 

ventilated rooms to maintain a closed system. Closing off rooms could result in large 

energy savings, especially if the room opens to the outdoors, so it may be important to 

address these issues with upstream stakeholders (Walker, 2003).
34

 

Thermal insulation, or blocking heat transfer (ASHRAE, 2011) retains warmth, 

and sealing can retain heat or cold. The R-value is the thermal resistance of a material for 

a given thickness (ASHRAE, 2011). Wall insulation depends on several variables, 

including the wall material (e.g. wood frame), and climate – for warm climates R-11 to 

R-22 is recommended, and for cold climates, R-11 to R-28 (LBNL, 2004). Given that 

traditional insulation is difficult to install and costly as a result (requiring walls to be 

removed or holes to be created to blow-in cellulose insulation, and so on), insulation that 

can be applied on the side of the wall that faces the living space could be more feasible.
35

  

Air flow (moving air for the purpose of cooling) and evaporative cooling (a 

reduction in temperature when a substance evaporates, which is the mechanism of 

sweating – water evaporates, cooling the skin by removing the body’s heat) are important 

pathways for energy-saving practices. Fans were mentioned as an obvious low-energy 

alternative to air conditioning, with their effects amplified by wetting one’s skin or 

clothes, or putting ice in front of the fan. However, several interviewees described 

ventilation methods that do not require any energy consumption. One source suggested 

opening windows and doors strategically to facilitate a cross-breeze. The cupola is a 

historically traditional Western structure which varies in size, is dome shaped, rests on 

top of buildings, and can be used for ventilation with a fan to draw warm air up and out, 

as well as for daylighting through the vents or louvers (Archiseek, 2012).  Enhanced 

versions include innovative green design implemented by two of our interviewees, as 

well as wind towers (also called wind catchers) implemented in the Middle East. The 

                                                             
34 One interviewee suggested lighting gas pilots manually instead of leaving them on. 
35 Historically, this has been accomplished using tapestries and rugs on the walls, and some of our sources 

still use these objects. On the outside of the walls, foam gaskets typically used to cover light switches and 

outlets can be applied, as one interviewee mentioned. 
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latter allow cool air to be sucked up through the tower and out of the openings on the top, 

or drawn down from the higher level to the bottom where people sit on benches and 

benefit from the breeze that is naturally generated. Our interviewee described it as 

follows: 

 

“…it not only catches like any slight amount of wind, but it amplifies it, so when you’re sitting 

inside, you’ve got a pretty cool breeze and it’s pretty bearable.  You’ll be outside and it’s really 

hot, but once you get into this wind tunnel, you’re like, ‘Oh, it’s okay.’”  

 

Another technique from the outside, this time using evaporative cooling, would be to 

water the garden in the evenings to keep the home cool at night.  

 Shade (shelter from the sun’s rays) and reflection (bouncing light off of a surface) 

are also important ways to cool and heat a home. A basic observation was made by one 

interviewee that using outside shade, such as that from a tree, a shaded porch, an awning 

off the side of a roof, or a sheet hung from the edge of the roof, seemed to be more 

effective than indoor shading such as that from drawing curtains. Color of the house and 

roof is also relevant given that dark objects absorb 40-95% of the solar radiation that hits 

them, while bright white materials reflect
36

 80-98% (U.S. DOE, 2011c). Because of this, 

light-colored roofs have gained popularity (Rosenfeld et al., 1998). Two interviewees 

described two ways in which reflection enhanced indoor lighting in their home: 

 

“[Our architect] won the city award for the best natural lighting for a house this size.  We have a 

plaque we used to have on the wall…He painted the walls white but they did the angles of the 

walls in such a way that when the light came in the entranceway, it reflected so that it created a 

lot of natural light inside. We have interior windows.  There's one in the bathroom and then two 

here in the kitchen.  I wasn't used to that much light and I was constantly trying to turn the light 

off and it wasn't on.”  

 

Based on these examples, it seems reflection of daylight can enhance indoor lighting 

noticeably.  

                                                             
36 Some reflective materials (e.g. the radiant barrier) are also used for insulation.  
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Thermal mass is an important way of controlling temperature. Thermal mass 

consists of materials that readily absorb excess heat without becoming hot; and once 

ambient temperatures drop, thermal mass slowly releases stored heat to the surrounding 

space (Vincente, 2011).
37

 According to Balaras (1996), “for the material to effectively 

store heat, it must exhibit a proper density, high thermal capacity, and a high thermal 

conductivity value, so that heat may penetrate through all the material during the specific 

time of heat charging and discharging.” Our interview with a Nigerian native revealed 

that floors in wealthier Nigerian homes are made of terrazzo, an Italian invention 

composed of stone and marble, which have high thermal mass. Another interviewee 

informed us that building homes using concrete masonry units (CMUs) can provide 

added cooling, since concrete has high thermal mass, and the concrete bricks additionally 

have air pockets which act as an insulator. Unfortunately, both terrazzo and concrete have 

high embedded energy and/or greenhouse gas emissions associated with them, but these 

options inspired us to research better options.  

We studied materials such as stone, brick, and adobe, which have high thermal 

mass and low embodied energy. These materials have been used in building structures by 

humans for thousands of years and are common throughout the world. Adobe is a 

material composed of sand, clay, water, and fibrous or organic material (such as sticks, 

straw, and/or manure), which can be shaped into bricks, then sun-dried (Collyns, 2009). 

Structures built with adobe are durable, and account for some of the oldest buildings in 

existence, but are vulnerable to earthquake damage (Collyns, 2009). Tiles made of earth-

based ceramic can also be useful for cooling areas such as the bathroom in warm 

climates. One interviewee noted that bathrooms can become cold in some climates so 

cool materials should be avoided – materials such as fiberglass could be explored that 

would be useful but may have other barriers, such as esthetics. Two interviewees, a 

married couple, included a pool with a concrete deck in the front of their home, called a 

solarium, using both water and concrete as thermal mass to absorb heat from sunlight 

during the day and passively heat their home in the evening, with the co-benefit of noise 

                                                             
37 Thermal mass is distinct from insulation. Thermal mass stores and releases heat, while insulation blocks 

heat from flowing into or out of a building or an appliance (Reardon, 2010).  
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reduction. Another interviewee suggested using a greenhouse as a solarium. Soil also has 

high thermal mass, which we explore further below, under alternative energy.  

Heat recovery, or using by-product heat that would otherwise dissipate, is an 

important way to harness energy. For instance, one of our interviewees suggested using 

heat from cooking as a source of warmth, based on his experience in Afghanistan during 

winter: 

 

“One of the things you realize is that they use the cooking heat. They try to put all…the heat, the 

people, the bodies, all that kind of stuff, in one room.”  

 

Other ideas for heat recovery include using steam from a hot shower, and heat given off 

by an oven, electric dryer, desktop computer, incandescent lights, or certain types of TV 

or computer screens, such as plasma (Goodall, 2007). This could be accomplished by 

moving to the room with the appliance, or vice versa, or re-routing the warm air 

(Goodall, 2007).
38

 

Alternative energy (energy acquired from sources that avoid ill side-effects of 

fossil-fuel based sources) includes renewable sources, and these are often readily 

available for capture, in the widest geographical areas, and with reduced negative 

environmental impact, in the forms of solar, wind, ice or cool outside temperatures, and 

ground source heat and coolth
39

 (as compared to tidal, geothermal, biomass, fossil fuels, 

and nuclear energies). Solar heat energy can be captured in the form of heat in a variety 

of ways, typically using convection, or the transfer of heat through the heating and 

movement of gases or liquids. Obvious examples include the use of solar radiation for 

heating the home during the day through windows and skylights. More innovative 

solutions include a variety of “heat grabbers” or heat collectors, alluded to by one DIY. 

Earth cooling tubes perform similarly (note example in Introduction of cool soil 

temperatures), except are cooled through tubes embedded in the ground. The use of air 

can be problematic, however; for example, it loses its heat quickly after a solar source is 

                                                             
38 It might be more energy efficient to install more efficient devices that give off less heat, although that 

could be expensive. 
39 In soil, thermal mass allows heat and cool to be maintained from solar warming and cool weather 

respectively. 
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removed, and can circulate mildew that may form in the cool dark environment of earth 

cooling tubes. These problems can be addressed, and systems enhanced, in a variety of 

ways, for example, with an analogous system that uses water instead of air (U.S. DOE, 

2011d; Reysa, 2011).  

Closed off rooms (discussed above), can be used to store heat during the day to 

warm the home at night. One of our interviewees related how his father had invented a 

passive solar system placing stones as thermal mass in a spare south-facing room to 

absorb heat during the day and use it to sufficiently heat his home in the evenings, even 

in harsh weather conditions. The formation of ice from cool night air, to produce cooling 

during the day, is another technique, utilizing ambient temperature, thermal mass, and 

evaporative cooling. Persian ice towers, called Yakhchals, were historically built to store 

ice over summers; they had water continuously spiraling down the dome-like structure 

over the pits to keep the structure cool (Earth Architecture, 2009). The domes were built 

of a highly insulating, impermeable mortar made of organic materials, and any ice that 

melted would drain into a trench so it could re-freeze at night, and then was cut into 

blocks and stored in deep caverns to allow the trenches to collect more water (Earth 

Architecture, 2009). Existing dome-like buildings such as churches made of stone or 

other thermal mass could be used to store water in this way (especially if the churches 

have underground crypts)  to prepare for water shortages in urban areas. One interviewee 

alluded to a more recent technology that uses this principle: 

 

“Have you guys seen the HVAC that sits on your roof and creates ice? It’s actually interesting, I 

don’t know how well it works but what they do is at night they consume energy to create ice 

inside of this HVAC system, and so by the time morning comes around they have this gigantic 

block of ice then during the day at peak hours they then start using that ice to continue the cooling 

process and powering the air conditioning.”  

 

This technology operates by freezing about 400 gallons of water in an insulated tank by 

pumping refrigerant through copper coils within the tank, after which the water that 

surrounds the coils freezes, and the unit then turns off, storing the ice until its cooling 

energy is needed (Ice Energy, 2012). Although this technology shifts energy use instead 
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of reducing it, we can learn from past practices that took advantage of seasonal changes 

to store ice. For example, harvesting ice from frozen lakes to barns during winter, where 

they were stored until spring and then used for cooling buildings, was an industry from 

the 1890s to 1940s (Petrillo, 2008).  

 

Staying Cool or Warm while Allowing Daylight and Ventilation (HVAC 2 – Windows 

and Doors)  

Interviewees suggested that sealing joints between walls and windows or doors, 

corners where windows and doors open, and in electrical sockets, can prevent air leakage 

between conditioned parts of a home, closed off rooms, and the outside and save 10-20% 

of energy in the home (Baechler et al., 2010). Regarding sealing joints between walls and 

windows or doors, currently, the products that require the least skill are electrical tape 

and mastic sealer. Mastic sealer is a durable, waterproof, ultra-violet resistant, and often 

rust-proof thick paste that comes in many colors and adheres to almost any surface with a 

smooth finish (Rivers, 2012). To close off leaks derived from where windows and doors 

open, DIYs recommended door or window socks (pieces of sewn cloth or a sock stuffed 

with soft filler materials and sometimes stones for weight, that are placed on window 

ledges or at the bottom of doors to block cold air), but draft dodgers (similar to door 

socks but can be made of plastic, and some can move with the door) or door stops or 

bumpers (that attach to the floor and do not move with the door) may be more widely 

acceptable due to aesthetics and self-maintenance (e.g. May, 2011). Rubber gaskets and 

seals are also available to close off the side parts of windows and doors to prevent 

leakage (e.g EPDM, 2012); this is commonly known as weather-stripping.  

Insulating windows is another important measure. R-values range from 0.9 to 3; 

single pane windows are typically R-1, and double pane windows range from R-1.58 to 

R-2.2 (APSC, 2012).  There are several ways of insulating windows to increase R values. 

The use of translucent window coverings to let light in while providing insulation have 

been used in the past; some have used animal guts, which were also reported by our 

interviewee to be of current use in Afghanistan, and others use paper (Reynolds, 2012). 

Currently, adding multiple panes and/or window coatings during manufacturing (e.g., 
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low-e) improves R values to about R-5 depending on frame material and other variables 

(APSC, 2012), but can be a costly and effortful retrofit.
40

 We identified more feasible 

alternatives in our research. The first included window film that can be for tinting or 

privacy (some of the latter are decorative) and are applied either using heat or a soapy or 

cleansing solution (e.g. Singleton, 2012). The second is an inexpensive and easy to install 

secondary pane made of plastic. This is in the form of storm windows, which are made of 

sturdy plastic and replace screen windows and doors during cold seasons, as well as in 

recent innovations, such as Indow Windows, which are thermal inserts similar to storm 

windows but can be mounted inside a window and use pressurized springs (providing for 

easier installation and sealing) (Indow Windows, 2012).  Perhaps these film and 

secondary pane solutions could be enhanced further to fit most windows (for example, 

with a two-way overlap expansion), and be desirable year round; for example, so that the 

secondary pane can open while installed, or the film can block solar radiation during hot 

times of the year but not other times (note the latter problem is an issue with low-e or 

other coated glass as well; at least the films can be removed).  

Insulating window coverings such as shutters and shades are also important to 

achieve energy savings. Shutters, as well as present day blinds, have been used to provide 

insulation, allow for ventilation with reduced solar radiation, modulate the intensity of 

both direct and indirect sunlight (which differentially affect glare and fabric fading), 

provide privacy, and provide storm protection. Their effectiveness for insulation and 

ventilation
41

 depends in part on whether the angle of the louvers or blinds can be 

adjusted, and whether the shutters are installed outside or inside the window. The R-value 

of traditional shutters is approximately R-2.7 to R3.1 (English 2010). One of our 

interviewees was prototyping insulative shutters for greenhouses, homes, and commercial 

buildings using polyisocyanurate (an improvement on polyurethane)
42

 at a proposed price 

                                                             
40 The use of low-e glass for north facing windows but single glazed glass for south facing windows to 

capture more solar energy in winter would be cheaper than glazing all windows (Goodall, 2007). 
41 Generally building sciences separate insulation from ventilation, as the former has to do with blocking 

heat transfer, while ventilation allows air transfer and can influence heat transfer. However, windows serve 

both functions at different times, so we discuss these functions together here.  
42 Polyurethane is a common type of foam insulation that can be sprayed into wall cavities or installed as 

rigid foam board.   
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of $25/sq ft installed, which is competitive compared to energy efficient windows.
43

 He 

describes these greenhouse shutters thus: 

 

“This greenhouse…has 12 shutters of a variety…they’re called pocket shutters…a dedicated, 

insulated pocket during the daytime and then at night, it slides down between glazings and ya 

know there’s an R-2 window to something like R-14 at night. There’s another 12 in the upper part 

of it that are swinging, inside shutters that do something that’s R-1 to about R-12 at night.  Then 

it’s got four other special purpose shutters for covering up the fan and ventilation systems and an 

evaporative cooler medium that are sort of like sliding shutters that are exterior shutters.” 

 

However, the cost and effort of such insulative shutters may be high compared to 

potential alternatives. One affordable alternative, according to one of our DIYs, is a 

window pillow made of curtain material or pillow cases filled with double-bubble radiant 

barrier or other type of insulation; the amount or type of filling could be adjusted by 

season if desired. The window pillows would need an esthetically appropriate mounting 

solution and a way to allow light through, which is referred to as fenestration (ASHRAE, 

2011).   

Both shading and reflectivity
44

 (the proportion of heat or light that is reflected 

away or inward by thick surfaces) are important when considering window coverings 

such as shutters. The insulative shutters and shades described above are useful for 

insulation, but not for providing ventilation and fenestration with reduced solar heat. 

Some of the above features may need to be combined with the following to provide the 

range of functionality of historical shutters. One of our DIY interviewees has installed 

Thermal (‘Mylar’) sun shades in his kitchen, which roll down like typical shades but are 

see-through and tinted like sunglasses, apparently offer a 99% rejection of ultraviolet rays 

and help reduce heat by 73% (Solar View Window Shades, 2012). Another interviewee 

described reflective blinds that can be closed at night for insulation from the cold; they 

have been patented by Holly Shapiro at Oakridge National Labs: 

 

                                                             
43 Depending on size, specific efficiency measures adopted, and installation costs, efficient windows can 

cost from $30 to more than $40 per square foot (This Efficient House, 2012; DeBusk, 2010).  
44 Note these are not mutually exclusive; reflective material can also provide shade.  
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“Our reflective insulating blinds—they’re sort of horizontal blinds that are somewhat curved and 

you open them up and one reflects against the other and then spreads light across the ceiling on 

the inside…”   

 

Thus, reflective properties can keep solar radiation away from the home, or direct it 

inward for day lighting.  

 

Keeping our Bodies Cool or Warm (HVAC 3 – Body-Centric Approaches) 

Bodies can be warmed much more efficiently than buildings, given the former’s 

relative size; if the body is well insulated, space heating could become unnecessary, 

leading to high energy savings. Multiple interviewees suggested ideas along these lines; 

for example, one stated: “There’s a shift from space heating, cooling, to body-centric 

approaches, which happens in some places already.” This principle includes targeting, 

exposing, insulating, sealing, resting, or temporarily relocating the body to better adjust 

to ambient temperatures.  

Our interviewees recommended multiple ideas for using clothing as insulation. 

DIYs suggested wearing multiple layers of warm clothing in cold weather, as this allows 

for easy thermal adjustment, and also creates layers of air which add some insulation 

without adding weight. A household historian recommended long underwear; currently 

high-tech versions that wick away moisture for dry comfort, and have thermal materials 

for warmth (e.g. wickers.com). Animals obviously rely on their natural coverings such as 

fur, wool, and hair and birds on their feathers for insulation (Schmidt-Nielson, 1997), and 

humans predominantly used such materials for their clothing and housing insulation until 

the mid-20
th

 Century (Bell, 2011).  

Less insulation is obviously useful in keeping cool in hot weather, and yet cultural 

norms often prohibit this. Lightweight and light-colored (as dark colors absorb more 

light, which is released as heat) clothing helps to stay cool in hot weather, yet business 

attire such as suits and ties often counter this and necessitate heavy air conditioning. One 

of our interviewees reminded us of the Cool Biz campaign, mentioned above, through 

which the Japanese Ministry of the Environment endorsed a short-sleeve and less formal 

summer business attire with strong branding and promotion (e.g. the Japanese Prime 
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Minister appeared for interviews without formal attire). The goal of this campaign was to 

have government workers set their thermostat at a higher temperature over the summer to 

reduce air conditioning load, and it was successful in significantly reducing CO2 

emissions over the summer months in 2005 (Ministry of the Environment, Government 

of Japan, 2008).  

Our Middle Eastern interviewee provided an interesting idea for clothing: the 

dishdasha (commonly known as thawb or thobe) is a long, loose, sheet-like garment that 

keeps the body cool by allowing for significant air flow. The dishdasha could be adapted 

using modern materials and made more stylish and appealing for Western cultures. Some 

animals, including cats and dogs, typically lick the body to cool down via evaporation as 

a common adaptive measure, and honeybees spread droplets of water over their hive and 

fan them with their wings if the hive overheats (Schmidt-Nielson, 1997). These examples 

can be adapted for humans, for example, individuals can wet their skin and/or clothes 

with water, with evaporative cooling perhaps enhanced with wind or a fan; the design and 

promotion of drip-free hats and bandanas made of special materials that can be soaked in 

water and worn on hot days could also be beneficial. An immediate consideration for 

wearing damp clothing is appropriateness for home and work furniture, floors and 

carpets, according to our pilot testing of this idea. It is interesting to note that sweating or 

appearing wet is seen as inappropriate and even disgusting in contemporary society, as 

evidenced by the prevalence of anti-perspirants which contain chemicals to reduce 

sweating (Holzle, 2002), distinct from deodorants that use other chemicals to mask or 

reduce odors. 

Body heat (produced by metabolic activity or exercise) or a small external heat 

source shared with other individuals can help reduce energy demand. Emperor penguins 

display adaptive huddling behavior to reduce their bodies’ surface area exposed to cold 

wind and thus stay warmer without burning a lot of calories (Schmidt-Nielson, 1997). 

Similarly, one of our secondary sources suggested sharing a blanket to minimize the use 

of space heating (Goodall, 2007). An old Japanese norm called Kotatsu refers to a low 

table with a heavy blanket or quilt draped over the frame, with a heater attached to the 

frame that would warm several people at once (Fujii & Lutzenhiser, 1992). Old Japanese 
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homes situated the main table over a pit in the floor, with a bed of charcoal or some kind 

of fuel, with a grate over it that one could rest one’s feet on.
45

 The tabletop was 

unattached and placed on top of the blanket. One could sit with legs under the table and 

the blanket tucked around the legs for comfortable and low-energy warmth. Recently, 

Kotatsu have become available for online purchase in the U.S. with separate heater units.  

Changing the temperature of certain parts of the body can be very effective in 

changing its overall temperature. A well-known example is that of core temperature; our 

research indicates some DIYs drink hot beverages such as tea to achieve sufficient 

warmth in cold weather, and drink cold beverages containing electrolytes to stay hydrated 

in hot weather. However, other areas of the body, so-called pulse points where arteries 

pass close to the skin, are known to heat or cool rapidly; these include wrists, ankles, and 

the neck (A.D.A.M., 2012). Our secondary research revealed that athletes plunge their 

hands and wrists into cold water to produce a cooling effect (DeMartini et al., 2011), but 

also turned up a variety of more practical solutions at reasonable prices – some are 

designed using exothermic (heat releasing) and endothermic (heat absorbing) reactions; 

others involve coolants, materials that encourage evaporative cooling, and cold packs, 

such as gel-filled coolers that one can chill in the freezer (DeMartini et al., 2011). A more 

extreme example we encountered is an innovative device designed to draw blood to the 

extremities to cool the body. Designed by biologists, the device is described in an article 

as follows: 

 

“The device works by creating a local subatmospheric pressure environment…We stick the hand 

in a rigid chamber with an airtight seal around the wrist, and then we draw a bit of the air out of 

the chamber…This causes blood to be pulled into the hand. Then we cool the overlying skin 

surface of the palm of the hand [by circulating cool water through a closed system on which the 

palm of the hand rests], which cools the blood in the hand's vascular heat-exchange structures. 

Arteries deliver blood directly from the heart to these vascular structures, and veins then carry the 

blood from these structures back to the heart.” (Derion, 2004, p1).  

  

                                                             
45 Carbon monoxide is a potential hazard with any option that includes fire indoors.  
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Combining location change with adjustment in activity levels can also help the 

body cope with extreme temperatures. For instance, temporarily moving to a cooler place 

cools the body down, and the cool body provides thermal mass to better cope with 

moving into a warm environment for a period of time. For example, ground squirrels 

periodically visit their burrows to cool off on hot days and then return to the surface and 

resume activity; this technique enables them to stay active during hot days (Schmidt-

Nielson, 1997). In Dubai, people sit in wind towers (described above) to temporarily cool 

down. Reduced activity levels, such as sitting, cause metabolism and consequently body 

temperature to be lowered, cooling the body. Specifically, extreme heat calls for rest, 

whereas increased activity can help create body heat in cold situations (Schmidt-Nielson, 

1997). Siestas or naps typically take place during the hottest part of the day. Our 

interviewee who lived in Dubai described adjusting the timing of his work, with a 5 a.m. 

to 10 p.m. work day and a break from noon to 4 p.m.; similar guidelines exist in other 

regions where extreme heat is a concern (State Emergency Management Agency, 2012). 

Our Nigerian interviewee told us that naps after lunch are common in her country. 

Another interviewee mentioned that siestas may be energy-intensive if people drive 

home; one way to avoid this is to permit siestas at the workplace. Other interviewees 

suggested simple adaptive behaviors such as sleeping on the porch or elsewhere outside 

in sleeping bags or sleeping in bed with a thin sheet instead of a blanket on extremely hot 

evenings.  

 Acclimatization is the process by which bodies biologically adjust to changing 

conditions, allowing organisms to maintain activity and health despite large fluctuations 

in, for example, temperature and humidity. The five main responses of heat 

acclimatization facilitate cooling; they are: rapid onset of sweating (for evaporative 

cooling), production of diluted sweat (to reduce sodium loss), plasma volume expansion 

(to conserve electrolytes and fluids), which triggers a small increase in heart rate, and 

increase in body temperature (Piantadosi, 2003).
46

 We learned from our Middle Eastern 

                                                             
46 How well acclimatization occurs and its reversibility depends on the age at which the initial 

acclimatization response occurred and the nature of the environmental stress (Frisancho, 1993). The 

cardiovascular system is involved in acclimatization – it speeds up and overproduces sweat, which in turn 

cools the skin and rectum; once acclimatized, the body’s sweat production drops (Frisancho, 1993). People 

can be artificially acclimatized, but studies show that women, due to higher skin temperatures, are more 
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interviewee that Indians brought to work with him in Dubai strictly avoided air 

conditioning to allow their bodies to acclimatize, so they were less uncomfortable outside 

in the heat, while management and other workers stayed indoors in air-conditioned rooms 

for most of the extremely hot hours (over 50 °C). Our interviewee speculated that perhaps 

the Indians instinctively knew that those who spend a lot of time indoors in air-

conditioned rooms may find it more difficult to adjust to hot outside temperatures; indeed 

it is advisable to keep indoor temperatures similar to outdoor ones (Folk, 2004). In 

general, a physically fit person can acclimatize to extreme heat in a week or two with 

about two hours of heat exposure per day plus gradually increased cardiovascular 

endurance exercise intensity and/or duration (U.S. Army, 2003). Acclimatization is 

reversible unless it lasts long enough to alter body tissue (Tikhomirov, 1963). Studies 

show that people with higher body fat acclimatize slowly and with more difficulty than 

those with high cardiovascular fitness; this is because obese people produce more body 

heat, and subcutaneous fat acts as an insulating layer that prevents optimal heat loss 

under heat stress (Frisancho, 1993). This suggests that maintaining good health and 

fitness builds individual resilience to extreme weather conditions; this also has obvious 

health co-benefits.  

Adaptation refers to behavioral, social, and some biological changes that can be 

made to cope with changing or new conditions (Piantadosi, 2003); adaptation and 

acclimatization can work together.  For example, in cold weather, humans and animals 

shiver to increase their metabolic rate (Schmidt-Nielson, 1997); exposure to cold stress 

first triggers adaptive heat production in the body through shivering, and acclimatization 

is a secondary response for maintaining warm skin temperatures over time without 

shivering, (Frisancho, 1993). Animals acclimatize and adapt to cold conditions in a 

variety of ways; inactivity aided by metabolic changes is one. Estivation or lack of 

activity in the summer is another way of coping with heat e.g. the Columbian ground 

squirrel stays in its cool burrow during hot summer months, and some lemurs and other 

mammals exhibit similar behavior (Schmidt-Nielson, 1997; Dausmann et al., 2004). 

Rodents hibernate, and some hummingbirds become torpid (a type of daily hibernation) – 

                                                                                                                                                                                     
vulnerable to heat stress; women are also less able to produce and retain heat under cold stress due to their 

high ratio of surface area to weight, despite having higher body fat content than men (Frisancho, 1993). 
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they lower their metabolic rate and remain immobile for months or hours respectively 

(Schmidt-Nielson, 1997) to survive the cold. Researchers have found that in ground 

squirrels, the mechanism of hibernation is a molecule called adenosine that slows nerve 

cell activity by telling the brain to become drowsy (Gilbert, 2011). It is possible that 

some forms of acclimatization and evolutionary adaptation in animals could provide 

ideas for technologies or innovations for humans. 

 

Hot Water Use (Water Heating) 

 We interviewed experts who could provide ideas for reducing energy 

consumption in hot water heaters, as well as reducing the need for hot water for major 

uses such as showers, baths, and grooming activities like face-washing and shaving.
47

 

Note that not all of the solutions described below for hot water heaters are applicable in 

all homes, because there are several different common types of water heaters: (1) 

conventional storage water heaters that have a reservoir or tank of hot water; (2) on-

demand or tankless water heaters; (3) heat pump water heaters that can pump heat from 

one place to another instead of generating hot water
48

; (4) solar water heaters that heat 

water using the sun’s energy; and (5) tankless coil and indirect water heaters that use a 

home's space heating system to heat water (US DOE, 2011b). According to Energy Star, 

of these types, gas storage heaters dominate the U.S. market, followed by tankless, heat 

pump, and lastly, solar (Ryan et al., 2010). 

 We came across two ideas for reducing wasted heat from hot water heaters. One 

idea for reducing waste may require redesign for feasibility and widespread uptake. An 

interviewee described how he tinkered with his gas hot water heater and the benefits and 

hazard he discovered:   

 

“…you can take a piece of tinfoil, you can turn your gas water heater thermostat to vacation (pilot 

only). If you put the piece of tinfoil on top of that flue, where the vent pipe would have gone 

outside and you disconnect the vent pipe…that piece of tinfoil left in place (maybe a little tiny 

                                                             
47 Our end use categories were intended to cover in-home hot water uses like showers, and although we did 

not ask about pools, a few interviewees mentioned energy-saving practices for pools such as using a timer 

for the pool pump and using a highly insulative pool cover for heated pools.  
48 This is similar to using heat from the outside section of a room air conditioner to heat water.  
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hole for condensation) will keep the heat from the pilot light from escaping and without needing 

the burner at all, you can heat your water. They won’t work for everybody or all cases, but people 

to whom I have recommended this, love it, and it is a big surprise. Who knew that for 36 therms 

(1 year worth of pilot light), you never need your burner. Fundamentally, this is the in some sense 

easiest and most rewarding hack I can point you to because the savings are enormous. The cost is 

zero. The only thing that is important about this is that (make it very clear) you cannot allow 

someone else from the family to turn the burner back on again away from vacation.” [Emphasis 

added]  

 

If the burner is turned on in this case, it can create a fire hazard because the vent pipe is 

disconnected. Many products, called flue or vent dampers, exist to automatically open 

when the burner is on and to close during off cycles (e.g. pexsupply.com), and although 

these would not work with the pilot idea discussed above, they would be useful for 

mainstream use. However, flue dampers are not ubiquitous due to systemic barriers such 

as manufacturing codes and warrantee limitations (see Discussion). 

 Another interviewee described how the shower can be modified to improve heat 

recovery through temporary sealing or other temporary measures. He recommended 

closing off the space between the top of the shower curtain or door and the ceiling to 

prevent air flow and keep the shower warmer so that water temperature need not be very 

high. This could be done with sliding plastic, resembling shower doors or even a piece of 

cardboard cut to size, to allow for any needed ventilation during or after showers. This 

expert also suggested using reengineered showerheads that produce large droplets, which 

fall slowly, retain heat, and allow a lower water temperature setting, for example Delta’s 

H2OKinetic (Delta Faucet Company, 2012).  

Interviewees also emphasized a few options for insulating various parts of the 

water heater. Two interviewees recommended double or triple insulating hot water 

heaters using blankets or ten-dollar 'emergency blankets' (e.g. 'radiant barriers') turned 

shiny side in and available at wilderness supply stores (e.g. REI). A third interviewee 

stated insulation may hide parts of the heater and could therefore conceal leaks, which 

could be a hazard; this might be overcome with a radiant barrier jacket that is softer 

(Energy Efficient Solutions, 2012). Two interviewees suggested that insulating plumbing 
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entrances to water heaters and plumbing entrances in the house with traditional insulation 

or with building insulation spray was perhaps more important than insulating the water 

heater. One of them explained: 

 

“…insulate the tank, but even more important, insulate the hot and cold plumbing above the tank. 

Those things will do so much to prevent standby loss. That’s where your biggest loss is.” 

  

As described in the staying warm or cool (HVAC) section, there are ways of 

using renewable energy such as solar radiation to heat water, which can also be used for 

space and water heating. According to one interviewee, two DIYs she knows constructed 

make-shift solar hot water heaters to satisfy their hot water needs; one used a black hose 

across the roof to heat water for showers, and another placed water bottles painted black 

outside to heat up in the sun to meet some hot water needs. It is unclear if these DIYs 

addressed plastic toxicity and hot water storage issues, but these would need to be 

resolved to make these ideas safer and more viable.
49

  

 

Food Preservation (Refrigeration) 

A discussion about eliminating wasteful consumption in the context of 

refrigeration typically brings up unplugging old or infrequently used secondary 

refrigerators; three interviewees recommended this action. Three interviewees suggested 

useful behavioral measures such as cleaning the coils and the area around the refrigerator, 

as well as moving it a few inches away from the wall using wheels to allow warm air to 

dissipate quickly. Opening the refrigerator door leads to energy loss through five 

mechanisms: “convective heat transfer, mass transfer, air replacement, conduction, and 

radiation” (Knackstedt et al., 1995). Opening the refrigerator less (for example by having 

defined sections for items to make it easier to take them out quickly, or having a glass 

door) could save more energy compared to increasing thermal mass or improving cold air 

circulation (Knackstedt et al., 1995; Askville, 2012; Adams, 2006)  but can be difficult to 

achieve due to behavioral barriers.   

                                                             
49 Behavioral measures were also suggested, such as taking short military showers using rain water, simply 

taking cooler showers (Goodall, 2007), and switching to manual razors.   
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Some of the options interviewees spoke about involved insulating refrigerators. 

Two interviewees advised that older refrigerators are more amenable to tinkering
50

 and 

can be externally insulated with hard foam ($0.45 to $0.90 per square foot depending on 

thickness of 1/2 inch to 2 inches),
51

 or a refrigerator blanket made of double-bubble 

radiant barrier (U values of < 1, R values of > 10, $0.33/sq ft).
52

 These measures, if well 

designed, would not interfere with opening of the refrigerator. The radiant barrier works 

by reflecting heat, so it would not be ideal to cover it with another material, but the foam 

could be covered or coated on the outward facing side to blend with décor. Both could 

have magnetic strips for easy installation, and would be sturdy, flexible, and compact. 

One interviewee described his modification as follows:  

 

“Turn the radiant barrier side out (the shiny side) and cover the front and sides of refrigerator 

when you leave during the day and when you go to bed at night. Cover it in such a way that the 

bottom of the refrigerator (where the heat vents out) is exposed, but the rest of [the] refrigerator is 

tucked in. We found magnetic tape with an adhesive side very useful for this purpose. This trick 

keeps the refrigerator's own heat and any sun from heating up your refrigerator. You get extra 

points if you line your refrigerator cabinet cavity with double bubble R-10 radiant barrier 

insulation.” 

 

Related to the principle of alternative and renewable energy, several interviewees 

suggested taking advantage of cold outside air to reduce energy consumption in 

refrigeration. Cold outside air could reduce energy use through four mechanisms: (1) 

reduce the temperature differential between the inside and outside of the refrigerator, (2) 

cool the coils more quickly so that the refrigerator does not have to “work as hard”
53

, (3) 

move cool air into the refrigerator so that electricity is not needed to cool the refrigerator 

                                                             
50 Auto defrost refrigerators, and other automated features of refrigerators make it difficult to tinker with 

them.  
51Home Depot sells rigid foam insulation (2011).   
52 Radiant barrier double bubble foil insulation can be purchased online (e.g. Insulationstop.com, 2012). 
53A low temperature vaporized refrigerant passes through the evaporator, taking up latent heat from the air 

in the refrigerator, thereby cooling its contents. The refrigerant cycles through a compressor, raising its 

pressure and temperature before passing through condenser coils which radiates the heat to the room. 

(Argonne National Laboratory, 2012).   
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air, or (4) use a cool place instead of a refrigerator, to cool food. For mechanism (1), 

making the air around the refrigerator cooler, one of our secondary sources recommended 

placing the refrigerator in the coldest room in the house (Goodall, 2007). Regarding (2), 

cooling the coils, sources recommended installing a ventilation grate under the 

refrigerator, or a floor register next to the refrigerator, to draft cold air from the basement 

or outside. One idea for homeowners that incorporates both (1) and (2) is to put the 

refrigerator in a cabinet with doors that close and latch, approximating a seal, and then 

vent the refrigerator cabinet to the outdoors. One of our sources describes this idea in 

detail:  

 

 “In the heat of the summer, when it is cooler indoors, we will sometimes leave the cabinet door 

open or ajar. We don't block the vents though -- since they are under and on the north side of the 

house, they don't bring in much heat even when it's 100F+ outside. In my opinion, this venting is 

a major part of successfully using an electric fridge while keeping our electricity use very low 

(1.5 to 3 kWh per day), depending on season.” 

 

Mechanism (3), moving cool air into the refrigerator so that electricity is not 

needed to cool the refrigerator air could be done in several ways. One way of keeping the 

inner temperature of the refrigerator cool is through the use of thermal mass. According 

to one interviewee, Nigerians place plastic bags of water in freezers that keep food frozen 

if the power goes out for a few hours. It would be even more effective to use cool outside 

air to keep the freezer cold (during cold evenings, cold winters, and snowfall, for 

example), for free. One source suggested placing a block of ice into the freezer 

compartment of small refrigerators.   

Note that in mechanisms 1-3 above, the refrigerator is left on, so that there is no 

risk of food spoilage.
54

 That is, the refrigerator essentially acts as a hybrid - using cold 

outside air when available and conventional power otherwise. In fact, this hybrid idea has 

been implemented in commercial settings (e.g. Freeaire Refrigeration, 2012). Solar-

powered refrigeration systems that use solar energy to make ice have also been developed 

                                                             
54 Another technique is to use the highest possible temperature for the refrigerator that would avoid food 

spoilage (Goodall, 2007).  
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for poor communities, for example by Stanford University partnering with a company 

called Dissigno (Sandru, 2008). One of our interviewees also mentioned pedal-powered 

refrigerators, which use human power – for this option to work there would need to be a 

schedule for pedaling and/or complementing with electricity from other sources to ensure 

consistent power supply.    

There are also ways that a cool place (4), without a refrigerator, can be used to 

cool food. One interviewee suggested leaving some foods, because they do not need 

intense refrigeration, out of the refrigerator in a cool place in the house. For example, 

apples, citrus, peppers, and various other fruits and vegetables can be stored on the 

countertop, and squashes and potatoes can be stored in a cool, dry place (Barnes, 2012). 

Two interviewees had installed a rotating series of shelves with vents in the floor and 

ceiling:  

 

“It's called a California cooler and you draw cool air in—in the floor and one up high on the wall.  

It's a good place to store bulk things or anything that you wanna keep at about mild temperature.”  

 

Another interviewee pointed out that in the Middle East, people eat dense, less perishable 

foods such as dates, which don’t require refrigeration and supply concentrated energy and 

essential minerals. In these scenarios, the refrigerator is turned off, or there is no 

refrigerator; therefore these ideas would require testing and refinement to avoid food 

spoilage.  

Acclimatization and adaptation have allowed humans to preserve food throughout 

the world and ages. Our secondary research indicates traditional Korean style storage 

uses a variety of environmental conditions to help preserve food. Specifically, vegetables 

are either stored on a shelf above a container of water that keeps the vegetables 

humidified (e.g. bell peppers), placed in damp sand to simulate soil (e.g. carrots), or 

combined for optimal storage e.g. ethylene-emitting fruits such as apples are stored with 

potatoes to keep the potatoes from sprouting (No Tech Magazine, 2012). This approach is 

similar to root cellars, which are partially or fully underground structures that can store 

vegetables, dairy, salted meat and other food items at cool temperatures to avoid spoilage 

(Tortorello, 2008). 
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There are also ways of treating the food itself to preserve it. In South East Asia 

and the tropics, it is common to cook with spices that repel bacteria and other 

microorganisms that tend to thrive in warm humid conditions. Based on correlational 

data, researchers surmise that humans evolved to prefer spices because (1) spices helped 

prevent food poisoning and food-borne illnesses, and (2) people had aversions to (usually 

unspiced) food that made them sick (Sherman & Billing, 1999). Conversely, people 

living nearer the poles didn’t face similar microbial threats and developed bland foods. 

Spices typically used to kill bacteria include garlic, ginger, and cayenne pepper (Sherman 

& Billing, 1999).  

Historically, other common ways to preserve or “cure” food included the use of 

salt and sugar: both dehydrate food, reducing the amount of water for bacteria to live and 

grow in, and interfere with the DNA of bacteria (Parish, 2006). Smoking is another old 

method of preserving foods (Janes, 2001). Smoking can be carried out using wood, 

charcoal, propane, and other smokers, but only smoking is insufficient to preserve food 

and is usually combined with other methods, such as cooking or drying (Reynolds & 

Schuler, 1982). Other forms of preservation include pickling (using preservative liquids 

such as vinegar) and fermentation (allowing the food to produce its own preservative 

agents) (U.S. DA, 2009). Canning and bottling of fruits, jams, vegetables, and other foods 

kill bacteria by cooking the foods, and/or boiling the cans and bottles to sterilize them 

(U.S. DA, 2009). Drying using the sun or a dehydrator reduces bacterial growth by 

removing moisture from fruits, meat, and vegetables (Troftgruben & Keith, 1984). 

Drawbacks of these techniques include high energy impact (e.g. a dehydrator needs to be 

left on for 4-12 hours (Troftgruben & Keith, 1984); GHG emissions (e.g. smoking 

methods), and adverse health consequences, for example high salt intake increases risk 

for hypertension (Stamler, 1991) and gastric cancer (Tsugane, 2005), high sugar intake is 

associated with weight gain and diabetes (Schulze et al., 2004), and smoked food 

contains carcinogens (Fritz & Soós, 1980).   
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Food Preparation (Cooking) 

Reducing energy waste
55

 when cooking can be achieved using the smallest viable 

cooking duration or space for a given preparation. Regarding space, heating surface area 

or volume should be no larger than the cooking container so that energy is not wasted 

heating an element with no cooking effect (Hannani et al., 2006). For example, a toaster 

oven compared to a conventional oven, or a small rather than large stovetop heating 

element, will often suffice. When a larger space is required (e.g. an oven may be needed 

for a cake), cooking other food at the same time can make use of the otherwise wasted 

heat and space. Calculations would be required to be certain, but it seems likely that 

heating up an oven multiple times to cook individual meals is more energy-intensive than 

cooking several meals at once in a full oven, even if those extra meals need to be 

refrigerated or frozen later (cooling the leftovers on a countertop before refrigerating and 

microwaving to reheat can weigh in favor of batched cooking). 

There are several ways to reduce energy use while maintaining cooking heat 

through insulation - this is called retained heat cooking with a hay box (stuffed with hay) 

or otherwise insulated box. Also called the fireless cooker, this system requires boiling 

hot food to be placed in the insulated box, after which the retained heat completes the 

cooking process (Huntington, 2010).  A novel idea to encourage retained heat cooking 

would be an insulative wrap that could be purchased with pots and/or cookbooks or 

separately for use with existing pots and available in all major stores. In contrast to 

insulating pots, which is relatively easy, insulating the oven requires technical skill to 

take apart the oven, add insulation to the walls, and put it back together.  

Interviewees recommended options involving alternative or renewable energy, 

including ways of using pressure, and heat from the sun. Pressure cookers, special pots 

that seal well collect pressure and steam, can cook foods faster and at temperatures higher 

than boiling (Roberts, 2006). Two interviewees talked about solar-powered cooking, 

which uses the heat from the sun collected typically using cookers with box or parabolic 

designs (Schwarzer & da Silva, 2008). Techniques for using solar heat typically include 

                                                             
55 We restrictively/tightly define waste as achieving exactly the same end goal but with less energy – the 

technical definition of “energy efficiency.” This definition helps classify many end uses that might 

otherwise fall into both waste and alternative energy or adaptation principles.  
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concentrating sunlight onto a small cooking area using reflectors, converting light to heat, 

and trapping heat, for example using a glass cover, which applies the greenhouse effect to 

trap infrared radiation (Schwarzer & da Silva, 2008; Halacy & Halacy, 1992). In box 

cookers, temperatures can rise up to 150 °C (about 300 °F), although most food requires 

only up to 212°F at sea level, unless pressurized cooking is used (The Science of Solar 

Cooking, 2012).  The effectiveness of such devices can be enhanced in combination with 

pressure, such as with solar-powered pressure cookers. Other ideas, such as solar hot 

plates with temperatures up to 600 °F, have also been built (e.g. Halacy & Halacy, 1992).   

Two interviewees suggested behavioral adaptations related to cooking methods 

and duration. For example, cooking methods such as stir-frying, sautéing, and steaming 

are quicker than others such as baking or roasting. The amount of energy consumed by a 

method depends on the temperature, volume (as discussed above), and duration typically 

used for that method; however, gas is typically more efficient than electricity (Roberts, 

2006). Microwave ovens are most energy efficient; followed by electric ranges, gas 

ranges, then electric ovens and lastly, gas ovens (U.S. DOE, 1993; Bertoldi et al., 2001). 

Aside from cooking method and fuel source, reducing cooking or not cooking at all, for 

example by eating raw fruits and vegetables, reduces energy associated with cooking or 

eliminates it altogether. Secondary research confirms similar behaviors were suggested in 

Japan as part of their post-Fukushima and other Setsuden (energy conservation) 

campaigns (Itoh, 2011). Reduced or no cooking are desirable for health reasons as well; 

for example lightly-cooked vegetables retain important nutrients, while overcooking (for 

example, through boiling) can destroy them (e.g. Masrizal, 1997), and raw and cooked 

vegetables may reduce the risk of cancer (e.g. Link & Potter, 2004).  

 

 

Discussion  

Much of the emphasis on developing new energy-saving solutions to date has 

been either through incremental efficiency improvements in existing technology or 
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through advanced technologies that would require industry effort.
56

 To complement this 

work, we took an approach that focused on gathering and quantifying uncommon energy-

saving practices in order to create an opportunity map. We emphasized simple, relatively 

inexpensive and potentially scalable products, actions, and quick home adjustments that 

could enable daily practices to be performed using less energy. Our main selection 

criteria included in-home energy use ideas with high feasibility especially with regard to 

implementation in existing buildings, low technology requirements, and perspectives 

different from but applicable to current mainstream Western culture. We sought out 

opportunities from a user-centered goal-oriented approach rather than a technological 

one, in order to expand the set of options under consideration. We identified energy-

saving practices through in-depth interviews with 19 energy-related experts and others 

with unique perspectives, as well through supporting peer-reviewed and gray literature. 

Our results were organized by end use: staying warm or cool (HVAC), hot water use 

(water heating), food preservation (refrigeration), and food preparation (cooking), and by 

seven emergent principles to guide energy reductions through future efforts. This study 

also highlights the importance of studying and removing barriers to improve and 

accelerate the adoption of these energy-saving practices. The rest of this section 

elaborates on these topics and outlines implications for future research and practice.  

 

Organizational Frameworks to Guide Energy Reductions 

In total, we collected over 100 products, actions, and quick home adjustments 

across a diversity of individuals, cultures, time periods, and species. These clustered into 

approximately 40 representative options (Table 2), which we grouped by 7 principles or 

mechanisms (Table 1). We find it interesting that such diverse actors and innovations 

consistently reveal this common set of principles. It is possible that the repeated 

occurrence of the same principles across such a diverse sample, after elicitation through 

iterative and consistent methods, suggests that our work likely identified the majority of 

available primary principles. In Western culture, many of these principles are 

                                                             
56 Interviewees suggested only two advanced technologies, all consisting of innovative solar panels 

applying reflective technologies for HVAC and daylighting (see Appendix 1.4).  
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documented by professional sources (e.g., ASHRAE, DOE) but have been applied 

primarily through technology (e.g. heat exchangers, evaporative or “swamp” coolers, 

ground heat pumps, and so on). In this paper, we provide numerous examples of how 

these principles have been applied in less technological ways with the intent that these 

will serve as inspiration in our current culture for less expensive and potentially easier-to-

diffuse options. In addition, some of the principles and concomitant representative 

energy-saving options we identified are infrequently or rarely used in our culture and 

may be worth further exploration (e.g., evaporative cooling, use of cold outside 

temperatures for cooling, and so on).  

An analysis of the cells in Table 2 reveals some interesting findings: some 

principle-by-end-use cells contain one or more clear illustrations of a given principle, 

while representative options in other cells reflect the principle but also incorporate 

multiple other principles, and still other cells are empty (see Appendix 1.5.A for 

illustrative examples of principles). Examples of ideas that span multiple principles 

include Yakhchals, or Persian ice storage towers, which use earthen materials for an 

insulative tower structure, thermal mass of the soil to keep water frozen, and evaporative 

cooling via wind towers inside the Yakhchal. These options highlight the synergies 

between principles and could provide inspiration to designers. The empty cells in Table 2 

can also help guide designers and researchers to develop energy-saving options for those 

missing areas. The thermal mass and storage principles, for example, seem to offer useful 

ways of controlling indoor temperatures, and could have more insights to offer for other 

end uses, such as placing a tub of water in the sun for heating to use for shaving, washing 

clothes, or washing dishes. Using reflectivity and storage together, for example to store 

solar energy for use at night, using indoor solar lamps of the kind currently only used for 

lawns and gardens, may also be worth exploring.  

We also organized the energy-saving options into daily practices (end uses) and 

subcategories of end uses, particularly within the “staying warm or cool” end use. The 

subcategory of body-centric approaches within the staying warm or cool (HVAC) end use 

further indicates the importance of human- or body-centered and adaptive approaches as 

opposed to technological fixes. Motivating behavior change would need to be a central 
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focus to realize the possible savings from body-centric options.
57

 Instead of focusing on 

climate change and energy crises, a more palatable lens, as suggested by one interviewee, 

might be to promote good health and fitness with support from government, schools, 

celebrities, and political leaders (e.g. Michelle Obama’s healthy eating campaign in 

schools). This approach would promote individual health with energy savings as a side-

effect in the style of a stealth intervention (Robinson, 2010) where the desired outcome is 

not made explicit.
58

 Other important co-benefits of body-centric approaches include 

resilience to extreme temperatures both culturally (e.g. by using cold outside air for 

refrigeration) and biophysically (e.g. by being physically fit enough to acclimatize to 

extreme heat quickly).  

In addition to the principles and subcategories discussed above, interviewees 

spontaneously offered further insights that support our focus on modifying or reframing 

social practices; we labeled these insights Extreme, Lifestyle, and Imagine the Future 

through History (see Appendix 1.5.B for illustrative quotes). Extreme illustrates through 

the experiences of some of the DIYs we interviewed that up to 90% reductions in energy 

use may be possible. Additionally, if sufficient motivation and self-efficacy are present, 

as suggested by theoretical and empirical research (e.g. Bandura, 1997; Lepper et al., 

2008), the likelihood of success is improved. For example, DIYs, including two of our 

interviewees, expressed their motivation to be prepared for crises and be responsible 

citizens; they also believed in their ability to overcome obstacles until they had created 

viable solutions.
59

 Secondly, household historians suggested Lifestyle as an important 

insight, which can be summed up in this comment, “People don’t use energy. They do 

things that require it, but they don’t use it in any senseful way, in any meaningful sense”. 

That is, in order to make energy reductions meaningful, we must couch them in terms of 

daily practices that are meaningful, for example, one interviewee suggested breakfast, 

                                                             
57 However, some barriers would need to be overcome for this goal to be achieved, including reducing the 

reliance on technology; overcoming the fear of seeming backward or primitive; and reversing the tendency 

to dominate nature instead of responding to it. 
58

 For more on the importance of health and in particular, diet, see the section entitled Strengths, 
Weaknesses, and Future Directions.  
59 This is also an example of how building self-efficacy affords a personal sense of resilience that allows an 

individual to successfully persist even after initial failure (Bandura, 1994); such a sense of personal 

resilience, when multiplied across many households, could result in a more resilient society that could 

better cope with the threats posed by climate change and energy insecurity. 
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which is already vegetarian for some or could easily be made so, as a daily practice to 

focus on for promoting low-impact vegetarian meals instead of focusing on general meat 

and dairy reduction without a meal or other context that carries import.
60

 Lastly, one 

interviewee recommended that we Imagine the Future through History, which refers to 

applying learning from past societal transformations to help encourage future change. 

Many governmental programs, for example, supported the development and diffusion of 

electricity because it captured society’s imagination as being modern; we can apply this 

insight to renewables, which could be reframed as a captivatingly intelligent choice for a 

sustainable energy future that we cannot afford not to embrace ubiquitously.
61

 These 

three additional insights provide food for thought when designing and framing future 

interventions.  

 

Opportunity Mapping 

This study lays a foundation for quantifying, redesigning and reframing the 

energy-saving options identified here. To help guide the selection of a subset of practices 

for further development, it would be useful to develop an opportunity map based on our 

findings. As mentioned in the Introduction, opportunity maps are configurations of 

information in various structures or frameworks that allow expedient identification of 

knowledge that can be acted upon to solve problems (Zhao et al., 2005). To enhance the 

utility of an opportunity map and further build on this study, we recommend 

quantification of the energy saving potential and concomitant ranking of the practices to 

ascertain the best options. The lack of a comprehensive and meaningful system to 

calculate the energy saving potential of options such as the ones we catalogue here is an 

ongoing impediment.
62

 To accurately estimate impacts for some practices, perhaps tools 

                                                             
60 This advice can be applied when conducting future ethnographic studies to understand social practices 

that involve technology, such as staying warm, and food preservation. Reframing social practices may also 

be useful, for example excessive cleaning and laundry could be reframed as a skin care issue, since 

cleaning agents tend to contain harmful chemicals. More broadly, climate change can be framed as a health 

issue; indeed this perspective is gaining traction (e.g. Maibach et al., 2010). 
61 Of course affordability, embedded energy, and usability would need to be addressed in tandem with such 

an effort.  
62 Technical Resource Manuals (TRMs) offer some large datasets of quantified energy savings strategies. 

TRMs identify energy efficiency savings that can be credited to utilities by public utility commissions. The 

most extensive TRMs are California’s Database for Energy Efficient Resources (DEER) and Northwest 
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such as smart sensors and lab experiments could be applied. However, experts suggest 

back-of-the-envelope calculations may be sufficiently accurate and a faster way to 

ascertain, generally, the overall level of savings. Our work leads to the question: to what 

extent do our options reduce energy use? A useful conceptual way to represent 

quantifications might be to depict them as an overlay on Table 2 or on a pie chart (e.g. 

U.S. DOE, 2008), showing the proportion of energy currently consumed by each end use, 

and the possible percent reductions as a shaded sub-section of each end use portion; 

additive and non-additive options would need to be differentiated, which is a non-trivial 

task. Also, which options and themes are most promising? Are there particular options 

that are significantly underutilized in our culture, or are the most promising options 

distributed widely across the principles in Table 2? It would also be helpful to identify 

which specific domains or interviewees supplied the most promising ideas, or the highest 

proportion of ideas, to help guide any additional data collection. In addition, an 

opportunity map following from this study would ideally also include evaluation criteria 

such as cost, feasibility, expected pervasiveness or penetration into the population, level 

of technology, and cultural acceptability required for implementation. 

Once an opportunity map has been formulated, one option for refining 

innovations may be through design thinking, which includes brainstorming and 

prototyping using our criteria as guidelines. Design thinking is not well-suited for the 

development of opportunity maps, as it typically deals with more circumscribed 

problems, and is constrained by clients’ requirements and evaluation metrics (rarely 

including energy savings), time, funds, and theoretical and methodological frameworks.
63

 

However, our results would allow designers to focus on specific problems, or aspects of 

                                                                                                                                                                                     
Regional Technical Forum (RTF). TRMs attempt to quantify energy savings by quantifying ex ante savings 

from appliance purchase and rebate data. Such quantification redeemable by utilities has otherwise been 

difficult to achieve, although could be accomplished now through smart meter data for a variety of energy 

saving actions. Related issues include failure to account for the long time spans between turnover: 

replacements are either subsidized in a one-time program (e.g. U.S DOE, 2012) or relied on when users are 

remodeling or their old appliance breaks down, neither of which are frequent events. Another tendency is 

lack of attention to the embodied energy of new energy efficient appliances when calculating energy 
savings and energy expenditure of replacement programs (Gonzalez et al., 2012). Of course, this oversight 

does not mitigate the need for new technology adoption; it simply suggests there is room for options with 

less embodied energy. 
63 Designers also face disciplinary biases such as a focus on experiential and human-centered aspects of 

problems, using advanced technology lenses, and believing that small tweaks can solve larger problems.  
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problems, that we have highlighted. Designers can use our findings as a starting point to 

develop a wide range of ideas using a structured brainstorming process used in design 

thinking, called ideation. Ideation is guided by How Might We statements (HMWs)
64

, or 

open-ended questions that stimulate creative solution ideas. For example, asking “How 

Might We insulate existing walls from the inside?” is likely to yield wide stream of ideas, 

from which designers can choose the most promising ones based on the criteria outlined 

above and build physical and/or experiential representations or simulations respectively 

(called prototypes). These prototypes can then be tested via in-home ethnographies to 

identify and overcome individual barriers. For example, wallpaper-like insulation can be 

tested with homeowners and renters to learn about esthetic considerations ease of 

installation, and other barriers and facilitators. Another example would be to better 

understand the socio-cultural barriers to using Kotatsu in the U.S. and addressing them, 

such as the potential undesirability of sitting on the floor or sharing a blanket.    

 

Barriers 

By identifying barriers, we can potentially consider how to address them and also 

how to use that knowledge to better design future efforts. Our interviews indicated a 

variety of barriers to proposed energy-efficiency options. We discuss these in a 

conceptual framework drawn from previous work (see Kotler & Zaltman, 1971; Becker, 

1974; Rosenstock, 1974; Bandura, 1986; Mckenzie-Mohr & Smith, 1999; Swim et al., 

2009; Gifford et al., 2011; Gifford, 2011). Our taxonomy of individual and institutional 

barriers is as follows: individual barriers consist of internal (skill, information, affect) as 

well as external or infrastructure (technology, safety, policy) impediments; institutional 

barriers include systemic challenges such as federal level standards and policies, as well 

as social norms. Barriers can be actual (real) or perceived; for example, perceptual 

barriers may manifest in an individual’s belief that a cooking device is difficult to 

insulate when it can be quite simple, for instance using a box and towels. 

Interviewees mentioned several internal and external barriers for consideration in 

the redesign of options. Internal barriers included perceived or actual cost, time, comfort, 

                                                             
64 We apply a particular instantiation of design thinking as it is taught at the Hasso Plattner Institute of 

Design at Stanford University.  
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convenience, and skill. They gave examples such as high water heater prices and low 

electricity prices; individuals do not have control over either, but the latter, for example, 

interferes with perceived benefits of using less electricity, including inhibiting the desire 

to creatively cut energy use, according to one interviewee. External barriers mentioned by 

interviewees included complex technology and in particular, automation, as a barrier to 

tinkering and to quick diagnosis and repair in the event of breakdowns of devices such as 

water heaters, auto-defrost refrigerators, automated shutters, and occupancy-based light 

sensors. Other interviewees mentioned being delayed by building codes while building 

their energy efficient home. Lastly, there was a range of safety barriers, mostly linked to 

tinkering with appliances such as water heaters, mirror or glass-based day lighting 

systems, and the risk of electric shock if kitchen appliances are placed on power strips. 

Such barriers can be understood more deeply using some of the techniques previously 

surveyed (see Methods) such as in-home ethnographies, scenarios, simulations, and 

activity-based approaches (e.g. Turrentine & Kurani, 1995; Kurani et al., 1996).  

Institutional barriers (see Appendix 1.5.C for illustrative quotes) indicate how 

entrenched behavior can become within standards, codes and regulations, as well as 

social norms. Interviewees described how innovative and useful products—such as a 

water heater flue damper
65

—did not make it to market because of conservative 

manufacturing practices, or existing products like the soap button (e.g. ShowerStart, 

2007), which easily saves water while showering, were not promoted because of possible 

water bureau biases. Additionally, one interviewee recommended Energy Star regulations 

be better aligned with passive solar principles, so homes can achieve maximum energy 

savings through, for example, optimal solar heat gain coefficients on windows. Similarly, 

another interviewee suggested better aligning LEED certification with performance 

measures to see whether buildings actually operate efficiently over time.  

Interviewees also highlighted powerful social norms, for example, adults refrain 

from wearing worn clothes to avoid appearing poor; and women associate modern clothes 

dryers with liberation from housework and easier entry into the workforce (Cardia, 2008), 

which may prevent them from returning to hang drying. Overcoming institutional barriers 

                                                             
65 This is different from the idea discussed in the Results section and includes no safety hazards.  
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would likely require cooperation from corporate and government entities to facilitate 

amendment of existing codes, or creation of new ones to ensure that energy saving is 

mainstreamed as a criterion for advancing products. For example, it may be helpful to 

interview representatives from institutions related to end uses, such as interviewing water 

heater manufacturers and water bureaus to better understand systemic barriers and 

incentives surrounding hot water use. 

Furthermore, once products have overcome design and  institutional barriers, 

there will likely still be barriers to diffusion stemming from cultural values, in the form of 

biases (habitus and status quo bias) and misperceptions discussed in the Introduction. 

Fortunately, there are a number of approaches to overcoming these. As mentioned in the 

Introduction, awareness of the bias (e.g. Greenberg, 1983; Diener & Walbom, 1976), and 

visualizing new ideas as common practices (Eidelman et al., 2009) can be useful. 

Application of behavioral economic principles can help as well; for example, because of 

the strong tendency of people to prefer default options, the novel option can be made the 

default so that individuals have to opt out to select the status quo option (Kahneman, 

Knetsch, & Thaler, 1991). Examples include organ donation where rates are 25-30% 

higher in countries where the default option is to donate, controlling for other factors 

(Abadie & Gay, 2006), and employee retirement savings programs where participation in 

401(k) plans increase from 37% to 86% under automatic enrollment (Madrian & Shea, 

2000). Policy changes offer an approach that is top-down; for example, as mentioned 

earlier, to reduce summer air conditioning loads, the Japanese government initiated a 

campaign to allow informal, short-sleeved office attire, effectively reversing a social 

norm in a very formal cultural environment to allow higher thermostat temperatures 

(Ministry of the Environment, Government of Japan, 2008).  Cultural values related to 

novelty also impact adoption of new ideas and the ability to adapt quickly - for example, 

Western societies tend to seek out novelty through ethnic cuisines (e.g., sushi); fashion 

trends (which change every year); and ever shifting communication modes (in-person, 

phone, email, texting, Facebook, and other technologies). In addition to psychological 

techniques, policies, and cultural values described here, the success of new or different 

practices is contingent upon a variety of other factors, including who the early adopters 
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are, the diffusion and network structure, and characteristics of the innovation (relative 

advantage, compatibility, simplicity, trialability, and observability) (Rogers, 1983). In 

sum, further investigation of the types of barriers discussed here can help overcome these 

barriers and identify suitable implementation options. Moreover, enhancing diffusion 

characteristics can facilitate the scaled adoption of energy reducing actions, products, and 

quick home adjustments. 

 

Strengths, Weaknesses, and Future Directions  

Our findings are interesting largely because of our user-centered approach, which 

allowed us to expand our set of ideas beyond the techno-centric solutions of mainstream 

culture. Furthermore, some of our extreme users are not formally published, and their 

experiences, while available through blogs and discussion groups, are not frequently 

gathered for solution-oriented, peer-reviewed academic research with a view to scaled 

implementation. Similarly, seniors and other demographic groups are sometimes targeted 

through energy conservation interventions (e.g. Coltrane et al., 1986), but they are not 

often sought as the source of energy-saving ideas. Regarding limitations of our approach, 

our small sample size can be addressed by conducting additional studies such as the one 

reported here that produce qualitative data with insight into a more complete range of 

available practices for deep energy savings and to validate our principles. Such work 

could include collecting ideas from additional cultures and other historical time periods, 

as well as other extreme users within our current culture, such as the poor. Overall, other 

researchers and designers may benefit from the idea sources identified here, as well as the 

methods developed for interviewee selection, idea repository and organizational 

framework.   

The framework and methods developed here could be extended to lower impact 

residential building end uses, such as lighting and plug loads, on which we did not focus 

in this study (see Appendix 1.4 for the few ideas we gathered from interviewees and other 

sources for these end uses). For example, reflective surfaces can better concentrate and 

spread daylight for indoor use; some Victorian homes achieve this via metal furnishings 

around lights. Additionally, Fresnel lenses were used in lighthouses to extend the 
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duration of time for which light could be emitted, through reflection (Leutz & Suzuki, 

2001), and project that light over greater distances. For example, the first Fresnel lens 

projected light for 20 miles (Watson, 1999); this technology could be adapted for 

household lighting. Another idea is relocating to outdoor venues to use naturally 

available sunlight for lighting needs during the day to avoid the need for artificial 

lighting. For plug loads, wind–up spring technology could be used for small electronics 

such as mobile phones and chargers, and wind-up batteries that can produce, for example, 

90 minutes of radio operation after 1 minute of winding (Hanlon, 2012). Additionally, 

carbon nanotubes are being studied for their potential to reliably and durably store energy 

by emulating tiny springs (Chandler, 2009). Lastly, the strategic development of hobbies 

such as dance, sports, and other exercise could be explored to reduce electronics use and 

improve health by changing sedentary lifestyles (e.g. Robinson, 2010).  

Our approach could also be applied to domains beyond home energy actions or 

products, such as home energy services, food, transportation, and the commercial sector, 

since human behavior in these domains is also governed by social practices. A few 

interviewees mentioned services such as cleaning of gas pilots, blower door tests, and 

home retrofits. One of the highest impact categories is likely food, including dietary 

content, as well as the quantity of food eaten and wasted. The livestock sector accounts 

for about half of all global GHG emissions (Goodland & Anhang, 2012), and animal 

protein requires more than 11 times as much fossil fuel-based energy input as grain 

(Pimentel & Pimentel, 2003). Recent research suggests that reversing the global trend 

toward high-meat diets would maximize agricultural efficiency and significantly lower 

emissions (Powell & Lenton, 2012; Jägerskog & Clausen, 2012). Importantly, sizable 

GHG savings can also be gained by reducing the 14% of food that is wasted in the U.S. at 

the household level (Jones, 2004; Powell & Lenton, 2012). Business air travel is another 

domain where low-hanging fruit could be gathered, for example by using high-quality 

videoconferencing to reduce GHGs significantly (e.g. Claussen et al. 2009). Simulating 

face-to-face interaction using virtual technology is a key challenge to promote 

videoconferencing (Lu & Peeta, 2009), and this is an effort well suited to practice theory, 

which studies interactions ethnographically (e.g Hargreaves, 2011). This brief analysis 
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suggests our methodology could be useful in facilitating a deeper understanding and 

redesign of a variety of energy-intensive social practices.  

 

Conclusion 

Our findings highlight that black gold is indeed underfoot, and we could possibly 

achieve more sizable energy savings through a combination of human ingenuity, 

motivation, and relatively basic products and actions without sacrificing household needs. 

These savings would allow us to more effectively cope with crises and abrupt changes in 

energy availability and environmental conditions over the next few decades. One 

interviewee’s story aptly captures the innovative, plausible, and simple nature of our 

findings:  

 

“We built our house in Colorado with a south side solar collector ... glass, copper tubes, fans, two 

8x10 rooms full to 4 feet with rocks, which we hand-tossed through…a couple water tanks, etc. 

In a part of the world that can have -40F temperatures, the collector averaged out the temperature 

changes. It was quite amazing for my dad to dream it up at the time. Was always proud of that. 

Don't know why it didn't catch on more as it saved hundreds of dollars a month (in 30-year ago 

dollars)…It was a very simple idea, really…a volume of matter took up solar heat during the day, 

and released it into the house at night ... or in summer, absorbed heat from the house during the 

day.” 

 

The identification of options collected here begins to lay a foundation for creating an 

opportunity map, and generating and prototyping promising options. By identifying these 

options, iteratively addressing related barriers, and using design thinking techniques to 

find suitable implementation options, we hope to ultimately facilitate scaled adoption of 

energy-reducing actions, products, and simple home adjustments to achieve significant 

energy savings. 
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Appendix 1.1: Interviewees List.   

# Name Position Brief Biography Key Works Website 

1 Cowan, Ruth 
(expert) 

Janice and Julian 
Bers Professor of  

History and 

Sociology of Science, 

University of 

Pennsylvania. 

Professor Emerita of 

History, 

State University of 

New York. 

Cowan is a prominent historian of modern 
science and technology. Her research focuses on 

how gender intersects with the history of 

science, technology, and medicine. 

More Work for Mother: the 
Ironies of Household Technology 

from the Open Hearth to the 

Microwave  (1985); A Social 

History of American Technology 

(1997) 

http://hss.sas.upenn.edu/
people/cowan  

2 Deumling, 

Reuben 

(extreme 
user) 

Home remodeler and 

energy consultant, 

Portland, OR. 

Deumling is an expert in the history of home 

appliances and energy policy. His work explores 

regulation, consumption, and technology with 
respect to environmental goals.  He has 

experience working for the California Public 

Utilities Commission and the Wuppertal 

Institute for Climate. 

Public Policies, Private Choices: 

Consumer Desire and the Practice 

of Energy Efficiency (2008); Is 
Energy Efficiency Enough? An 

Exploration of California's Per 

Capita Electricity Consumption 

Trends (2008) 

http://eetd-

seminars.lbl.gov/speaker/

reuben-deumling 

3 

&
4  

Garrett, Paul 

and Jean 
(seniors)  

NA Now in their 90s, the Garretts built a house with 

a solarium, wind towers, and many other 
features for passive heating and cooling, and did 

so at a time when it was against the norm 

(1980s).  

NA NA 

http://hss.sas.upenn.edu/people/cowan
http://hss.sas.upenn.edu/people/cowan
http://eetd-seminars.lbl.gov/speaker/reuben-deumling
http://eetd-seminars.lbl.gov/speaker/reuben-deumling
http://eetd-seminars.lbl.gov/speaker/reuben-deumling
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5 Golden, 

Margaret  

(extreme 

user) 

NA Margaret is a renter who has made significant 

innovative and reversible modifications to her 

apartment to control air flow and heat gain.  

NA NA 

6 Horne, 
Christine 

(expert and 

extreme user) 

Associate Professor, 
Department of 

Sociology, 

Washington State 

University,  

Pullman WA.  

Horne studies social norms. Her focus is on how 
they emerge, why they are effective, and how 

they relate to law.  

The Rewards of Punishment. 
(2009); Experiments in 

Criminology and Law (2008); 

Collective Benefits, Exchange 

Interests, and Norm Enforcement 

(2004);  

The Enforcement of Norms: 

Group Cohesion and Metanorms 

(2001).  

http://libarts.wsu.edu/soc
/people/chorne/  

7 Jones, Chris. 

F. 

(expert) 

Fossil fuel expert and 

energy historian, 

Ciriacy-Wantrup 

Fellow, University of 

California, Berkeley.  

Jones studies fossil fuel transmission and energy 

infrastructure. His work combines history of 

technology, environmental history, and business 

history to offer fresh perspectives on how 

Americans began to use fossil fuels and the 

social implications of those practices.  

Energy Landscapes: Coal Canals, 

Oil Pipelines, Electricity 

Transmission Wires in the Mid-

Atlantic, 1820-1930 (2009);  A 

Landscape of Energy Abundance: 

Anthracite Coal Canals and 
the Roots of American Fossil Fuel 

Dependence 1820–1860 

Environmental History (July 

2010) 

http://www.christopherfj

ones.com/  

 

http://libarts.wsu.edu/soc/people/chorne/
http://libarts.wsu.edu/soc/people/chorne/
http://www.christopherfjones.com/
http://www.christopherfjones.com/
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8 Kinney, Larry 

(expert) 

Cofounder, President 

and Chief 

Technology Officer, 

Synergistic Building 

Technologies, 

Boulder, CO. 
 

Kinney has degrees in Physics and Philosophy 

and holds a PhD in Philosophy from Syracuse 

University. He has broad experience in lighting 

and daylighting technologies, fenestration 

systems, and energy-efficient greenhouses.  

New Designs in Active 

Daylighting (2006); Windows and 

Insulating Shutters (2007); 

Making a 20-Year-Old-House 

Work (2004). 

www.SynergisticBT.com 

9 Meier, Alan 

(expert) 

Senior Scientist, 

Energy Analysis 

Department, 

Lawrence Berkeley 

National Lab, 

Berkeley, CA. 

Meier studies how people and equipment use 

energy, and how to reduce energy use. He 

explores aspects that are not measured or have 

been, including standby power.  

Saving Electricity in a Hurry 

(2005); Power measurements and 

national energy consumption of 

TV and VCR in the USA (1999); 

Miscellaneous Electrical Energy 

Use in Homes (1992) 

http://eetd.lbl.gov/staff/al

an-meier  

http://www.synergisticbt.com/
http://eetd.lbl.gov/staff/alan-meier
http://eetd.lbl.gov/staff/alan-meier
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10 Morkos, Rene 

(harsh 

climate 

experience) 

NA Experiences of interest: Lived in Dubai for 10 

years. Spent a winter in Afghanistan.  

NA NA 

11 Morton， 

Lucas  

(expert) 

Sustainability 

manager, Fergus 

Garber Group (FGG), 

San Francisco, CA. 

Morton holds a Master’s in Civil and 

Environmental Engineering from Stanford 

University, and has worked for the U.S. Green 

Building Council in Washington DC supporting 

the development of a carbon-based standard that 

will be incorporated into the LEED criteria; the 

Rocky Mountain Institute in Boulder, CO 

supporting the evaluation of the efficacy of 

Automated Demand Response Systems ("smart" 
thermostats); and Southface Energy Institute, in 

Atlanta, GA inspecting over 500 new single-

family houses as a HERS Rater for ENERGY 

STAR and EarthCraft House certifications. 

Research studies: 

http://fgy-

arch.com/profile/profile.php?rese

arch 

 

http://www.fgg-

arch.com/profile/profile.

php?lm 

 

http://fgy-arch.com/profile/profile.php?research
http://fgy-arch.com/profile/profile.php?research
http://fgy-arch.com/profile/profile.php?research
http://www.fgg-arch.com/profile/profile.php?lm
http://www.fgg-arch.com/profile/profile.php?lm
http://www.fgg-arch.com/profile/profile.php?lm
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12 Moss, David 

(expert) 

Co-founder and 

Director of 

Engineering, People 

Power Company, 

Palo Alto, CA. 

Moss is an expert in wireless sensor nets and has 

worked on the development of miniature low-

power wireless sensors in some of the most 

difficult environments ever faced by sensor net 

developers. His company, People Power is 

building solutions that enable residential 
consumer energy efficiency and conservation.  

People Power empowers customers to control 

energy consumption at the appliance level and 

compare their usage with others while reducing 

their carbon footprint. 

Collection Tree Protocol (2009) http://peoplepowerco.co

m/about/  

13 Nwabugwu, 

Chinyere   

(harsh 

climate 

experience) 

NA Experience of interest: Lived in Nigeria for 18 

years.  

NA NA 

14 Schlussler, 

Larry 

(expert) 

Founder of Sun Frost. 

Inventor of efficient 

home appliances. 

Arcata, CA. 

Schlussler is the owner of Sun Frost, a company 

known for its efficient shower design, scrap 

eater outdoor composter, Human Humus 

Machine & Sun Frost refrigerator. 

Truly Zero-Energy Home: Grid-

tied PV, Solar Hybrid Cooking, 

Plus Other Unique Energy 

Conserving Features (2007). 

http://www.sunfrost.com

/extreme_efficiency.html 

15 Selma 

(senior)  

 

NA 

 

At age 87, Selma is a resident of New York and 

has lived through several home energy 

revolutions. She has knowledge of household 

behaviors prior to the introduction of home 

appliances. 

NA NA 

http://peoplepowerco.com/about/
http://peoplepowerco.com/about/
http://www.sunfrost.com/extreme_efficiency.html
http://www.sunfrost.com/extreme_efficiency.html
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16 Shove, 

Elizabeth 

(expert) 

Professor of 

Sociology University 

of Lancaster, UK. 

Shove’s research interest centers on the 

relationship between consumption, everyday 

practice and ordinary technology. She has 

published extensively on the effect of consumer 

behaviors on climate change. 

Changing Human Behavior and 

Lifestyle: a Challenge for 

Sustainable Consumption (2005); 

Comfort, Cleanliness and 

Convenience: the Social 

Organization of Normality 
(2003); Debating the future of 

comfort: environmental 

sustainability, energy 

consumption and the indoor 

environment (2005). 

http://www.lancs.ac.uk/st

aff/shove/index.htm 

17 Stec, Laura 

(expert) 

Chef, Educator, 

Green Cuisine 

consultant for 
corporate food 

service, Chef 

Instructor for 

employee wellness 

fairs, Professional 

Speaker, Author, 

Portola Valley, CA. 

Laura has over 25 years of experience in the 

food industry. She promotes food as having a 

powerful effect on personal and planetary 
health. Stec champions the idea of “responsible 

cuisine” and lectures on a variety of topics.  

Cool Cuisine - Taking the Bite 

out of Global Warming (2008). 

http://www.laurastec.co

m/aboutlaura.html 

18 Trujillo, Ted 

(son of 

extreme user) 

NA His father built a house in Colorado with a 

make-shift solar collector that made HVAC 

unnecessary.  

NA NA 

http://www.lancs.ac.uk/staff/shove/index.htm
http://www.lancs.ac.uk/staff/shove/index.htm
http://www.laurastec.com/aboutlaura.html
http://www.laurastec.com/aboutlaura.html
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19 Weingarten, 

Larry 

(expert) 

Water Heater Expert, 

Elemental 

Enterprises, 

Monterey, CA. 

Weingarten pioneered the concept of water 

heater service and invented related tools and 

techniques. He approaches water heating from a 

field technician's point of view and from a 

historical viewpoint. He aims to build safe, 

efficient, and cost-effective systems.  

Great way to stay warm (2007); 

The Water Heater Workbook: A 

Hands-On Guide to Water 

Heaters (1992). 

http://www.waterheaterre

scue.com/pages/WHRpa

ges/English/Longevity/w

ater-heating-by-larry-

weingarten.html 

 
 

 

  

http://www.waterheaterrescue.com/pages/WHRpages/English/Longevity/water-heating-by-larry-weingarten.html
http://www.waterheaterrescue.com/pages/WHRpages/English/Longevity/water-heating-by-larry-weingarten.html
http://www.waterheaterrescue.com/pages/WHRpages/English/Longevity/water-heating-by-larry-weingarten.html
http://www.waterheaterrescue.com/pages/WHRpages/English/Longevity/water-heating-by-larry-weingarten.html
http://www.waterheaterrescue.com/pages/WHRpages/English/Longevity/water-heating-by-larry-weingarten.html
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Appendix 1.2: Interview script with customized (Part I) and standardized (Part II) 

questions
66

 

 

Part I: CUSTOMIZED QUESTIONS 

 

Hi, I'm <interviewer 1 name> and this is <interviewer 2 name> and (if applicable) this is 

<interviewer 3 name>.  Thanks so much for letting us interview you! 

 

A: Experts and DIYs: 

To give you some background on our project, we are conducting an ethnographic study 

that aims to develop innovative ways of saving energy (e.g., actions and products) that 

are more feasible or have higher greenhouse gas reduction impact than what is commonly 

suggested to people (we’re focused primarily, although not exclusively, on residential). In 

Phase 1 we are interviewing energy experts, household historians, do-it-yourselfers, 

carbon chefs, and other interesting folks (like you) to find ideas. In Phase 2 we are 

running some of these ideas by more ordinary people to determine what barriers and co-

benefits should be considered to make the ideas more workable. 

 

Your expertise/experience is particularly interesting to us because we hope to obtain 

ideas from you on household energy savings, particularly from [water heater use]. For 

example, we read an article [in the New York Times about how you use a unique mix of 

water and vodka instead of conventional antifreeze for the water heater in your home, and 

how you use a match to light your propane stove to avoid keeping a pilot light burning.]  

 

To begin, we’d like to ask you more about your expertise/experience in [water heaters]. 

Are there actions people can practice in their homes, specifically with their [hot water 

use, water heater settings/controls, etc.] that will save significant amounts of energy? 

Which actions would you recommend people try that are easy to do? 

Do you have any questions about our project? 

                                                             
66 Note: [ ] indicates places where substitutions were made based on the particular expertise or background 

of each interviewee, including examples of some of the substitutions used.  
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As you know, the goal of this interview is to gather a list of ideas you may have come up 

with yourself or heard from others, and also for us to collaboratively generate additional 

ideas.  

How easily do you think the average person can replicate [some of the modifications 

you’ve made to your house/research you’ve done on water heating]? What about [airflow 

to and from the shower?] What adaptations or modifications to your fixes would make it 

easier for others to accomplish?  

 

What actions are harder to do?  

[Electric timers are cheaper than gas timers…What can you say about this?] 

[How much water heat/energy is saved from not using water heater 20 hours a day?] 

 

B. Historian  

To give you some background on our project, we are interested in your perspective 

because you have researched household activities in times when there was less 

technology and therefore less energy was used for housework. [In your book, you 

focused on household practices that were burdens to people and how technology changed 

that although it did not lessen the hours spent by women]. We are actually interested in 

practices that might have been energy efficient in the past, like closing off rooms to 

maintain heat, that would have not been a burden, and would have saved energy or 

money or time, or been a pleasant use of time, for example hang drying clothes, or have 

been useful in some way.   

 

Let’s go through the list you prepared and talk about each of the ideas you wrote down.  

(For each behavior on the list, ask the appropriate questions from the following list): 

 How did this work? 

 How would this work now?  

 How would you recommend this behavior be implemented?  What problems may 

arise? How have barriers to implementing this behavior been overcome in the 

past? 
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 How might you adjust the behavior to make it more effective?  

 Can you think of any co-benefits of adopting this behavior?  

 Are there disadvantages of discontinuing the old behavior? 

 What else can you think of that is important about this behavior?  

 If you could recommend 3 time-saving tips to current homeowners for heating 

and cooling, gleaned from your research, what would they be? What if you had to 

recommend energy saving tips? (Cost savings tips?) In your experience, what 

element of old homes is the most energy efficient? 

 

Sometimes people were very creative with warming and cooling before there was 

electricity – using heavy drapes and wall hangings to insulate, etc. Out of those creative 

energy saving solutions, are there any that you think can be implemented in modern 

homes? Why did you pick these?  

 

Moving on to a different type of behavior, if you could recommend 3 time saving tips to 

current homeowners for refrigeration, based on your historical research, what would they 

be? What if you had to recommend energy saving tips? (Cost savings tips?)  

 

If you could recommend 3 time saving tips to current homeowners for cooking, based on 

your historical research, what would they be? What if you had to recommend energy 

saving tips? (Cost savings tips?) In your experience, what element of old homes is the 

most energy efficient? 

 

 

C. Senior 

As we described to you, we’re interested in coming up with new ideas to reduce energy 

use. In part we are looking to past practices to help us think outside the box – although 

these past practices may no longer be feasible in some cases, they may suggest ideas that 

we could adapt for future low-energy practices. 

 



79 

 

Heating/AC 

a. What do you do to stay warm in your home?  

b. Has anything changed in the way you stay warm now compared to when you were 

in your teens or twenties? How did your parents keep you warm when you were 

little?  

i. Prompt if needed: Were there any indoor or outdoor window 

coverings that helped? Wall hangings or floor coverings? Anything 

on the roof or elsewhere outside? Any special practices, like 

clothes or bed coverings, ways of cooking, type of food, or other 

things that helped? 

c. How did you stay cool when it was hot before there was AC? 

i. Prompt if needed: Were there any indoor or outdoor window 

coverings that helped? Wall hangings or floor coverings? Anything 

on the roof or elsewhere outside? Any special practices, like 

clothes or bed coverings, ways of cooking, type of food, or other 

things that helped? 

 

Refrigeration 

What things do you keep in your fridge now that you used to leave out? 

a. In your opinion, how has the use of electronic appliances changed your cooking 

experience? 

b. Do you feel electronic appliances have helped you save time over the years?  

c. Do you like the past (without appliances) or current way (with appliances) of 

doing things better? Can you give examples? 

 

Cooking 

a. When you look back and think about your parents and how they cooked, what 

kind of activities come to mind?  
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b. How do you feed your grandchildren or grand nieces and nephews? What really 

stands out as big changes from the way you fed your children and the way you 

feed your grandchildren?  

c. How a “quick” meal was prepared when you were a child? 

 

 

D. Person from harsh climate and different culture 

To give you some background on our project, we are conducting an ethnographic study 

that aims to develop innovative ways of saving energy (e.g., actions and products) that 

are more feasible or have higher greenhouse gas reduction impact than what is commonly 

suggested to people (we’re focused primarily, although not exclusively, on residential). In 

Phase 1 we are interviewing energy experts, household historians, do-it-yourselfers, 

carbon chefs, and other interesting folks (like you) to find ideas. In Phase 2 we are 

running some of these ideas by more ordinary people to determine what barriers and co-

benefits should be considered to make the ideas more workable. 

 

Your experience is particularly interesting to us because we hope to talk to you about the 

years you lived in <country>.   

 

Imagine it’s very hot… 

Imagine it’s daytime and you are in a typical <country> home 

a. Describe to me what it looks like in the home. / prompts: Are the windows open 

or closed? Are there shades or screens? 

b. What are people wearing? How much of their bodies are covered? Is anything on 

their head? What are the clothes made out of?  

c. What are folks eating and drinking? How was the food prepared? 

d. Please walk me through what the people are doing in the home 

e. Is there any technology in the home to help folks keep cool? 

f. Are there any aspects of the home itself or the materials it’s built of to help keep 

people cool? 
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g. Is there any technology or materials on the outside of the home to help keep them 

cool? / prompts: e.g., roof, anything to provide shade (trees, awnings, etc.), water 

on the house, ice in a tunnel, etc.? 

h. Do people use air conditioning? 

a. How do they decide whether to use it or not? Temperature? Time of day? 

Other factors? 

i. Is there anything different people do to keep their places cool from the U.S.? 

 

Now imagine it’s night time and you are in a typical <country> home, and it’s still very 

hot 

a. Same questions as above 

 

Now imagine it’s daytime and you’re out and about, and it’s still very hot 

a. Where is a typical place to go during the day? 

b. What are you wearing? Other people?  

c. What are folks doing outdoors during the day on a weekday? Weekend? 

d. How do people stay cool while they’re outside? 

e. What outdoor sports are common? How do people stay cool while playing these? 

Did you play any? How did you stay cool? 

f. Is there any technology or materials on the outside of the home to help keep them 

cool? / prompts: e.g., roof, anything to provide shade (trees, awnings, etc.), water 

on the house, ice in a tunnel, etc.? 

g. Is there anything that’s different about Dubai heat than here in the bay area? 

Drier? More humid? Intensity? More direct sunlight?  

 

Now imagine it’s night time and you’re out and about, and it’s still very hot 

a. Same as above. 

 

What were the most effective things for you for staying cool overall? Indoors? Outdoors? 
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Did you tinker with anything or change anything to enhance your comfort on hot days? In 

your dwelling?  With clothes or hats?  

What was the easiest way to stay cool? The most difficult? 

 

Part II: STANDARDIZED QUESTIONS/BRAINSTORM (for experts only) 

 

When we spoke over email, I asked you to generate a list of ideas. Do you have that list 

now? If so, why don't we go through it and you can explain each of the ideas?  

If not, let's try to generate it now - how about I give you around 5 minutes and then we 

can go over it? 

 

(For each idea, ask the appropriate questions from the following list): 

 How does this work? 

 What problems may arise when trying to implement this action? How can these 

difficulties be overcome?  That is, how might you adjust the action to make it 

more effective? 

 Could you quantify energy reductions of this action? If it’s difficult to give a 

specific number, could you rate the energy reductions on a scale of 1-7, where a 1 

is almost no savings (on par with one cell charger), and a 7 is very large savings 

like insulating all of your outer walls?  

 Do you feel like the scale in that question is appropriate – the examples on each 

end – or are there better ones? What action would you put at the midpoint of the 

scale? 

 Can you think of any co-benefits of adopting the action we just talked about? i.e., 

non-energy saving benefits? 

 Are there disadvantages of discontinuing the old action? 

 What else can you think of that is important about getting people to adopt this 

action, or correctly follow through (if appropriate) to fully achieve energy 

savings?   
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 How do you think people can take advantage of free energy? For example, 

sunlight or moonlight for doing tasks that require light, etc? 

 Do you have any other ideas you’d like to share with us?  

 

Thanks so much for interviewing with us.  
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Appendix 1.3: Coding Process  

 

We identified a priori codes based on end use (HVAC,
 
water heating, cooking, 

and refrigeration), but relabeled the end uses as daily practices from a user-centered 

perspective (see Table 2), e.g. HVAC was reframed as staying cool or warm. We then 

allowed other codes to emerge from our data. In the first round, we identified sub-

categories evident in the data, e.g. we recoded insulating the water heater from water 

heating to water heating\insulation. In the second round, we identified cross-cutting or 

emergent principles such as insulation and sealing (for water heating, buildings, 

windows, doors and bodies), and eliminating energy waste (for refrigerators and 

buildings), partly informed by principles such as thermal mass and evaporative cooling. 

In the third round, we identified final principles. Our coding process is summarized 

below.  

 

Round 1 Round 2 Round 3: Final 

cross-cutting 

principles 

identified  

A priori codes 

based on end 

use  

Subcategories 

identified  

Emergent 

principles for each 

end use identified 

Cross-cutting 

principles identified  

HVAC smaller home/relocate; 

close off rooms and 

vents; 

seal and insulate parts 

of home; 

optimal use of existing 

and more efficient 

HVAC units67; 

roofing and 

construction; 
historical architecture; 

secondary heat; 

cold outside air; 

solar heat; 

seal and insulate the 

body; 

metabolic approaches; 

acclimatization and 

adaptation 

 

close off space and 

vents; 

sealing; 

insulation; 

secondary energy; 

alternative energy; 

body-centric 

approaches; 

metabolic 

approaches; 
acclimatization and 

adaptation 

 

eliminating energy 

waste 

 

sealing & insulation 

  

alternative & latent 

energy  

 

acclimatization & 

adaptation  
 

insulation 

thermal mass 

absorption 

conduction & 

convection68 

reflection 

shading  

air flow/leakage 

evaporative cooling 

ventilation  
 

eliminating 

energy waste 

 

sealing & 

insulation 

  

alternative & 

latent energy  

 

acclimatization 
& adaptation  

 

reflection & 

shading 

 

absorption, 

storage & 

thermal mass 

 

air flow and 

evaporative 
cooling 

Water Heating hot water-saving 

shower options 

eliminate hot water 

waste; 

                                                             
67 This category did not have enough data points to be considered a principle. 

 

68 These processes were not prevalent in the data.  



85 

 

seal and insulate water 

heater and piping 

secondary heat; 

solar heat; 

sealing; 

insulation; 

alternative energy 

Lighting reduce number of lights 

or usage; 

daylighting; 

moonlight 

eliminate extra 

lighting; 

alternative energy 

Plug loads turn off devices using 
smart power strip 

reducing plug loads 

Refrigeration  eliminate extra fridges 

and fridge space; 

seal and insulate fridge; 

optimal use of existing 

and more efficient 

refrigerators69; 

historical methods; 

cold outside air; 

food preservation 

without refrigeration 

close off space; 

sealing; 

insulation; 

alternative energy; 

acclimatization and 

adaptation 

Cooking less heat wastage 

through cooking 
methods; 

seal and insulate pots 

and ovens; 

solar cooking; 

eat raw food 

waste less cooking 

heat; 
alternative energy; 

acclimatization and 

adaptation 

Wet cleaning  clean lower quantity of 

clothes and  less 

frequently; 

hang/line dry;  

clean using human 

power; 

wear more 

underclothes  

reduce unnecessary  

cleaning; 

alternative energy; 

acclimatization and 

adaptation 

sealing and 

insulation 

 

 

                                                             
69 This category did not have enough data points to be considered a principle. 
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Appendix 1.4: Other Results 

 

Lighting  

Our most interesting idea for lighting relates to the concept of free light. The idea 

came from our interview with an energy historian, who explained that in the past, people 

took advantage of moonlight to schedule evening events that would enable travel without 

artificial light. Another interviewee mentioned the much more commonly implemented 

practice of using daylighting in homes using skylights and reflective blinds as mentioned 

above in the HVAC section. A third interviewee discussed adjusting artificial lighting 

based on availability of outdoor free light using sensors: 

 

“…sunlight...detecting sunlight and being able to dim your lights appropriately…you get a sensor 

that has the same kind of characteristics as a human eye and you know, point that down or 

towards the windows or something and when there’s a lot of light coming in you can adjust your 

lighting appropriately.”  

 

This idea exists and is popular in the commercial buildings sector; it would be useful to 

adapt it for residential settings.  

Other findings about efficient lighting mostly referenced light emitting diodes 

(LEDs).
70

 Our interviewees mentioned using LED lighting in several ways. One 

interviewee suggested strip lighting for corridors and passageways where the dominant 

need is simply to walk through; in this case the lights could be operated with a light 

sensing occupancy sensor. A commercial application of interest is intelligent lighting that 

can use occupancy sensors to control lighting, and be linked to computers so employees 

can dim lights in the office as necessary.  

Additional ideas related to sharing a central light. One of our interviewees 

explained: 

 

                                                             
70 This is probably because LEDs are also less toxic, more durable, and more heat resistant than CFLs and 

are becoming more cost-effective (U.S. DOE, 2011). 



87 

 

“I’ve been sort of thinking about in the back of my mind is what are some of these older practices 

[relevant] for our contemporary times?  Obviously, for lighting having one central light and 

people gathered around it is an easy corollary of something that you easily could do.”  

 

However, the latter may have cultural barriers in the Western culture since each family 

member tends engage in activities that require lighting in their own rooms, such as 

reading, using a computer, watching television, and so forth. Another interviewee 

mentioned it is possible to reduce lighting load by 75% by replacing all lights with 

compact fluorescents (CFLs). We gathered other behavioral measures to reduce lighting 

loads through brainstorming and secondary research. These include de-lamping, which 

refers to using fewer bulbs in existing lighting fixtures, and of course, turning off lights 

when not in use  

 

Electronics/Plug loads 

  Plug loads was an area of expertise for one interviewee, who recommended 

placing devices onto power strips so they could all be switched off when not in use.  

Through secondary research we discovered that devices powered with wind-up 

springs are reappearing, including radios, lanterns, flashlights, and charging devices 

(Hanlon, 2012; Freeplay, 2012). Wind–up technology is also being combined with solar 

technology and applied to mobile phones and chargers, and wind-up batteries that can 

produce 90 minutes of radio operation after 1 minute of winding (Hanlon, 2012). Lastly, 

carbon nanotubes are being investigated for their ability to store energy by mimicking 

little springs (Chandler, 2009).  

Human muscle power in the form of hand cranks and bicycle-riding can also 

power devices. Ten students at MIT, for example, powered a supercomputer for twenty 

minutes by pedaling bicycles (Mellor, 2007). Radios and torches require seconds or 

minutes of hand-cranking, while watching TV for an hour requires 45 minutes of 

pedaling time (Low-tech Magazine, 2007). It is promising that human power can supply 

the energy needed to power not just small devices, but televisions as well. However, the 

main barriers are inconvenience, the perception that such approaches are anti-progress 
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(Low-tech Magazine, 2007), and lack of control over being able to turn off some devices 

such as the cable box.   

 

Cleaning  

This category includes clothes washers, natural gas clothes dryers, electric clothes 

dryers, and dishwashers but does not include water heating energy (U.S. DOE, 2008). We 

focus first on drying laundry, given it is the largest cleaning end use and accounts for 

5.8% of residential electricity (U.S. DOE, 2001). Regarding waste elimination, four 

interviewees emphasized that a good washer with a strong spin cycle is important to 

shorten drying time. One of these interviewees summarized the situation as follows:  

 

“…my obsession is for clothes drying. Because it turns out that because of various features and 

homes electric clothes drying has become a huge end use and many people aren’t aware of that. 

The only trouble is there’s really very few conservation measures accessible to any kind of 

clothes dryer beyond hanging your clothes. Or getting a more efficient clothes washer. I try to 

explain to people that one way to reduce your clothes dryer energy consumption is to get a more 

efficient clothes washer. People don’t normally think about it that way.”  

 

Another source suggested using an old futon frame for hanging laundry, but pointed out it 

may not be esthetically pleasing.  

Regarding insulation and sealing, it is common to insulate the vent pipe of the 

dryer to keep the air warm so that it does not condense and form droplets, which could 

lead to mold problems.
71

 Insulation can be in the form of caulking, foam insulation, 

and/or a vacuum seal; the latter resembles an upside-down cup sitting on a short pipe that 

prevents back drafts of cold air when the dryer is off (doityourself.com). Fire hazards are 

also a concern if vents are poorly designed, and if lint filters are not cleaned properly and 

                                                             
71 Insulation around the dryer vent is not normally necessary if you install straight, well-supported metal 

ductwork sloping to its exit point at the building wall. But if ductwork must be routed up and down through 
space such as an attic, air conditioned interior, or cool crawl space where otherwise the duct will be 

exposed to cold air the result will be a significant level of condensation within the dryer vent duct system. 

For such areas and routing you should consider using insulated solid metal ducting or insulated flex duct to 

avoid condensation buildup, corrosion or leaks into the structure; see 

http://inspectapedia.com/interiors/Clothes_Dryer_Venting.php 

http://inspectapedia.com/interiors/Clothes_Dryer_Venting.php
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regularly (U.S. Fire Administration, 2007).  Insulation of the dryer itself is possible with 

insulation panels that contain an inner-facing foil layer to reflect heat; the panels can be 

mounted using adhesive to the side walls, top and bottom of the dryer, and the door area 

(Montalvo, 1989). As mentioned in the staying warm or cool (HVAC) section, wearing 

long underwear is an insulative option for keeping the body warm.  

Hang drying can be achieved using free energy in the form of natural sunlight 

and/or wind; four interviewees concurred that hang drying is the best solution for drying 

clothes. Hang drying need not add significant time or hassle to laundry (Cornelius et al. 

under review). However, drying set-up is important for ensuring feasibility for a 

household and depends on climate and configurations of outdoor and indoor spaces, as 

evidenced by the breadth of hang drying aids available (e.g. 

http://www.urbanclotheslines.com/products) and online group discussions we reviewed. 

For example, one DIY had a well thought-out method for indoor hang drying that worked 

best in her home, while satisfying other non-laundry related needs:  

 

“Hang a long rod (wood, metal, whatever; maybe 8 feet long) from the rafter that is closest to the 

window wall, low enough that I can reach to put hangers on it. Also, hang patio blinds -- those 

big, inexpensive bamboo things for outdoor use -- from the next rafter in, to fully shade the rest of 

the room.” 

 

It is interesting to note that in many countries like Italy and China, line drying is the 

norm, and it was in the U.S. until the 1950s (Geoghegan, 2010).   

 

Adaptations to using less energy for laundry include changing the frequency of 

laundering. We learned from interviews with two household historians that the total 

amount of time spent cleaning and volume of laundry washed has increased in recent 

decades despite the intent that washing machines would decrease workload. One of the 

interviewees put it very bluntly: “People wash their clothes vastly more than people did 

in the past, and it’s almost entirely unnecessary,” and suggested that linens and towels 

could be washed less often. The increase in cleaning frequency is attributed to advertising 

through television and women’s magazines that encourage frequent and meticulous 

http://www.urbanclotheslines.com/products
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cleaning, associating such behavior with positive status as a responsible mother. One 

interviewee suggested making more public the side-effects of excessive cleaning 

including rapid deterioration of clothing color and fabric to discourage excessive 

cleaning. Another recommended adoption of a prior practice to reduce the quantity of 

clothes requiring laundering: regularly wearing chemise-like undergarments (for women), 

and the equivalent for men. Under this scenario, people wash undergarments often, but 

minimize washing of outer garments, thereby reducing the bulk of laundry to be washed 

and dried, which in turn saves hot water and energy. Obviously, a co-benefit of wearing 

clothes until they are dirty is less time and effort spent on cleaning.
72

  

Aside from clothes drying, we found evidence of the same principles for 

vacuuming. Waste energy can be reduced by cleaning bags more frequently; free energy 

can be used if a hybrid system were developed that captured the mechanical energy of the 

vacuum moving back and forth (although the amount of energy harnessed would be 

negligible), and regarding adaptation, vacuuming can be performed less frequently on 

carpets or replaced with sweeping for floors. One interviewee mentioned rinsing dishes in 

cold water before placing them in the dishwasher, and then opening the dishwasher to 

allow dishes to air-dry. A few interviewees mentioned vacuuming appliances to improve 

their function, for example vacuuming the dust in the blower portion of a space heater, 

and all registers and vents, as well as replacing the heater filter regularly; and carefully 

vacuuming dust from under, outside and inside the refrigerator. The remaining cleaning 

categories use minimal or no energy: sweeping, mopping, dusting, and hand-cleaning 

sinks and bathrooms. Ironing, and oven and pool cleaning can be energy intensive but are 

generally done infrequently or for small numbers of households, so we do not explore 

these further here. 

 

Advanced Technology 

 Interviewees suggested a couple of advanced technology options, all applying 

reflective technologies using solar panels. One product is being developed by one of our 

interviewees; it is a patented, sun-tracking device that uses solar energy to heat water or 

                                                             
72 Weighing laundry to make sure to wash only full loads is another useful technique (Goodall, 2007).  
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oil, which is used to make electricity, or uses infra red for photovoltaic or hot water, and 

can be used to direct light to the basement, including a mirror-based system to transmit 

light or heat for other rooms, with a variation for mobile homes. The same interviewee 

has developed another system that uses two by two square feet mirrored pieces of glass 

positioned next to a window that reflect light from the solar panels on a roof and can 

reflect up to 8000 lumins of light (one 100W incandescent is 15 lumins). These examples 

suggest promising options for heating, water heating, and lighting.  
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Appendix 1.5: A summary of selected illustrative quotes for A. Selected cross-cutting 

principles; B. Insights for change; and C. Systemic or Institutional barriers.  

 

A. Cross-Cutting Principles: emergent principles that apply to more than one end use. 

Principle  End Use: Quotes 

Waste elimination 

 

Hot water use (water heating): “You turn on the shower and then perform any 

number of other things because you know it’s going to take a while for the hot water 

to get to the tap. That’s waste, and if you come back and the shower is full of steam, 

then you’ve let it run for too long.” 

Insulation & 
sealing 

Food preparation (cooking): “They used to make insulated coffee pots. They made a 
larger one that was actually a pot in an insulated container and you cooked with this 

pot of a stove and you put it in this insulated container and it continued cooking by 

itself. It was so easy to use. You can build things yourself. It’s called retained heat 

cooking. In developing countries they use straw box pots.”   

Alternative & 

latent energy  

Staying warm or cool (HVAC): “One of the really big shifts that did happen to 

homes was over time the energy went from being something you exerted with your 

own muscles to something that you bought in the marketplace.  Purchasing a 

commodity good is very different than applying physical work yourself…In the 

context of wood—heating your home with wood—you would be looking at a huge 

amount of personal exertion for chopping wood, sorting it, stacking it, hauling it and 

then feeding it into the fire.” 

Adaptation & 

acclimatization 

Staying warm or cool (HVAC): “We usually hire these guys from India…but they 

don’t like ACs, which is kind of funny. You’d think, “Okay, we should give them 
ACs,” but they don’t like it, even when you offer them rooms with ACs. They need to 

acclimatize…the way I’ve understood it is that it [air conditioning] ruins their ability 

to basically be out in the heat.”  

B. Insights for Change: advice about how to approach social change 

Insight Quotes 

Extreme “…90% reduction, to pick a number, is possible. I know people who have done it. I 

have done it. It is something that few are encouraged to try…I feel like everybody 

should try everything and take responsibility, be empowered for figuring out what 

works and doesn’t work. And…fundamentally, I think, giving people permission to go 

crazy, to figure out, try anything, and to hold contests, to compete, to, you know, do 

whatever they think they need to do, or to ask them what they have already done, is 

probably gonna bear a lot of fruit.”  

Lifestyle “The meal might be a more appropriate unit to think about rather than food.  What’s 

happening to breakfast? Breakfast is interesting. It’s largely vegetarian. How did 

that come about?  What’s going on that makes the whole meal much more vegetarian 

in the West…” 
 

“I mean it would save a lot of energy and water if everybody in the world washed 

once a week instead of once a day.  I guess your question is what would be the 

circumstances in which that would become normal again. Yes…it’s a combination, 

isn’t it, of infrastructure, conventions, and ideas about the body.  Smell, freshness, 

health, wellbeing.  Already, people are saying it’s not good for the skin to be pouring 

all these chemicals on it and washing them all of once or twice a day.  You could 

imagine a health-related topic.” 

Imagine the Future 

through History 

“…if I were looking for an historical analogy to encourage a transition more to 

renewable energy I might think more about the adoption of electricity than some of 

the other ones. Part of this is electricity certainly captured people’s imaginations in a 

really evocative way.  It was considered a crucial element of modernity for people—I 
mean electricity was modern and I think you actually end up getting a lot of different 
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government programs pushing for it.” 

 

“In outdoor clothing, there are all these companies selling quite technical, quite 

clever fabrics and stuff that can keep you warm in really cold conditions…They’re 

very expensive and they’re very fashionable, but they’re outdoor clothing… The 

question would be what’s stopping the textiles industry from placing itself as part of 

the insulation industry?  

C. Systemic Barriers: Barriers at the institutional and policy level that inhibit energy use 

reduction 

Barrier Quotes 

Industry codes and 

practices 

Hot water use (water heating): “…a flue damper…I wrote an article about it in Home 

and Energy in the late 90’s, it was a good idea that I hoped it would be allowed to be 

produced. [The idea] got blocked. I would love to see the idea come back. They 

changed the rules so that it couldn’t be sold. Water heater manufacturers didn’t want 

anybody making things that could be added to their stuff. There is so much politics. 

But this is the right time to revisit that.” 

 

It’s a little guy that you can screw in above your shower head, just physically above 

it, apply upstream, and has a little button, and you, while showering if you push the 

button, it will interrupt the water flow, but it will keep the hot-cold mixture, while you 

soap up, and then you can push the button back, and you get your water back. It is 
sometimes called a Navy-shower, the resulting activity. It is a super simple device. 

Water bureaus, I have found, often don’t encourage and give these out for free as 

opposed to some other things they do because it does in fact change the behavior a 

little bit and sometimes they are reluctant to go that way, but anyway it costs $3, and 

it’s my favorite device… Oh, well, I have talked to the water bureau because they 

give out faucet aerators. They refused, the ones I have talked to, to include that 

device in their list of goodies that they give out, and I said, well, why do you do this, 

and they didn’t have a very good answer, but I think it speaks to a larger question of 

the institutional reluctance that I have encountered over and over and over among 

energy authorities and water bureaus, where they have been given the impression or 

have acquired an attitude that a device, like a faucet aerator will be grouped as 

something that does not require any behavioral change. That’s the way I think of it.” 
 

“…a lot of these ideas are dependent upon building a new house, which is 

unfortunate because there’s so many houses existing out there, but if stove and oven 

manufacturers built into their system a pipe that flows through the oven or stove and 

then that leaves you the option externally to hook up a water pump or something 

through there. And then pump that water either out or maybe it’s wintertime and you 

want to run it through your floors. The same thing can be done with the hot water 

from your showers.” 

 

Staying warm or cool (HVAC): “The early American air conditioning industry 

needed to make a market for itself.  Nobody wanted it.  Nobody knew what it was.  
What was the point?  People had been living for centuries before, so how to 

demonstrate that it was even useful or necessary. Well, one method was these 

laboratory studies, and they produced this very narrow—it’s bit a more complicated, 

but basically they ended up with this very narrow sort of almost single optimal 

condition [22 °C]. That’s an optimal condition that’s not met by nature.  Nature is 

very variable.  Almost no city could—I mean, those equations made everywhere 

uncomfortable unless you’ve got cooling or heating to keep this precisely defined 

temperature in the frame.  The natural variation, which is what everybody had been 

living in from the years…until, well, early ‘50s, suddenly became a problem. Now, 

recovering the variation is tricky.  There’s the industry, there are the building codes 
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and regulations.  They’re what people expect.  There’s a kind of colonialism, too, so 

that, well, like, in Japan and India being cool is like being Western.”  

Energy Star 

standards and test 

procedures, and 

LEED certification   

Staying warm or cool (HVAC): “A lot of people just aren’t familiar with the idea of 

solar heat gain, putting windows on the south side, and end up putting in the wrong 

windows. We are trying to get Energy Star to change the way, they have a simplistic 

view of the world, if you build your home, and the south windows should have a high 

solar heat gain coefficient. Your east/west windows should be responsible for the 

heating in the summer; those should have low solar heat gain coefficients. The thing 
is that you want a simplistic idea where you use one window for every side of your 

house for every climate. Passive solar is the cheapest form of solar energy, 

comparing it to photovoltaics. Because of Energy Star rules, you cannot use it 

effectively. The ways that you save energy in the home is built around the regulations 

for building your home.” 

 

“Well, one of the problems with LEED is…there are all of these pieces you put 

together, and you get points for each piece. And it’s not really based on field 

measured performance. So a lot of times people get credit for building and things 

won’t work right. So if they changed it to a performance based standards, and 

actually go back and look at your utility bill a year later, I think you would decrease 

energy use quite a bit.” 
 

Food preservation (Refrigeration): “…we’ve been working on Energy Star 

lately…like with refrigerators, they test in 90 degrees with the doors closed, so most 

rooms are 70, and they don’t include the moisture from opening and closing your 

door…so if the…test procedures were more near actual use conditions…right now 

they’re optimizing for the test conditions, they haven’t optimized their designs for 

actual end use conditions and that could take quite a bit of energy.” 

Social and cultural 

norms  

Cleaning: “…there are large communities in which hang-drying clothes outside is 

illegal…and this goes back to the fact that that used to be an activity poor people did 

and so to have clothes hanging out makes your community look poor so lots of 

communities have banned it.” 

 
“…the major reason why people wash their clothes as often as they do in the United 

States is that our clothing is a status symbol. We do not want to appear in public 

looking as if we’re homeless…We have to try to address the cultural norm that says 

that, if you’re not absolutely clean, and then you’re very poor.”  

 

Diet: “Cutting energy use to 90% has social barriers, especially going against social 

norms: I understand that we are all making hard choices, choices that we believe to 

be the right ones to make…When I was vegetarian my mother once said that I put my 

concern for animals above my care for humans, because I would be ‘rude’ and not 

eat what was given to me….Being at 50% was simply quirky; 90% is a different 

league altogether."  
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Chapter 2: Increasing Energy- and Greenhouse Gas-Saving Behaviors among 

Adolescents: A School-Based Cluster-Randomized Controlled Trial.
73

 

Summary 

Individual behavior change can serve as a key strategy for reducing energy use to 

mitigate greenhouse gas (GHG) emissions and improve energy security. A theory-based, 

school-based intervention to promote energy- and GHG-saving behaviors was developed 

by applying strategies and approaches from prior successful in health behavior change. 

The focus was on changing behaviors rather than increasing knowledge, awareness, and 

attitudes, making extensive use of experimentally validated behavioral theory and 

principles. The intervention was evaluated in a cluster-randomized controlled trial. Public 

high school students (N=165) in a required course were randomized by teacher to receive 

a five week, five-lesson behavior change curriculum promoting changes to reduce home 

electricity-, transportation-, and food-related energy use and GHG emissions or their 

usual coursework. Students reported their energy- and GHG-saving behaviors at baseline 

and six weeks later (one-week after the completion of the curriculum for the treatment 

group students). Effects were tested with hierarchical linear models to account for 

potential clustering within classrooms.  Students randomized to receive the curriculum 

statistically significantly increased their total energy- and GHG-saving behaviors 

compared to controls (adjusted difference = 0.43 on a scale from 0-6 behavioral 

categories, 95% Confidence Interval = 0.07 to 0.80, p =.02; number needed to treat 

[NNT] = 4.1). The largest effects occurred in hang drying clothing (adjusted difference = 

.098, 95% Confidence Interval [CI] .028 to .165, NNT = 4.1) and shutting off appliances 

and other energy-using devices when not in use (adjusted difference = .095; 95% CI .055 

to .135; NNT 3.5).  These results indicate that a theory-driven, school-based classroom 

intervention can increase energy- and GHG-saving behaviors among adolescents. 

 

                                                             
73 Co-authors: Armel, K. C., Hoffman, K., Allen, L., Bryson, S. W., Desai, M. and T. N. Robinson. Under 

review at Energy Efficiency. 
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Introduction 

Demand-side energy reductions can significantly contribute to addressing climate 

change and energy security problems. In the United States, a sizable portion of energy 

use comes from the residential sector – estimated to be about 22% from residential 

buildings and 16% from passenger cars and light trucks (Energy Information 

Administration 2008). In addition, the U.S. Department of Agriculture (USDA) estimates 

that food-related energy use accounted for about 16% of the U.S. energy budget in 2007 

(Canning et al., 2010). Greenhouse gas (GHG) emissions follow a similar pattern 

(Vandenbergh et al., 2008). Estimates indicate that reductions in home, transportation, 

and food-related energy use are achievable at little or even negative cost, making such 

reductions particularly attractive, at least in the short-term. Importantly, many experts 

agree that a major reason why reductions have not yet been achieved in these sectors 

involves obstacles that the social sciences are particularly well-suited to address (Parry et 

al., 2007; Richter et al., 2008; UNEP, 2010; Granade et al., 2009). More specifically, it is 

estimated that energy and greenhouse gas-related behavior change
74

 can reduce 

residential energy consumption by about 30 percent (Parker et al., 2006; Gardner & Stern 

2008; Laitner, Ehrhardt-Martinez, & McKinney 2009; Granade et al., 2009). This is about 

15% of total U.S. energy consumption – more than the total yearly energy consumption 

in Brazil or the UK, or the quantity of fossil fuels that would be saved and GHG 

emissions reduced in the U.S. by a 25-fold increase in wind plus solar power, or a 

doubling of nuclear power (EIA, 2008; Sweeney, 2007). This information suggests that 

interventions promoting energy and greenhouse gas saving actions by individuals in the 

residential sector can potentially contribute significantly to addressing the problems of 

climate change and energy security.  

In the past, academic researchers, utilities, government agencies, and non-

governmental organizations have attempted to facilitate energy- and GHG-saving 

                                                             
74

 By energy- and greenhouse gas-saving actions or behavior change we mean the following: changing 
habits or repeated behaviors such as hang drying clothes rather than using a clothes dryer and bicycling 

rather than driving; purchasing and installing technology such as an more energy efficient refrigerator; 

settings and control behaviors such as lowering thermostat temperature and reducing pool pump use; 

maintenance behaviors such as cleaning furnace filters; eliminating wasteful energy uses such as extra 

refrigerators and DVRs; and using window coverings to better reduce solar radiation in hot weather.   
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behavior change through public education, educational programs, and campaigns. 

However, the majority have not directly measured behavioral outcomes, evaluation has 

been absent or insufficient (e.g. Geller, 1981), or evaluations have measured change 

using variables such as knowledge or attitudes (e.g. Bickman, 1972) that are weak 

proxies for behavior change (Poortinga et al., 2004; Zelezny, 1999). Furthermore, the 

most frequent approaches to facilitating behavior change include, on the one hand, 

increasing awareness about the problem, explaining the science underlying the problem, 

or increasing knowledge about which actions will ameliorate the problem (e.g. Schultz, 

2002) and, on the other hand, the use of traditional marketing channels or techniques (e.g. 

Hunecke et al., 2010). However, these approaches are often insufficient to change 

behavior (Geller et al., 1983; Bandura, 1986; Stern, 2000; Abrahamse et al., 2005; 

Zelezny, 1999; Mckenzie-Mohr, 2002; Corner & Randall, 2011).  

We attempted to address these issues in the present study by developing and 

evaluating a school-based intervention to promote energy- and GHG-saving behaviors 

among adolescents. First, we developed a behavior change intervention based on social 

cognitive theory, a theoretical framework frequently used to explain and successfully 

change health, educational, and social behaviors in experimental field and laboratory 

research and practice (Bandura, 1986, 1991; Maccoby & Farquhar, 1975; Farquhar et al. 

1977).
75

 The theory emphasizes factors that have been shown to have a strong influence 

on behavior, including one’s skills to perform a behavior, and one’s confidence in 

successfully performing a behavior and achieving the anticipated outcome – which is 

referred to as self-efficacy. Self-efficacy is a mental construct that reliably predicts 

subsequent behavior (e.g. Holden, 1991; Bandura, 1991, 1994, 1997; Bandura & Adams 

1977), and its predictive and mediating power has been demonstrated across intervention 

studies involving many different health–related domains, including smoking, alcohol and 

other drug abuse, exercise, nutrition, sedentary behavior, weight control, and 

contraception (Strecher 1986). A particular strength of the intervention is that it targets 

psychological constructs that have been tied more closely to behaviors (e.g., behavioral 

                                                             
75 For a review of studies applying social cognitive theory to successfully change behavior, see Social 

Foundations of Thought and Action, (Bandura, 1986) and Self-Efficacy: The Exercise of Control, (Bandura, 

1997) by Albert Bandura.  
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specific knowledge, self-efficacy, and intrinsic motivation) than more distal factors such 

as attitudes and general knowledge. Second, we evaluated the impact of the intervention 

using a cluster-randomized controlled trial design, providing a rigorous, internally valid 

test for causal inference (Sibbald & Roland, 1998; Coalition for Education Based-Policy, 

2003, Fuller et al., 2010). 

We chose to develop a community-based intervention, rather than resources 

geared towards individuals or a media campaign for example, because community-based 

interventions have perhaps been the most successful to date in fostering environmental 

behavior change (Fuller et al., 2010; McKenzie-Mohr & Smith, 1999). These programs 

offer the following benefits: (1) interpersonal contact, so that messages feel more 

personal and not anonymous, and the norms of proximal others can be observed, (2) 

increased specificity of the intervention – providing information for “people like me,” 

and (3) enhanced learning through direct experience or observation of a close other 

(Bandura 1986, 1991). Community-based interventions are also amenable to additional 

tools that are often difficult to implement in other forms of interventions, including group 

feedback, cooperation and competition, and making public commitments for behavior 

changes.  

To increase the aggregate energy- and GHG-savings from our intervention, we 

used a population-based approach; that is, we targeted an entire population rather than 

focusing only on individual high energy users or GHG emitters. Our strategy is grounded 

in previous research in chronic disease epidemiology and public health, indicating that 

the changes resulting from targeting the population as a whole for a modest shift in 

average behavior can be greater in aggregate than those occurring from focusing 

intensively on extreme individuals – this can be visualized as the change in the area under 

a population distribution curve resulting from shifting it slightly in its entirety, in contrast 

to blunting just one tail of the curve to a greater extent (Rose, 1985).  Furthermore, 

targeting the whole population seems to address the socially-conditioned roots of 

individual behavior and may also improve diffusion, because individuals reinforce one 

another’s behavior change that was originally promoted by the intervention.  
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We chose to target adolescents in schools for both conceptual and practical 

reasons. First, based on our formative research, we believe that many adolescents are 

already more motivated than adults to make energy- and GHG-saving behavior changes, 

possibly because they are more likely to believe they will be significantly impacted 

personally by climate change and energy security problems in their lifetimes. Second, 

adolescence is a life stage when individuals are starting to establish their own identities 

and to control most of their own behaviors, and establishing energy- and GHG-saving 

behaviors at this early age could have a great positive impact when magnified over a 

lifetime. Third, schools are a particularly suitable setting for community-based behavioral 

interventions (Bandura & Adams, 1977), and provide a “captive audience” including 

almost all children. A school, a grade level within a school, and even a single classroom 

each represent their own defined communities; new attitudes, norms and behaviors can 

rapidly diffuse through these school communities. Fourth, teens are likely to be early 

adopters of behaviors to reduce their energy and GHG emissions. This, and the fact that 

they tend to participate in a variety of groups within their communities, makes them an 

appropriate group to start with for triggering broader diffusion of these behaviors 

throughout their current communities (e.g., families, peer groups, community 

organizations) and their future communities (e.g., colleges, workplaces). Fifth, 

experience and experimentation (Robinson & Borzekowski, 2006) suggest it may be 

more effective to target children rather than parents when trying to influence family and 

household behaviors. Evidence from consumer behavior research also supports the role of 

children in influencing family behaviors (Beatty & Talpade, 1994; Belch et al., 1985; 

Foxman et al., 1989). Therefore, we believe that one of the most effective ways to 

influence a large number of households is through the children living in those 

households.  Finally, once demonstrated to be effective, a school-based intervention can 

be rapidly disseminated to many other schools, magnifying its potential effects across the 

population. The relative homogeneity of how schools function across the nation makes 

this possible, compared to other settings (e.g., households, workplaces). As a result, an 

effective school-based intervention to increase energy- and GHG-saving behaviors could 
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be implemented more broadly in the near term in support of regional, national, and 

international energy and GHG reduction goals. 

The objective of this research is to test whether a theory-based, school-based 

intervention can increase energy- and GHG-saving behaviors in adolescents. We describe 

our formative research and discuss in detail the application of theory and empirical 

findings to the development of the curriculum. Using a cluster-randomized controlled 

trial, we test whether our intervention changes energy- and GHG-saving behaviors among 

students in classrooms randomized to receive the curriculum compared to control 

classrooms. We present effects of the intervention on overall energy- and GHG-saving 

behavior, the primary outcome, as well as secondary outcomes for specific behaviors 

relating to the subcategories of home, transportation, and food energy use. We conclude 

with a discussion of the results and implications for future research and policy.  

 

Intervention Development: Application of Theory  

The dominant conceptual model guiding the macro- and micro-development of 

the intervention was Albert Bandura’s social cognitive theory (Bandura, 1986, 1997). 

Key elements and how they were applied are summarized in Table 2.1, and further 

described and illustrated below. 
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Table 2.1: A summary of the behavioral approaches applied in our study from a Social Cognitive Theory framework.     

Behavior Change Principle   Description  

Self-efficacy  

Belief in one's ability to perform a specific behavior and achieve the 

desired outcome. Self-efficacy can be enhanced through the four 

pathways described below. 

 Mastery experience 

 

Successfully performing a behavior first-hand. Particularly enactive learning 

with feedback on performance. This improves one’s ability to overcome 

barriers and fear associated with an action, to attain a resilient sense of self-

efficacy, and to increase the likelihood of similar future actions. 

 Vicarious experience/Modeling  

 

Observing a behavior carried out by another person and the outcomes that 

result. When the observer is similar to the model, the model successful at 

accomplishing the behavior, and the outcomes positive, then the observer’s 

self-efficacy and likelihood of performing a similar action are boosted.  

 Persuasion  

The process of encouraging or discouraging one towards action with verbal 
instruction, text, or images.  

 

Physiological 

factors    

 

Creating a positive perception of one's mood, affective state, or physiological 

arousal can improve performance. Shifting these states can also improve or 

impair attention, retention, and motivation associated with actions.  

Key Learning Processes  

 Attention  

Attending or focusing on an action, message, or person performing the 

targeted action. This improves retention as well. Salient, attractive, 
personalized, and functional materials and activities can gain and maintain 

participants' attention. 

 Retention  

Memory of which actions to change and how to change them. It is also 

important to recall the information at decision points and other appropriate 

times. Symbolic coding of information, visual demonstration, actual or 

imagined rehearsal, stories, and prompts and cues can assist with retention and 
subsequent recall.  
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 Production   

The conversion of concepts or thoughts into actions through actual or 

imagined rehearsal of behaviors, with actual guidance and feedback if 

possible. In practice, production is often implemented as role play scenarios 

and guided practice sessions with feedback. 

  Goals & feedback 

Setting achievable, flexible, proximal, yet challenging goals and receiving 

feedback about individual and group performance facilitates behavior change.  

  Addressing barriers  

The process of problem-solving, and identifying and removing obstacles to 

behavior change.  

  Behavioral Rehearsal  Practice of actions, real, imagined or vicarious, private or public. 

 Motivation  

 

Drive to perform and persist at an action. This is influenced by the 

discrepancy between current behavior and desired behavior, positive and 

negative and internal and external outcomes or expectations that one believes 

will occur as a result of performing the action, as well as the factors below. 

  Values 

Ethical, moral, or ideological beliefs that influence attitudes and self-

expectations. 

  Competence 

Accomplishing a task successfully builds competence and self-efficacy, 

enhancing motivating.  

  Challenge 

A level of challenge that pushes existing skill levels but does not result in 

frequent failures enhances motivation.  

  Curiosity   

Sensory curiosity (color, taste, sound, contrast) as well as cognitive curiosity 

(mystery, desire to understand information or events better) are motivating.  

  Choice & Control  

 

Having perceived choice and control over one's environment, life events and 

actions is motivating, even in relatively inconsequential situations.  

  Context   

Vicarious involvement with characters, events and activities in fictional, 

fantasy and other contexts is motivating, such as embedding actions in a game 

or story.  
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  Community 

Finding social meaning in identifying oneself or one’s actions with desirable 

groups is motivating.  

  Cooperation & Competition  

Cooperation among individuals within groups or teams and competition/ 

comparisons with other individual, groups or teams is motivating.  

  Premack Principle 

A behavior that occurs reliably without intervention can be used as a reward 

for performing a behavior that requires intervention.  
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Social cognitive theory suggests that behavior is performed in the context of 

three, mutually interacting types of influence: behavioral, personal and environmental, 

termed triadic reciprocality (Bandura, 1986). When people perform or observe a behavior 

they gain skills and confidence, which increases the frequency of the behavior and 

improves their performance. Personal factors such as one’s physical and mental traits, as 

well as their beliefs and emotions, influence one’s actual and perceived ability to perform 

a behavior. Environmental factors such as the physical surroundings and social context 

present opportunities and barriers to performing behaviors. Such environmental factors 

have been illustrated to have a substantial impact on energy and environmental behaviors 

(McKenzie-Mohr & Smith, 1999; Mckenzie-Mohr, 2002; Cialdini & Goldstein, 2004). 

Self-efficacy, or one’s confidence in performing a behavior and achieving its desired 

outcomes, can be enhanced using techniques related to all of these factors.   

We created the intervention in a stepwise fashion. First, we identified potential 

target behaviors appropriate for our audience. We did this in a systematic fashion using a 

“working backwards” process previously developed for designing health behavior change 

interventions. We started with the ultimate goal (e.g., reduced energy use and greenhouse 

gas emissions) and worked backwards in a stepwise manner to map all the potential 

mediating pathways, ultimately identifying individual behaviors at the origin of each 

causal chain of events (illustrated in Figure 1). Second, we applied principles of social 

cognitive theory to generate potential intervention strategies for enhancing perceived self-

efficacy for the performance of those behaviors. This included converting the target 

behaviors into a series of challenging but manageable steps, identifying opportunities for 

behavioral and cognitive rehearsal and mastery, goal-setting and feedback, and 

anticipating potential barriers students may encounter and strategies they could adopt to 

overcome them. Third, we reviewed the entire intervention plan to ensure that we were 

maximizing opportunities for attention, retention, production and motivational processes 

in every element of the curriculum. Fourth, we applied the additional principles described 

above to further craft and frame specific messages and activities to enhance intrinsic 

motivation for the targeted behavior changes (also called outcome motivation) as well for 

participation in the intervention itself (also called process motivation) (Robinson, 2010).   
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Figure 2.1: Working Backwards Diagram: The exercise is called “working backwards” because it starts by identifying the specific end 

goal or outcome (in this case, reduced energy use and greenhouse gas emissions) at the very right, then traces logical steps 

“backwards” to identify target behaviors and strategies that are hypothesized to lie in the causal pathways that lead to the outcome. 

The theoretical principles driving the intervention are applied to create the specific intervention strategies to facilitate successful 

performance of the target behaviors. The diagram is created backwards from right to left to result in an intervention that will flow 

from left to right. The figure illustrates just one of the many possible pathways. The final figure appears like a large web with many 

different pathways. The working backwards exercise was developed by the senior author, Dr. Thomas N. Robinson.  

 

*Heating, ventilation, and air conditioning. 
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The intervention was developed and refined over two years through an iterative 

process of formative research. This included informal interviews and focus groups to 

understand how energy- and GHG-saving behaviors fit into the lives of adolescents, and 

potential cognitive, behavioral, and social motivations for behavior change. We designed 

initial intervention components based on these findings and relevant theory, and 

subsequently pilot tested them with representative samples of youth. Using direct 

observation and collection of formal and informal feedback from participants, we revised 

components based on the theoretical and conceptual principles described above. We 

continued to improve and retest the lessons, activities, materials, formatting, and 

sequencing, before piloting the entire curriculum with two groups of high school 

students. Feasibility and acceptability for fitting and implementing the intervention in a 

public high school classroom were key considerations of this process. We then made a 

last set of revisions based on our observations and student and teacher feedback before 

conducting the formal test of the intervention in a cluster-randomized controlled trial.  

The final curriculum
76

 included five classroom lessons, each lasting 

approximately 50 minutes. Based on pilot results, we chose to frame the curriculum as a 

design workshop in which students work in teams to produce a YouTube style media 

message to persuade their peers to use behavioral strategies to reduce their impacts on 

climate change and energy insecurity (Robinson & Borzekowski, 2006; Hekler et al., 

2010). Lesson 1 introduced this frame, and kicked off the “workshop” with scripted 

presentations by students acting as climate change and energy experts advising other 

workshop participants. This established a discussion of climate change and energy 

security impacts of human energy and GHG-related behaviors. Learning to measure and 

change one’s own behavior was presented as the first step in developing effective 

messages for others, so part of Lesson 1 was spent quantifying personal energy use and 

emissions. We introduced 1-Liter balloons as a unit of measurement for carbon dioxide 

                                                             
76 All final curriculum materials can be downloaded here: 

http://peec.stanford.edu/behavior/HighSchoolCurriculum.php 

http://peec.stanford.edu/behavior/HighSchoolCurriculum.php
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(CO2) equivalent emissions,
77

 and students learned how to use worksheets to record their 

daily behavior changes in terms of balloons of CO2 saved.  

Lessons 2-4 provided more in-depth factual information, energy and 

environmental life-cycle exercises, feedback on personal, team, and class behaviors and 

CO2 savings, and activities to set goals and overcome barriers for specific behaviors in 

three categories – home energy use, transportation, and food – with one category each 

week, in that order. Based on our formative research, we identified target behaviors that 

were relevant to and potentially malleable for students: hang drying clothes; turning off 

appliances and other energy-using devices when not in use; biking, walking, taking the 

bus or carpooling instead of driving to and from school; driving more efficiently
78

; eating 

less meat; eating fewer packaged and processed snacks; and using a reusable beverage 

bottle filled with tap water instead of drinks from disposable bottles and cans.
79

 Students 

were asked to select one behavior to change from the category covered in each of 

Lessons 2-4. At the end of each lesson, students worked on the design of their media 

messages.  In Lesson 5, students shared the food they had prepared and were filmed 

performing their media messages.  

  

                                                             
77 1 lb CO2 = 230 1-liter balloons. This is derived from the following: Molecular weight of CO2 = 

12+16+16=44; (454g/1) lb x (1 mole/44g) x (22.5L/1 mole) = 230L CO2/1 lb. 
78 Driving more efficiently was taught as an option for participants who lived far from school and had to 

drive. While the survey included questions to assess self-efficacy with respect to driving more efficiently, 

there were no questions to assess behavior change in driving efficiency because it was not a focus of the 
curriculum for most participants and survey space was limited for the numerous component behavior 

questions this would entail.  
79 We included reduction of bottled and canned beverages because the total energy required for bottled 

water can range from 5.6 to 10.2 MJ/l, compared to tap water production which usually requires about 

0.005 MJ/ l, for treatment and distribution (Gleick & Cooley, 2009). 1 kWh = 3.6 MJ 
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Table 2.2: Organization of lessons and activities in the five-lesson curriculum. Note that in developing activities, we found it useful to 

create a matrix of activities versus theoretical principles (found in Table 2.1) in order to track and maximize the application of many 

techniques to each activity. 

Lesson Activity Description 

1 Introduce Media Message Project 
Provide example of YouTube video and inform participants of their goal to produce a video that 

influences peers 

 Climate Change Expert Reports 
Elucidate local and global impacts of climate change and energy insecurity through student 

presentations and video 

 Balloons Quantify and visualize CO2 impact of specific actions using balloons as a metric 

 Baseline Charting Quantify students' historical production of CO2 in balloon units 

 Goal Setting Choose specific action and set a goal for reducing energy use 

2 Climate Change Expert Reports (see above) 

 Life Cycle Chain Game 
Visualize and act out life cycle from resource (e.g. lump of coal) to end use (e.g. switching on a 

light) 

 Overcoming Barriers - Practicing Hang Drying Race to hang up and take down clothes in teams; fastest team wins 

 
Overcoming Barriers - Identifying Appliances 

that Waste Energy 

Determine how to save energy with a power strip by playing a game in which appliances are 

eliminated from a chart based on time of use 

 Charting Savings Calculate  balloons of CO2 reduced per team, per class and for all 4 classes 

 Goal Setting (see above) 

 Media Message Project Design media message based on knowledge and skills gained in the curriculum so far 

3 Climate Change Expert Reports (see above) 

 Life Cycle Chain Game 
Visualize and act out life cycle from resource (e.g. lump of coal) to end use (e.g. switching on a 
light) 
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Overcoming Barriers – Modeling Transportation 

Behaviors 
Presentation on how a similar high school student overcame barriers 

 
Overcoming Barriers –Mapping Transportation 

Routes 
Visualize and plan routes to school; find non-car means of transportation 

 Charting Progress (see above) 

 Goal Setting (see above) 

 Media Message Project (see above) 

4 Climate Change Expert Reports (see above) 

 Life Cycle Chain Game (see above) 

 
Overcoming Barriers – Creating Meatless Meal 

and Snack Recipes 
Create 3 recipes using worksheets; prepare one meal or snack 

 Charting Savings (see above) 

 Goal Setting (see above) 

 Media Message Project (see above) 

5 Food Sharing and Rating Share one meal or snack with team; rate others’ meals and snacks 

 Charting Savings (see above) 

 Media Message Filming Perform media message with teammates in front of class; film for school body to view 
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As noted above, perceived self-efficacy plays a central and direct role in the 

pathway to producing behavior change in social cognitive theory. There are four paths to 

building self-efficacy: performance and mastery, vicarious experiences or modeling, 

persuasion, and affective and physiological responses.  Successful performance and 

mastery have the strongest influence on increasing perceived self-efficacy because they 

involve performing a behavior first-hand and receiving immediate feedback, addressing 

and overcoming barriers that present themselves, overcoming challenges and fears of 

failure, and, as a result, producing a sense of resilient self-efficacy (Bandura, 1994). As a 

result, performance and mastery opportunities formed the backbone of each element of 

the curriculum.  

A second way to enhance self-efficacy is with vicarious experience through social 

models – in other words, observing a behavior carried out by another person, and the 

positive outcomes that result (Bandura, 1994). In the transportation lesson, for example, 

we invented a character named Karen, a high school student who is inspired to ride her 

bicycle more often after visiting Europe and participating in its biking culture. Karen’s 

basic characteristics were determined through our formative research into characteristics 

with which most students would identify. Through a guided activity, students developed 

goals, strategies, and specific plans to change their own transportation behaviors and to 

address perceived barriers in the way Karen had modeled to achieve success.  

Persuasion – the process of encouraging or discouraging one towards action with 

symbols (e.g., verbally, or through text or pictures) - is a third way to influence self-

efficacy. Influencing mood as well as affective and physiological states is the fourth way 

(Bandura, 1994). In terms of impact, these tend to be weaker methods than actual 

performance and mastery and vicarious experience.  Alone, social persuasion (i.e., 

instructing people to change to achieve the anticipated outcomes) generally produces 

small effects (e.g. Miller et al., 1975). It also is harder to instill self-efficacy with verbal 

persuasion than it is to undermine it, for example, by persuading people that they lack 

capabilities. In addition, it may be difficult to alter emotional and physiological states in 

classroom settings. We applied these strategies in a variety of ways, however. For 

example, the emotional and knowledge-based information provided by the climate 
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change “experts” is intended to persuade. Images of victims of natural climate disasters 

highlighting social inequities is expected to elicit emotional responses in some students 

that could be resolved through discussion of potential actions students can take to help 

address such impacts. We also aimed to create associations of positive arousal with 

success in declaring challenging goals and practicing behaviors. We used kinesthetic 

activities, such as the balloon exercise, lifecycle activities, and recipe activity, to leverage 

the tendency of individuals to misattribute arousal to people or events that are proximate 

to the true source of arousal (Schacter & Singer, 1962).   

Setting goals and receiving feedback, when used together, increase and maintain 

behavior change (Bravata et al., 2007; McCalley & Midden, 2002; Becker, 1978; 

Abrahamse et al., 2007).
80

  Proximal, flexible, appropriately challenging and specific 

goals are most effective (Bandura & Schunk, 1981; Bandura, 1986; Locke et al., 1980). 

Furthermore, although setting individual goals is effective (Bandura, 1986), setting team 

goals can be additionally empowering (Latham & Saari, 1979). The balloon activity 

engaged students in quantifying their CO2 emissions. The balloons served as the visible, 

meaningful, and measurable feedback of their personal impact for behaviors targeted 

throughout the curriculum (e.g., driving one mile in an average sized sedan emits 180 

balloons; drying one load of laundry in a clothes dryer is about 900 balloons; and eating a 

hamburger is about 2000 balloons). Behavior logs and public displays of group results 

each week provided a system of setting iterative goals and receiving regular feedback for 

individuals and groups (see Figure 2 for an example). It also created transparency of 

information, discouraged free riding, and enhanced perceptions of group or collective 

efficacy (Elley, 2008; Farhar & Fitzpatrick, 1989; Thompson Jr., 2000; Reeves, 2008; 

Bandura, 1986). Once goal-setting, feedback and quantification were addressed we 

turned to addressing barriers, or impediments that prevent the target behavior from 

                                                             
80 Goals coupled with feedback increase error management, thereby improving success; in other words, 

feedback regarding errors yields information for people about whether their picture of reality is aligned 

with what is required to attain their goal, and allows them to adjust their actions accordingly (Frese & 

Zapf,1994). Feedback also functions by providing confirmation of the effectiveness of one’s actions, which 

improves confidence in long-term abilities (self-efficacy), and reinforces and increases the likelihood of 

similar future behavior (conditioning) (Bandura, 1982; Bandura & Schunk, 1981).  
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occurring. We aimed to help students overcome barriers in a variety of ways (McKenzie-

Mohr & Smith, 1999), including group discussion to identify barriers and brainstorm 

solutions, as well as through task-specific activities. A concrete example of the latter is a 

guided exercise to identify the optimal appliance configuration in a power strip in 

participants’ bedrooms so they could more easily turn them off to reduce vampire energy 

use. Another way we addressed barriers was to provide maps and bus and bike routes to 

help students overcome a lack of information about non-car means of transportation.  

In social cognitive theory, the four key processes of observational learning are 

identified as attention, retention, production, and motivation (Bandura, 1986). These 

processes are intended to describe learning from models but have proven equally 

applicable to behavior change intervention design (Robinson, 1999; Robinson, 2001a; 

Robinson & Borzekowski, 2006; Robinson et al., 2003; Robinson et al., 2001a; Robinson 

et al., 2001b; Robinson, 2001b). As another step in curriculum development we reviewed 

the intervention to maximize opportunities for each of these processes. Attention is focus 

on an action, message or person performing an action.  Attention regulates exploration 

and perception and is highly influenced by factors such as personal relevance, functional 

value, and perceptual and affective salience (e.g., color; novelty; fast-paced multi-sensory 

media; and interactivity). For example, we introduced students to the curriculum using 

attractive oversized worksheets and colored folders and markers, which were different 

from their typical in-class materials. We also punctuated the climate conference with 

relevant affective videos.  

Retention, or memory, is a process influenced by the organization of information, 

attention, and rehearsal (e.g., including physical, cognitive, or imagined rehearsal, and 

inference from simulations and stories) (Bandura, 1986). For example, the chain game, or 

life cycle activity, in which students physically acted out the life cycle of energy use and 

GHG-emitting behaviors such as turning on a light; helped participants remember how 

their behaviors connect to energy use and GHG emissions by articulating and 

chronologically linking all of the steps in between. The linked kinesthetic and cognitive 

elements of the activity were designed to enhance retention (Janiszewski et al., 2003; 

Klemmer et al., 2006; Begel et al., 2004). Repeating a similar activity in subsequent 
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lessons also reinforced the information, which could also promote attitude change 

(O’Keefe, 2002). As another example, the overall theme of designing and creating media 

messages is intended to increase retention of curriculum content because the process of 

formulating media messages mimics the same process students explored in the 

curriculum to change their own behaviors. The steps include teams revisiting the targeted 

behaviors, choosing one, identifying barriers, deciding how to help their fellow students 

overcome barriers, modeling the behavior, rehearsing it multiple times, and performing 

this message for an audience of their peers during filming. 

Production processes involve the conversion of intentions, concepts, and other 

mental representations into actions through performance and mastery. As described 

above, these processes are most closely linked to enhanced perceived self-efficacy. 

Strategies to help move individuals from mental representations to action include: 

identifying the sub-steps required to execute an action, articulating and committing to a 

particular action through goal-setting, receiving feedback regarding whether these goals 

are being met, identifying and addressing barriers, and rehearsing or practicing the 

activity (which overcomes inertia and facilitates habit formation). The activities in 

lessons 2-4 were, in a large part, organized around moving individuals to action through 

these steps. Students rehearsed target behaviors through activities such as the clothesline 

relay race and preparing a low GHG (meatless) meal. Furthermore, they rehearsed the 

information and strategies being proposed through public presentation activities. Students 

assumed expert roles and gave short speeches to each other as part of the climate 

conference, and advocated for behavior changes through their media messages – both 

types of actions help shift attitudes (Festinger & Carlsmith, 1959; Jones, 1964).   

 Motivation is conceptualized as the level of desire to perform an action. 

Motivation is directly linked to expectations about outcomes that are likely to result from 

one’s behavior, with the rewarding and punishing outcomes being external (e.g., material 

rewards or peer approval) or internal (e.g., gratification from mastering a challenge or 

collaborating with others). The outcomes may be learned through past, promised, or 

vicarious experiences (seeing and recalling the reinforced model). We designed the 

curriculum to tap into students’ intrinsic motivation derived from their values, personal 



114 

 

experiences, and perceptions of risk by including, for example, impacts on nature and 

animals, self or family, equity, the economy, and energy security in the climate 

conference (Mastrandrea et al., 2006; De Young, 2000). 

 Other motivational techniques have been identified through decades of 

experiments on intrinsic and extrinsic motivation in education.
81

 Lepper and colleagues 

highlight the “seven Cs” of intrinsic motivation, which include competence, challenge, 

curiosity, and control (control is influenced by choice, contextualization and 

individualization), as well as group factors such as context, community, and cooperation 

and competition (Lepper et al., 2008).  We used the 7 Cs to promote intrinsic motivation 

throughout the intervention. For example, students were challenged to individually 

demonstrate competence when assuming expert positions in Lesson 1’s climate 

conference, engaging in public speaking, and arguing in favor of a particular position 

(Lepper et al., 2008; Bandura, 1986; Wood, 2000). In the recipe activity students faced 

peer pressure to produce a palatable dish to share with their group members (Clasen & 

Brown, 1985). Students exercised perceived control and choice through personalizing 

details such as writing and drawing on folders, choosing group names, and selecting 

behaviors to change (Lepper et al., 2008).   

We applied the group factors of cooperation and competition in several ways. A 

sense of community is built by sharing tasks in a challenging and novel educational 

experience. Cooperation is a salient motivator; students shared strategies for changing 

their behaviors, helped each other make calculations on their worksheets, monitored and 

viewed collective progress in CO2 savings, and collaborated on the design and execution 

of their media messages. Competition was implemented by showing feedback on balloon 

savings to student teams, and having students rank recipes and media messages, for 

example. In our pilot work, showing teams’ progress to the whole class, in contrast to 

asking individuals to perform computations without public display, showed an immediate 

increase in motivation (due to competitiveness, although the exercise is not explicitly 

framed as a competition) evidenced by willingness and expediency in doing the 

                                                             
81 We attempted to avoid certain extrinsic motivators, such as money, because these often result in a 

reversal or weakening of behavior once the external incentive is removed (Stern, 2000; Stern & Gardner, 

1981; Hirst, 1984). Moreover, it is important to consider intrinsic motivators when behavioral persistence is 

desired and resources are limited.  
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computations required to track balloon savings. Participation on teams and competition 

have been shown by others to be effective in reducing GHG emissions, both 

experimentally (Darby, 2006a; Darby, 2006b; Petersen et al., 2007) and anecdotally 

(McKenzie-Mohr & Smith, 1999). 

An additional approach to enhance motivation applies the Premack Principle. This 

principle states that behaviors that occur reliably without intervention can be leveraged to 

reinforce and motivate behaviors that require intervention – for example, by linking the 

performance of the most motivating activities contingently upon good performance in 

preceding less motivating activities (Premack, 1965). We applied this principle by 

guiding students to change their own behavior through the more challenging self-change 

activities prior to creating and filming their media messages and sharing food in their 

groups, which are perceived as more motivating.  

To further help illustrate the curriculum design process let us briefly consider how 

each theoretical technique is applied to one activity, the clothesline relay. A greatly 

simplified “working backwards” exercise and identification of steps are illustrated in 

Figure 1. We incorporated self-efficacy through rehearsal and mastery, as each student 

had to actually hang dry clothes correctly in order for their team to progress in the race. 

Goal-setting and feedback were applied by setting a challenge: to be the fastest team to 

hang up and take down clothes, with real-time feedback through observation of 

teammates and competitors. The race helped students overcome their perceived barriers 

about the time cost and difficulty of hang drying by experience and this was illustrated by 

recording and reporting back to them their own perceptions of how time-consuming and 

difficult hang-drying was both before and after the activity, and students saw how it 

seemed faster and easier once they had tried it. We were able to harness the attention, 

retention, and motivation of participants through novelty, interactivity, repetition of the 

behavior, as well as competition and cooperation in teams. As this example shows, our 

goal was to ensure that activities in the curriculum were theory-rich and therefore more 

likely to change the targeted behavior. 
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Method  

We evaluated the curriculum in a cluster-randomized controlled trial over seven 

weeks, during April and May, 2009. The study was conducted at a public high school in 

Palo Alto, California. We used a course that is required for all tenth graders to provide a 

large, unselected population of students who were about the same age but of widely 

varying aptitudes and interest levels. Six teachers with eight class sections agreed to 

participate. Teachers were the unit of randomization. Three teachers with four classes 

were randomly assigned to the treatment condition and two teachers with four classes 

were randomized to the control condition. Parents or guardians provided written informed 

consent for their adolescents, and students provided their assent to participate in the 

study. The evaluation consisted of a baseline survey for all participants in the first week, 

followed by five lessons over five weeks delivered to the treatment group only, and a 

post-test survey a week later for all participants. All students in the treatment classes 

received the experimental curriculum, taught by a trained member of our research team 

with the usual classroom teachers present, as a standard part of their school curriculum. 

The control classes received their standard course content taught by their usual classroom 

teachers. Only those students with parental consent and assent were included in the 

evaluation. Thus, all non-specific elements of the study, including recruitment, consent 

and assent, classroom curriculum time, and surveys, were equated across the two study 

conditions to enhance internal validity.  The study was approved by the school Principal 

and the Stanford University Administrative Panel on Human Subjects in Research. 

 

Measures 

Survey questions were adapted from the previously validated Stanford Climate 

Change Behavior Survey (SCCBS) (Armel et al., 2011). The survey included questions 

regarding frequency and/or intensity of specific energy- and GHG-related behaviors in 

the categories of home electricity, transportation, and food; attitudes regarding the 

importance of environmental sustainability; perceived self-efficacy in performing these 

behaviors; and knowledge about behaviors that contribute to climate change. We 

examined the distributions of each item and eliminated the potential impact of outliers by 
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winsorization (Tukey, 1962) in which responses more than three interquartile ranges 

below the 25
th
 percentile or above the 75

th
 percentile were changed to the next higher or 

lower response, respectively.   

We created indices from conceptually-derived clusters of items, supported by the 

results of principal components analysis with varimax rotation, for three of six major 

types of targeted behaviors used in this intervention (see Table 2.3 for the six indices and 

component items). Indices were computed by summing (for a meat consumption index 

and a processed and packaged snacks and beverages index) or averaging (home 

electricity index) responses to items that loaded highly on the same principal components 

factors and/or shared conceptual similarities, and not by using principal components 

factor loadings. To create a change variable, the baseline index score was subtracted from 

the post-test value for each student. The distributions of the change scores were examined 

to check for normality before running analyses. Test-retest stability of the indices from 

baseline to post-test was calculated in the control sample only (reported in Table 2.3).  

Questions that measured values, attitudes, and knowledge were included as 

secondary outcome variables and potential mediators of behavior change.  To measure 

attitudes, participants responded to the statement “Compared to other things in your life, 

environmental sustainability is...” on a six-point Likert-type scale ranging from “not at all 

important” to “the very most important” (Armel at al., 2010; Heckler et al., 2010). 

Perceived self-efficacy was measured by asking how confident participants were that 

they could perform specific targeted behaviors “at least half the time” on a Likert-type 

scale ranging from 1 (not at all confident) to 10 (very confident). Participants were also 

queried about their knowledge of whether 10 different behaviors: “driving to school, 

cutting down forests, leaving the television on, drilling for oil, eating a candy bar, eating 

a hamburger, burning coal in a power plant, using a clothes dryer, drinking soda, and 

flying in a plane,” contribute to “global warming.”  

To gain insight into the potential real world impact of our intervention, and to 

allow for greater interpretability and comparisons with other interventions, we calculated 

effect sizes for our primary outcome, as well as for the indices and individual survey 

items. Specifically, Number Needed to Treat (NNT) indicates the number of students 
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needed to be exposed to the curriculum in order to produce one more success (a greater 

total energy- and GHG-savings behavior change score) than if the same number of 

students were not exposed to the curriculum (controls). Ideally an NNT would be as close 

to 1.0 as possible (Kraemer & Kupfer, 2006; Katona & Livingston, 2002; McQuay et al., 

1995; Barratt et al,. 2004; Chatellier et al., 1996). We calculated NNT with an area under 

the curve approach (Kraemer & Kupfer, 2006). Another standardized effect size we 

calculated was Cohen’s d, which is expressed in standard deviation units. Cohen’s d is 

calculated as the difference between two sample means divided by their pooled, within-

group standard deviations, and allows one to compare the magnitudes of effects across 

different measures and measurement scales. It also is easily converted to other commonly 

used effect sizes (Kraemer & Kupfer, 2006). Prior to the study, we determined that for a 

two-tailed 5% alpha level test, a total final sample size of at least 134 participants (67 in 

each group) would provide about 80% power to detect a number needed to treat (NNT) 

effect size = 3.6 or less, equivalent to a Cohen’s d = 0.5 or greater (Cohen, 1988; 

Kraemer & Thiemann, 1987; Kraemer & Kupfer, 2006).  

 

Results 

Of 229 potentially eligible students, parental consent was obtained from 183, with 

165 (90%) of these completing baseline surveys, 84 treatment and 81 controls. Only 

thirteen students were lost to follow up (7 Treatment, 6 Control; X
2
 = 0.08, df = 1, p = 

0.78), resulting in 152 students in the baseline sample who also completed post-test 

surveys (92%). Nearly all participating students in both the treatment (92%) and control 

(94%) groups were tenth graders. Groups were also similar with respect to age 

(Treatment M±SD = 15.5 ± 0.06, Control M±SD = 15.4 ± 0.6;  Wilcoxon Rank Sum Test 

z = -1.08, p = 0.28), gender (Treatment 63% female, Control 53% female; X
2 
= 1.70 df = 

1, p = 0.19 ), and race/ethnicity (Treatment versus Control: 40 vs. 46% White, 4 vs. 2% 

Latino, 0 vs. 1% African American, 36 vs. 38% Asian, 4 vs. 0% Pacific Islander, and 16 

vs. 13% Other/Multi-Ethnic; X
2
= 4.90, df = 5 , p = 0.43). Of the behavioral outcome 

measures assessed (Table 2.3) only the home electricity use index differed statistically 

significantly between groups at baseline (Wilcoxon rank sum test, z = -2.89, p = .004).  
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Table 2.3: Outcomes and Effect Sizes for Categories of Behaviors and their Individual Behaviors Targeted by the Intervention.  

 Baseline  Post-test Difference in 

Change Between 

Groups 

 

 

Effect Sizes 
Treatment Control Treatment Control 

Index 
Description of Index  

and Component Survey Items
e, f 

 

Mean 

(SD) 

Mean 

(SD) 

Mean 

(SD) 

Mean 

(SD) 

Adjusted 

Difference
‡
 

(lower 95% CL, 

upper 95% CL) 

Cohen’s 

d
j 

Number 

Needed to 

Treat 

(NNT) 

Relative 

Percent 

Change
k 

Hang Drying
i
 Proportion of time hang drying 

clothes instead of drying in a dryer  

About what proportion of the time do 

you use a clothesline or hanger to dry 

clothes instead of a clothes dryer?a 

(Stability = 0.63) 

0.263 

(0.268) 

0.308 

(0.305) 

0.333 

(0.313) 

0.273 

(0.310) 

0.098 (0.028 

0.165) 
0.44 4.1 35.9% 

Home 

Electricity
g, i

 

Proportion of time switching off 

appliances and other energy-using 

devices when not in use (Stability = 

0.55)
 

0.730 

(0.160) 

0.658 

(0.130) 

0.798 

(0.148) 

0.660 

(0.153) 

0.095 (0.055, 

0.135) 
0.76 3.5 14.4% 

 What proportion of the time do you 

turn your power strips off at night 

instead of leaving them on?a  

0.343 

(0.393) 

0.160 

(0.310) 

0.530 

(0.413) 

0.228 

(0.335) 

0.210 (0.105, 

0.315) 
0.63 5.9 92.1% 

 What proportion of the time do you 

turn off the TV off when you are 

the last person to leave the room 

instead of leaving it on?a 

0.888 

(0.240) 

0.855 

(0.253) 

0.865 

(0.258) 

0.820 

(0.305) 

0.028 (-0.050, 

0.105) 
0.11 43.3 3.4% 
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 What proportion of the time do you 

shut off the lights when you are the 

last person to leave the room 

instead of leaving them on?a 

0.803 

(0.233) 

0.775 

(0.200) 

0.870 

(0.200) 

0.763 

(0.278) 

0.095 (0.025, 

0.163) 
0.42 9.21 12.5% 

 During the day, what do you do 

with your computer when you are 

not using it for 20 minutes or 

more?
b 

0.688 

(0.245) 

0.660 

(0.243) 

0.778 

(0.22) 

0.668 

(0.235) 

0.095 (0.038, 

0.155) 
0.51 4.7 14.2% 

 What do you do with your 

computer overnight?b 

0.935 

(0.145) 

0.843 

(0.208) 

0.948 

(0.130)  

0.830 

(0.215) 

0.058 (0.018, 

0.098) 
0.47 12.8 7.0% 

School 

Transportation 

Number of one way car, truck or van 

trips from home to school in the past 

week (alone or dropped off by 

someone else)
c
 (Stability = 0.58) 

3.11 

(3.80) 

3.33 

(3.43) 

3.18 

(3.62) 

3.37 

(3.27) 
0.02 (-0.80, 0.84) 0.01 255.5 0.6% 

Meat 

Consumption 

Number of meat servings consumed 

per week
d
 (Stability = 0.67) 

7.23 

(5.13) 

7.37 

(5.12) 

8.10 

(6.52) 

7.62 

(5.04) 
0.45 (-0.87, 1.76) 0.11 13.9 5.9% 

 Number of servings of chicken or 

turkey (4-6 oz., 2 legs, or 1 breast) 

per weekd 

2.95 

(2.06) 

2.64 

(1.86) 

3.07 

(1.98) 

2.89 

(1.94) 
-0.02 (-0.50, 0.47) -0.01 -61.5 -0.7% 

 Number of servings of beef,  (e.g. 

hamburger, sandwich, steak, roast, 

stew, casserole, lasagna etc.)  per 

weekd 

2.23 

(1.86) 

2.40 

(1.91) 

2.44 

(2.37) 

2.40 

(1.85) 
0.15 (-0.32, 0.61) 0.10 46.8 6.3% 

 Number of servings of pork, ham 

or lamb (e.g. sandwich, ham, 

casserole, etc.) per weekd 

2.12 

(2.24) 

2.10 

(2.08) 

2.11 

(2.33) 

2.03 

(2.04) 
0.10 (-0.40, 0.61) 0.06 88.5 4.9% 
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a Response scale and coding: Never = 0; .Sometimes = .25; .Half the time = .50;  Most of the time = .75; and All the time = 1.0. 
b Response scale and coding: leave it on with monitor on and no screen saver = 0; leave it on with a screen saver that comes on = .25; leave it on with monitor off 

=.50; put it to sleep/auto sleep = .75; and turn it off = 1.0. 

Processed and 

Packaged Food 

Consumption 

Number of processed and packaged 

snacks and beverages consumed per 

week
d
 (Stability = 0.58) 

19.35 

(15.50) 

17.48 

(14.74) 

19.92 

(16.73) 

19.59 

(16.14) 
-0.12 (-4.37, 4.13) -0.01 -32.9 -0.6% 

 Number of servings of dried, 

frozen or canned fruit (1/2 cup) per 

weekd  

0.87 

(1.20) 

0.69 

(1.03) 

1.63 

(2.22) 

1.47 

(2.24) 
-0.02 (-0.61, 0.58) -0.01 -664.0 -1.4% 

 Number of servings of frozen or 

canned vegetables or beans (1/2 

cup) per weekd 

1.45 

(1.92) 

1.29 

(1.85) 

1.80 

(2.18) 

1.49 

(1.72) 
0.27 (-0.27, 0.46) 0.15 71.4 18.1% 

 Number of servings of packaged 

snack foods, e.g. candy, chips, 

pretzels, peanuts (but not other 

nuts) (1/2 cup) per weekd 

4.88 

(5.05) 

5.48 

(6.16) 

4.08 

(4.04) 

5.12 

(5.38) 
-0.82 (-2.11, 0.46) -0.20 -9.9 -16.0% 

 Number of meals or snacks from a 

fast food restaurant, (e.g. 

McDonald's, Taco Bell, Subway) 

per weekd 

0.93 

(1.11) 

0.79 

(1.00) 

1.08 

(1.25) 

0.88 

(1.11) 
0.11 (-0.16, 0.38) 0.12 20.7 12.5% 

 Number of 8 oz. servings of bottled 

water per weekd 

4.68 

(6.38) 

4.49 

(5.95) 

5.21 

(6.45) 

4.97 

(5.80) 
0.14 (-1.42, 1.69) 0.03 25.5 2.8% 

 Number of 12 oz. bottle or can of 

soda, flavored water, juice, or other 

sweet drinks per week
d 

2.61 

(2.49) 

2.57 

(2.46) 

2.67 

(2.37) 

2.54 

(2.36) 
0.14 (-0.49, 0.78) 0.07 84.0 5.5% 

Reusable 

Bottles and 

Cups
i 

Proportion of time using a reusable 

bottle or cup instead of a disposable 

bottle while away from home
d 

(Stability = 0.54)
 

0.558 

(0.380) 

0.535 

(0.345) 

0.623 

(0.375) 

0.525 

(0.365) 

0.083 (-0.010, 

0.175) 
0.28 8.7 15.8% 
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c Response scale and coding: 0 = 0; 1-2 = 1.5; 3-4 = 3.5; 5-6 = 5.5; 7-8 = 7.5 
d Response scale and coding: No servings/wk = 0; 1/wk = 1; 2-4/wk = 3; 5-6/wk = 5.5; 1/day = 7; 2-3/day = 17.5; 4-5/day = 31.5; 6+/day = 42 
e The home electricity index was computed by averaging each constituent item response to estimate the average frequencies and/or proportion of time of the 

measured behaviors. The meat consumption and processed and packaged foods indices were calculated at the sums of constituent items because these were 

measured as the numbers of servings consumed per week. The other three indices were composed of only one survey item each. See the methods for more detail 

on how indices were created. 
f Note, all individual item means and standard deviations reported here retain the directionality of the original survey items and the phrasing used in this table, 

e.g. an increase in hang drying is more energy efficient, while an increase in meat servings consumed is less energy efficient.  

g Statistically significant differences between groups at baseline existed for the home electricity index only (Wilcoxon rank sum test, z = -2.89, p = .004)  
h
 The adjusted differences in changes between groups from ANCOVA, where the baseline to post-test change was the dependent variable, the intervention group 

(Treatment vs. Control) was the independent variable, and the centered baseline value and the centered Treatment x centered baseline value interaction were 

covariates, with 95% confidence intervals (lower 95% confidence limit, upper 95% confidence limit). This adjusts for baseline imbalances between groups and 

produces an unbiased estimate of the difference between groups.  
i The hang drying, home electricity and reusable bottles and cups items were scaled as frequency proportions. We assumed equal intervals between Likert scale 

divisions such that Never = 0.0 of the time, Sometimes = 0.25 of the time, Half the time = 0.50 of the time, Most of the time = 0.75 of the time, and All of the 

time = 1.0 of the time. Results for these three categorical variables are presented as proportions, e.g. proportion of the time students in the treatment group 

engaged in hang drying increased from 0.263 at baseline to 0.333 at post-test. The adjusted differences for these measures can be interpreted as the difference in 

the changes in frequency proportions between groups at post-test adjusted for baseline frequencies. For example, the adjusted difference between groups of .098 

for hang drying indicates that treatment group students reported increasing the proportion of times they hang dry their clothes instead of using a dryer by .098 (or 

9.8%) more than students in the control group at post-test, after adjusting for frequency of hang drying at baseline. 
j Cohen’s d is calculated as the difference between groups divided by the pooled within-group standard deviation,. Here we derive Cohen’s d directly from our 

ANCOVA models by subtracting the least squares mean of the control group from the least squares mean of the treatment group (equivalent to the parameter 

estimate) and dividing by the pooled within-group standard deviation, or the root mean square error (MSE).   
k The relative percent change is included to help interpret the differences in changes between groups, as a percentage change relative to the expected rate without 

the intervention.  It is calculated as the adjusted difference in change between groups divided by the control group post-test mean, and this gives a magnitude 

percent change relative to the expected base rate as estimated from the control group. For example, for hang drying it is .098 divided by .273 = .359 (or a 35.9% 

relative increase in hang drying in treatment participants compared to what would be expected without the intervention). 
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Primary Outcome: Changes in Total Energy and Greenhouse Gas Saving Behaviors 

The primary hypothesis was that treatment group students would increase their 

overall energy- and GHG-saving behaviors significantly more than controls over the 

seven week period between baseline and post-test. To conservatively evaluate this 

hypothesis, a summary total energy- and GHG-saving behavior score was calculated for 

each student from the six indices. Each student received a score of 1 for each index that 

improved from baseline to post-test (more energy- and GHG-savings) and a score of zero 

for each index that stayed the same or worsened (zero or less energy- and GHG-savings), 

and these scores were summed for the total energy- and GHG-saving behavior change 

score (possible range 0-6 for each student). In computing change scores, items were 

coded or reverse coded as necessary so that higher scores signified greater energy- and 

GHG-savings. Total energy- and GHG-saving behavior change scores were then 

compared between the treatment and control groups. Analyses followed intention-to-treat 

principles, where all participants were analyzed as they were randomized, regardless of 

subsequent participation and/or exposure to the intervention. Missing post-test values 

were conservatively imputed as the baseline value carried forward (thus coded as a 

change score of zero for that behavior). 

For practical reasons, teachers were randomized to one of the two intervention 

arms, and the intervention was administered to a classroom (not to an individual student), 

potentially inducing a correlation among the outcomes from students within the same 

classroom.  To address this, we made use of hierarchical linear models that included a 

classroom-specific random intercept (SAS Proc MIXED, version 9.3). More specifically, 

we regressed total energy- and GHG-saving behavior change score on treatment and 

baseline energy- and GHG-saving behavior scores. The model also included classroom as 

a random effect.  For inference, we used the Kenward-Roger method for estimating 

degrees of freedom, as recommended when the number of subjects per cluster is less than 

100 (Verbeke & Molenberghs, 2000). 

The treatment group significantly improved their overall energy- and GHG-saving 

behaviors compared to controls (adjusted difference = 0.43, 95% Confidence Interval = 

0.07 to 0.80, p = .02). This difference between the treatment and control groups is 
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illustrated in Figure 2, showing a relative shift to the right (more energy- and GHG-

savings) in the distribution of the total energy- and GHG-saving behavior change scores 

among the members of the treatment group relative to controls (treatment mean ± SD = 

2.06 ± 1.32, median = 2, interquartile range = 0-6; control mean ± SD = 1.62 ± 1.03, 

median = 1, interquartile range = 0-4). This difference between groups represents a 

26.5% relative increase in this index of overall energy- and GHG-saving behaviors.  The 

Number Needed to Treat (NNT) for the intervention is 4.1, which means we would need 

to expose about 4 students to the curriculum to produce one more success (a greater total 

energy- and GHG-savings behavior change score) than if the same number of students 

were not exposed (controls). The difference between groups can also be expressed as a 

Cohen’s d standardized effects size = 0.36. 
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Figure 2.2: Primary Outcome: Treatment versus control group total energy- and greenhouse gas-saving behavior change score 

distributions. The figure illustrates the number of students who improved their behavior from baseline to post-test in each group, by 

the number of behavioral indices they improved, out of a possible total of six. For example, if a student reported an increase from 

baseline to post-test in hang drying and using fewer processed and packaged food consumption, but stayed the same or decreased on 

the four other indices, their score would be 2. This figure shows the distribution of behavior change scores for the treatment group and 

the control group. The treatment group distribution is shifted to the right compared to the control group distribution, indicating a 

relative improvement in overall energy and greenhouse gas savings behaviors across the six indices. 
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Of note, an analysis comparing the distributions of change scores in the treatment 

and control groups using a non-parametric Wilcoxon rank sum - Mann-Whitney U-test 

that assumes independent errors and does not account for the cluster-randomized design 

produced similar results (p = .02), showing our findings are robust to this assumption.  

To further confirm the results from the primary analysis, we also conducted a 

secondary analysis using the same hierarchical linear modeling approach, where the 

outcome was a continuous (scaled) overall energy- and GHG-savings behavior change 

measure. Specifically, each participant’s raw change score from baseline to post-test for 

each of the six behavioral indices was converted into a standardized z-score, and then 

averaged over all six indices. The results were again consistent with the results of the 

primary analysis (treatment mean ± SD = 0.09 ± 0.5; control mean ± SD = -0.09 ± 0.4; 

adjusted difference = 0.17, 95% Confidence Interval = 0.03 to 0.31, p = .015). 

 

Changes in Specific Behaviors and Categories of Behaviors 

As an additional secondary analysis we investigated the effects of the intervention 

on each survey item and index. Means and standard deviations, adjusted differences 

between groups and their 95% confidence intervals are presented in Table 2.3. These 

results help to further describe and understand the results of the primary analysis in more 

detail by examining changes in each of the components of the total energy- and GHG-

saving behavior score. We evaluated differences between the treatment and control 

groups using ANCOVA. Specifically, the baseline to post-test change was the dependent 

variable, the intervention group (Treatment vs. Control) was the independent variable, 

and the centered baseline value and the centered Treatment x centered baseline value 

interaction were included as covariates. We included the centered Treatment x centered 

baseline value interaction as a covariate in the analysis to produce an unbiased estimate 

of the main effect of treatment (Cronbach & Snow, 1977; Finney & Mitchell, 1984; 

Overall et al., 1981; Rogosa, 1980).  Results in Table 2.3 showed the treatment group 

made their greatest magnitude increases in hang drying and switching off appliances and 

other energy-using devices when not in use, compared to controls. Smaller changes 

favoring the treatment group were also apparent in reusable water bottle use.  
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We also report effect sizes in Table 2.3, as an indication of the magnitude impacts 

of our intervention. To aid readers, we report three effect sizes: relative percent change, 

Cohen’s d, and NNT. A relative percent change for each variable was calculated to 

indicate the magnitude of change in the treatment group relative to the post-test rate that 

would be expected without intervention (as represented by the control group rate at post-

test). Relative percent change is calculated as the adjusted difference in change divided 

by the post-test mean in the control group. Thus, an increase in a low prevalence behavior 

is shown to have a larger proportional effect compared to the same absolute increase in 

an already high prevalence behavior. For example, there was a 36% relative increase in 

hang drying attributable to our intervention, a 14% relative increase in turning off 

appliances and other energy devices, and a 16% relative increase in using reusable bottles 

and cups while away from home. The range of effect sizes reflects the varying impacts of 

our intervention across different behaviors. A Cohen’s d value of .44 for hang drying and 

.76 for reducing home electricity use represent medium to large effects, respectively. The 

number needed to treat (NNT) suggests that the curriculum was efficient for producing 

change in some cases – for example, for hang drying, turning off appliances and other 

energy-using devices, and using a reusable bottle or cup when away from home, we 

would need to expose only about 4 to 9 (3.5 to 8.7) students to our curriculum to produce 

one additional student who improves these respective behaviors.  

 

Knowledge, Perceived Importance of Environmental Sustainability, and Self-Efficacy 

We performed ANCOVAs, similar to those described above, to test the effects of 

the intervention on changes in student knowledge, perceived importance of 

environmental sustainability, and self-efficacy for targeted behaviors, as secondary 

outcomes and potential mediating variables. There was a trend toward increased 

knowledge about behaviors that contribute to climate change among treatment group 

students compared to controls, (F(1,163) = 3.21, p < 0.08). There was no statistically 

significant difference between groups in changes in their perceived importance of 

environmental sustainability. However, self-efficacy for three behaviors increased 

significantly among treatment students compared to controls: switching off appliances 
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and energy-using devices (p < 0.01); driving more efficiently (p < 0.05); and eating fewer 

processed and packaged snacks (p < 0.05). Despite these changes, when we formally 

tested these variables as potential mediators of intervention effects using the MacArthur 

Network methods of Kraemer et al. (2001), using a conservative α < .01 criterion, we 

found none met criteria as statistically significant potential mediators of the effect of the 

intervention on changes in energy- and GHG-saving behaviors. However, these are lower 

powered exploratory tests. 

 

Potential Moderating Factors 

Moderators are variables present at baseline that affect the direction and strength 

of the relationship between the independent (treatment) and dependent (outcome) 

variables (Baron & Kenny, 1986). They help identify groups or characteristics of persons 

who respond more or less to the intervention, and thus may be targeted or avoided in 

future implementations. We tested all baseline demographic, knowledge, attitude and 

behavioral measures as potential moderators of intervention effects using the methods of 

Kraemer et al. (2001). Using a conservative α < .01 criterion we found no significant 

potential moderators of the effect of the intervention on changes in energy- and GHG-

saving behaviors.  This result indicates that the intervention appeared to produce effects 

similarly across the entire population studied, as defined by the available characteristics 

measured. 

Although specific characteristics could not be identified to define groups that 

responded more or less to the intervention, we also conducted a post-hoc, sub-group 

analysis for the three behaviors that changed the most to examine whether the group-level 

behavior changes seen in the primary analysis represented smaller changes in a large 

number of participants or larger changes in a smaller number of participants. This varied 

according to the behavior. 25% of treatment group participants increased their hang 

drying, and the average increase within that subset was 43% – indicating relatively large 

average changes in a quarter of those exposed to the curriculum. For switching off 

appliances and other energy using devices, 60% of treatment group students increased 
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these behaviors by an average of 13%, suggesting relatively smaller average changes 

spread out over a large proportion of the students.  33% of treatment group students 

increased their use of reusable instead of disposable beverage containers by an average of 

24%, suggesting moderate changes in about one-third of the students who were in classes 

that received the curriculum.  

 

Process and Implementation Outcomes 

Some measures were collected from the treatment group through self-report as 

part of the curriculum delivery to reinforce behavior change, or after the post-survey to 

provide an assessment of the curriculum. One of these measures included estimated GHG 

emissions savings that students calculated with log worksheets completed during the 

classroom lessons. Figure 3 illustrates the cumulative total numbers of one-liter balloons 

of CO2 saved between each lesson. The combined balloon savings for the four treatment 

classrooms of students was equivalent to a savings of about two million liters or 8,700 

pounds (4.4 tons) of CO2, or an average of about 70 pounds per person.
 
This figure is 

several times higher than what we would expect based on the changes reported in the 

baseline and post-test surveys.  There are several possible reasons for this discrepancy: 

these data reflect behavior changes in the treatment group only, without controlling for 

change in the control group (we did not collect these data for the control group); these 

data include all the behaviors that were targeted instead of just the behaviors that showed 

the largest change; and the possible social desirability of participants to report greater 

changes in the presence of the teacher or their peers (whether intentional or not). 
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Figure 2.3: Feedback shown to participants in Lessons 2-5, indicating the cumulative number of balloons of carbon dioxide saved 

during the course of the four-week curriculum. During each week’s lesson, balloon data from the previous week were summed and 

added to the figure. This feedback was intended to motivate students to reduce their energy use and emissions further, through 

monitoring and feedback, increasing self-efficacy, and other techniques, as described in the text. Lesson 1 starts above zero because 

students reported their existing behaviors in the week prior to the start of the curriculum. 
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In another separate measure administered at the end of the post-test survey, 

treatment group participants were asked to provide feedback on the intervention.  These 

data indicate that on a scale where 1 = never, 2 = sometimes, and 3 = always, the average 

student rated meeting his or her electricity goal between “sometimes” and “always” 

(2.31), and other goals “sometimes” – transportation (2.05), and food (2.05). Students 

reported mean ratings of 4 to 5 on 7-point Likert scales for liking the curriculum and 

finding it fun and/or motivating. 

 

Discussion 

We designed, implemented and evaluated a brief, social cognitive theory-based 

classroom curriculum that significantly increased energy- and GHG-saving behaviors 

among high school students. Our primary result was a statistically significant 

improvement in total energy- and GHG-saving behavior in the treatment group compared 

to the control group. Over 66% of treatment group students increased two or more 

categories of energy- and GHG-saving behaviors and 32% increased three or more 

categories of behaviors compared to 48% and 20% of control group students, 

respectively. In further examining these categories and their component behaviors in a 

secondary analysis, these overall effects were mostly explained by increases in hang 

drying and switching off appliances and other energy-using devices with smaller shifts 

from disposable to reusable bottles and cups. There was also a trend toward increases in 

knowledge about the behaviors that contribute to climate change, as well as statistically 

significant increases in self-efficacy for switching off appliances and other energy-using 

devices, driving more efficiently, and consuming fewer packaged and processed snacks. 

This study has notable strengths related to both the intervention and the 

evaluation. First, the intervention was theory-based. Intervention development included 

particular attention to theory-driven principles shown to be effective in changing 

behavior (Bandura, 1986) instead of, for example, emphasizing knowledge- and attitude-

based approaches that are generally less effective for changing behavior (Zelezny, 1999).  

As described above, the intervention was deliberately formulated to include multiple, 
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integrated theoretical and conceptual models to maximize overall success. We began by 

identifying the most appropriate target behaviors linked to energy- and-GHG savings, and 

then iteratively developing activities by applying theoretical and practical techniques to 

increase self-efficacy through mastery, guided practice and modeling, incorporating 

opportunities for goal-setting and feedback, addressing barriers, leveraging opportunities 

and planning, and maximizing attentional, retentional, and motivational processes using 

empirically proven methods. We then piloted activities in samples similar to our target 

audience and revised them before testing them in the full-scale randomized controlled 

trial in our evaluation sample. 

Also notable is the community-based intervention approach, targeting an entire 

population rather than a subset of individuals with the highest energy use or GHG 

emissions. For behaviors and problems that are common across the population, such as 

the low frequencies of energy- and GHG-savings behaviors, targeting the entire 

population distribution for even small to moderate average changes can produce 

substantially greater total effects than concentrating on producing large changes among 

the smaller samples at the end(s) of the distribution (Rose, 1985).  The results suggest 

this was a useful approach. The intervention produced sizeable average changes in a 

substantial proportion of students exposed to the curriculum. We also strategically 

targeted adolescents because they may be more receptive to change. Also, they are more 

likely to influence family and community members than other individuals, and through 

their social networks, to reach a broad audience and promote social support, social 

interaction and the potential for rapid diffusion through the sample. This also increases 

the generalizability of the results and potential diffusibility of the curriculum to new 

populations and geographic settings. 

In terms of evaluation, the study employed the gold standard of study design, a 

randomized controlled trial, to minimize threats to internal validity and to be able to 

causally attribute the outcomes to the intervention (Sullivan, 2009). To our knowledge, 

this is the first report of a randomized controlled trial design used to evaluate a school-

based energy- and GHG-reducing behavior change program. The great importance of 

using a randomized controlled trial design is illustrated by the observed changes in 
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control group behaviors during the study (Allcott & Mullainathan, 2010). Without 

randomization and a proper control group one cannot be certain whether changes 

associated with an intervention, in either direction, are due to the intervention itself or to 

some other factor. In addition, participation rates in the evaluation were high; 

randomization produced groups with similar baseline characteristics, a total of only 13 

students balanced across the two groups were lost-to-follow-up, and outcomes were 

tested with an intention-to-treat analysis, all further enhancing both the internal validity 

and generalizability of the results. The hypothesis was addressed by fitting a hierarchical 

linear model that accounts for potential non-independent errors within classrooms 

consistent with a cluster-randomized design. 

We utilized a solution-oriented approach, designed to directly inform practice and 

policy (Robinson & Sirard, 2005). We designed and rigorously evaluated a theory-driven, 

multiple-variable intervention with a real world sample and setting to increase its 

relevance to a wide variety of practitioners and policy makers. This is in contrast to the 

more typical, reductionist approach commonly seen in academic research emphasizing 

observational designs and single-variable experiments, for purposes of theory 

development or explication. While this is also valuable research that can guide 

intervention development (including the present intervention) it generally results in 

greater delays in translation from the laboratory into practice in the community 

(Robinson & Sirard, 2005).  

Also, we believe it is beneficial for researchers in the behavior, energy and 

climate change field to include descriptions of their interventions, design process, and 

theory application in some depth. At this early stage in the field, it can help other 

researchers, program designers and evaluators to better design and evaluate studies, as 

well as accumulate a broader body of knowledge to discern which theoretical tools and 

specific intervention approaches are most likely to be effective in specific populations 

and settings. Therefore, we include a detailed description above.  

An advantage of our study was measuring self-reported behavior directly, 

whereas other programs have often measured indirect proxies or hypothesized mediators 

of behavior such as attitudes (Bickman, 1972; Poortinga et al., 2004; Abrahamse et al., 
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2005; Zelezny, 1999). However, self-reports are also a potential limitation of this study. 

We relied on self-reports because objective measures of the target behaviors or energy 

use and GHG emissions were not feasible. Self-reports of behavior may be subject to 

potential measurement errors. Unless systematically biased, however, errors in 

measurement tend to increase variability of estimates and reduce statistical power, which 

may have limited our ability to detect all truly significant effects of the intervention (i.e., 

type II error) and/or attenuated the estimated effect sizes observed. On the other hand, the 

differences observed between groups could also potentially be explained by a differential 

social desirability bias in reporting by the treatment group compared to the control group.  

We feel this is unlikely, however, because we observed differential effects across 

different behaviors rather than uniformly across all outcomes. We would expect socially 

desirable responses to be distributed more evenly across all outcomes assessed. In 

addition, our measures have been shown to have high correlational validity in a slightly 

older sample, and these measures also demonstrated satisfactory stability over seven 

weeks in our control sample. The increasing availability of energy sensors (e.g., The 

Energy Detective, SmartMeter deployments, and disaggregation analytics) is likely to 

increase the feasibility of objectively measuring energy use in future studies, and it also 

may be possible to identify more objective observational measures for some specific 

behaviors of interest. However, self-report is likely to remain the mainstay for measuring 

the broad array of energy- and GHG-savings behaviors in behavior change studies in the 

near-term. 

Although the intervention proved effective overall and for a number of the 

individual categories and behaviors, the effects were not uniform across all targeted 

behaviors. It is of interest to speculate about several factors that may have contributed to 

the larger effects observed for home electricity conservation and hang drying compared 

to other behaviors. First, behaviors emphasized in earlier lessons were reinforced in 

subsequent lessons, so that students were given the most time to set successively more 

challenging goals, receive feedback, and practice and build self-efficacy for changing 

electricity and hang drying behaviors, which were introduced in early lessons, than for 

the transportation and food-related behaviors introduced in later lessons. Transportation 
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behaviors also may have been subject to a ceiling effect. The majority of participating 

students were already riding their bicycles to and from school at baseline, due to a 

previous, 3-year intensive biking campaign in this school, so there may have been few 

remaining students able or willing to change who had not already done so. However, it is 

possible that this past bicycling campaign also served as a "foot in the door" (Burger, 

1999), predisposing the students to respond more favorably to other aspects of the 

intervention.  In addition, the responsiveness of students to the food lesson and the final 

lesson may have been substantially dampened by the co-occurrence of a tragic event 

involving a fellow student during the same week Lesson 4 was delivered, severely 

altering the mood of the entire school for at least several weeks.  

It is also worth noting that in each lesson we asked students to change at least one 

– not all – of the targeted behaviors. This was an intentional design feature to promote 

intrinsic motivation through perceived control over behavioral choices, and to offer 

flexibility given substantial variations in the relevance of, and barriers to, specific 

behavior changes among adolescents. While this feature makes the curriculum more 

generalizable, it potentially attenuates the apparent magnitudes of effects because only a 

subset of students attempted to change any given behavior being assessed while changes 

were estimated as means for all students across all behaviors. 

Based on observing implementation and student feedback, we believe the 

curriculum might be improved in several ways to better reflect the underlying theoretical 

principles. In particular, the allocated time for lessons could be increased to allow for 

additional reflection, discussion, and planning, particularly in the domains of identifying 

strategies to overcome perceived barriers and setting goals, given their importance in 

behavior change (Bandura, 1986, 1991). For example, upon examination of student 

folders after implementation, we found that only about 40% of students wrote down their 

goals. A verbal discussion of goals followed by time devoted to recording goals could 

increase participation in goal-setting and planning by increasing thoughtfulness and 

demonstrating a norm among those who share their goals (Latham & Saari, 1979). We 

also recommend further investigation of barriers to transportation and food behaviors, as 
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well as an exploration of alternative ways to apply theoretical principles, for example 

through different exercises, to clarify how to improve the effectiveness of those lessons. 

 

Program Impact 

One can evaluate program impact in a number of ways. First, we examine the 

effects of the curriculum for its overall efficacy. To protect against type I error and 

minimize redundancy, we evaluate the intervention for its effect on a single primary 

outcome, a combination variable of overall energy- and GHG-savings behavior. The 

result confirmed our primary hypothesis, that a theory-based, school-based intervention 

significantly increased energy- and GHG-saving behaviors in adolescents. The primary 

analysis was a conservative test of the hypothesis, using a categorical outcome measure 

with limited variability that enhanced our confidence in the overall efficacy of the 

curriculum for changing behaviors. We also confirmed this result when rescaling our 

outcome measure as a continuous measure. The primary outcome results are illustrated in 

Figure 2 showing a substantial, easily discernible shift in the distribution of overall 

energy- and GHG-savings behaviors across categories among students receiving the 

intervention compared to students who received their standard curriculum.  

 We further explored results for each category and individual behaviors measured 

(Table 2.3). Responses are scored to enhance their interpretability. For example, hang 

drying is coded as the proportion of time clothes were hang dried instead of drying them 

in a clothes dryer. The same was true for most of the home electricity behaviors. Thus, 

the adjusted difference reported is the average absolute difference between the students 

who received the curriculum compared to the controls, after adjusting for their baseline 

behaviors. Exposure to the curriculum produced an absolute increase of about 10% more 

hang drying and switching off appliances and other energy-using devices when not in use 

(and even greater changes in some of the individual electricity-saving behaviors), and 

about 8% more reusable bottle and cup use. These represent substantial changes averaged 

across all the students. The transportation and food-related behaviors are queried and 

coded as the number of one-way trips and servings per week, respectively, to allow direct 
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interpretation of the results.  The intervention appeared to be less effective in changing 

these behaviors, as discussed above. 

In addition to the absolute changes, we report the relative percent change 

reflecting the proportional incremental change compared to the frequency of the behavior 

that is expected without the curriculum -- which is the frequency observed in controls in a 

randomized controlled trial. This effect size demonstrates how a similar absolute change 

represents a greater relative percent change for a behavior that is rare to start with versus 

a behavior that is already more commonly practiced, and is how changes are often 

reported.
82

 Relative to controls, hang drying increased about 36%, home electricity-

saving behaviors increased about 14%, and reusable bottle or cup use increased about 

16% as a result of the curriculum. 

Two other effect sizes commonly used by researchers are also reported. First, for 

normally distributed measures Cohen’s d represents the differences in means between 

groups relative to their standard deviations (or amount of spread) and can be translated 

into the amount of overlap or non-overlap of their sample distributions. For example, the 

Cohen’s d of about .40 for the overall energy- and GHG-savings behavior score indicates 

that about 58% of the treatment group had a higher score on this index than 58% of the 

control group and half of the treatment group has a higher overall score than about 65% 

of the control group.  The Cohen’s d of .44 for hang drying indicates that about 59% of 

the treatment group is greater than 59% of the control group and half of the treatment 

group is greater than about 67% of the control group. The Cohen’s d of .76 for home 

electricity-saving behaviors indicates that about 65% of the treatment group is greater 

than 65% of the control group and half of the treatment group is greater than about 78% 

of the control group. In the behavioral sciences, a Cohen’s d of .2 is generally considered 

a small effect, d = .5 a medium effect, and d = .8 a large effect, but these are relative 

terms to the specific area of behavioral science and the type of study and methods being 

used (Cohen, 1988). These definitions are most applicable to results from more controlled 

settings and targeted samples. In population-based intervention studies like this one, we 

                                                             
82 For example, an increase in the absolute rate of behavior from 10% to 20% is a 10% absolute increase 

but a 100% relative increase, while an increase in the absolute rate from 50% to 60% is still a 10% absolute 

increase but a 20% relative increase. 
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would consider these effects sizes to be relatively larger in significance, where even small 

effect sizes can produce very large impacts in society-wide outcomes when multiplied 

and spread over a large population (Rose, 1985).  

Number needed to treat (NNT) is the other effect size reported. NNT is commonly 

used to describe the effects of clinical medical interventions but can be useful for judging 

the relative benefits of an intervention in concrete terms. In this study, the NNT indicates 

the number of students needed to be exposed to the curriculum in order to produce one 

more success (improved energy- and GHG-saving behavior) than if the same number of 

students were not exposed to the curriculum. The NNT of 4.1 associated with the overall 

effect indicates that about one in four students who receive the curriculum improve their 

overall energy- and GHG-savings behaviors more than controls. This indicates that this 

classroom curriculum is a relatively efficient approach to increasing energy- and GHG-

savings behavior. It is a strong endorsement of the behavioral impact of a relatively brief, 

classroom-based intervention, directed at a non-selective, population-based sample. The 

NNTs for the individual behavioral categories of hang drying and home electricity-saving 

behaviors were also in the 3.5-4.1 range. Therefore, only three to four students need to 

receive the curriculum to produce one additional student who increases their frequency of 

hang drying and switching off appliances and other energy-using devices. 

These effect sizes can help policy makers and educational program designers 

consider whether to adopt this curriculum and gauge the investment for the potential 

outcomes they may expect. For example, a policy maker can begin to ask how much they 

would be willing to invest to increase the absolute rate of hang drying by about 10%, 

which is a relative increase of 36% or equivalent to about one in four students in a school 

increasing their hang drying; and to increase the absolute rate of switching off appliances 

and other energy-using devices by about 9.5%, which is a relative increase of about 14%, 

or equivalent to about in one in three to four students in a school switching off more 

appliances and energy-using devices.   

For further interpretation, it might be helpful to compare the impact of our 

intervention to other energy-saving interventions. The survey measure was developed to 

validly measure behavior changes to evaluate the intervention, while minimizing 
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participant burden and improving response reliability, rather than to enable easy 

conversion into units of energy or GHG savings. However, it is still possible to very 

roughly estimate energy impacts for some of the outcomes. For example, a clothes dryer 

accounts for about 5.8% of household energy use on average (EIA, 2001), so a 36% 

relative increase in hang drying is equivalent to a reduction of 2% in household energy 

use.
83

 This estimated change in just one of our targeted behaviors is roughly the same as 

the impact of 2% energy savings resulting from a successful social comparison-based 

utility billing program (Ayres et al., 2009; Allcott & Mullainathan, 2010). 

 

Expediency and Scalability  

Behavioral interventions have the potential advantage of being very expedient: 

they can be implemented and, if effective, can produce results almost immediately. 

Behavioral interventions also may be rapidly duplicated across a large number of similar 

institutions, or designed so they tap into existing diffusion channels that touch large 

portions of the population. We chose to develop a school-based intervention, in part, 

because it could be readily diffused through schools nationally and perhaps 

internationally. However, some barriers still exist to disseminating school-based behavior 

change curricula. Schools are subject to many demands and, in our experience it is 

difficult for schools to find time to add even a brief five-lesson curriculum. Therefore, 

school boards, school administrators, teachers and parents will need to prioritize reduced 

energy use and GHG emissions for behavioral curricula like this one to gain entry to 

large numbers of schools. In addition, defined content standards generally vary from state 

to state in the U.S., and from country to country internationally, making it more 

challenging to align new curricula with required content standards. Another important 

potential barrier is teacher training. Our curriculum was developed to require only 

minimal preparation and training to implement. However, teacher familiarity and 

perceived expertise with the content area are known obstacles to teacher self-efficacy and 

implementation fidelity. It also is well-accepted that even if widely disseminated and 

implemented, interventions may not produce the same effects when delivered outside of 

                                                             
83 36% of 5.8% is 2%.  
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research settings. We remain optimistic, however, that school-based interventions shown 

to be effective when rigorously evaluated in real world settings, like the current study, 

represent one of the better potential strategies to produce expedient and scalable effects.  

In addition to schools, we believe this curriculum or adaptations of it may also be 

disseminated through other institutions, including groups such as churches and boy and 

girl scouts, and non-governmental organizations focusing on energy efficiency and 

reducing greenhouse gas emissions. 

 

Persistence and Long-term Benefits  

Persistence or maintenance of behavior changes is an important and understudied 

aspect of energy- and GHG-related behavioral research (Skumatz, 2009). To date, 

energy-related behavior change studies have produced mixed effects for persistence 

(Ehrhardt-Martinez, 2010; Leighty & Meier, 2010). Persistent changes may be due to 

habit formation, as well as to one-time actions that are implemented (e.g., installing 

energy efficient technologies, changing settings, and eliminating waste). In this study, 

behaviors were assessed at baseline and after the completion of the intervention but not 

for longer-term persistence or diffusion through social networks. We judged that it was 

first important to demonstrate the short-term efficacy of this novel intervention before 

investing in a longer-term follow-up. However, now that short-term efficacy has been 

shown, future studies are now warranted to examine the effects over longer periods of 

follow-up and in additional populations and different geographic locations, to assess the 

potential for lasting impacts and generalizability to different samples.  

In addition to immediate energy and GHG savings, intervening in youth is 

expected to produce even greater changes over their lifetimes. There are now examples of 

long-term effects resulting from a number of interventions in education. For example, the 

Perry Preschool program famously showed that preschool interventions can have 

dramatic benefits, including reduced crime and welfare costs, as well as increased college 

completion rates and stable family structure that are manifest over several subsequent 

decades (Barnett, 1996). Interestingly, even very brief interventions targeting attitudes 

regarding values and social belonging can have lasting benefits, as illustrated by some 
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recent studies in college students (Walton & Cohen, 2011), and middle school students 

(Cohen et al,. 2009; Blackwell et al., 2007). Behavioral changes can also be magnified 

due to ripple effects from one individual participant to many others through social 

networks (e.g. Hogan et al., 2004; Christakis & Fowler, 2007). As discussed in the 

introduction, we deliberately targeted high school students in order to maximize the 

probability of such long-term benefits to participants and ripple effects to family 

members and others through household and other social networks within and beyond the 

school system.   

 

Conclusion  

A theory-based, 5-lesson classroom curriculum was shown to significantly 

increase energy- and GHG-saving behaviors among adolescents in a school-based 

cluster-randomized controlled trial. The rigorous evaluation allows the effects to be 

attributed to the intervention. The greatest effects were found for hang drying instead of 

clothes dryer use and switching off home appliances and other energy-using devices. The 

effects have the potential to produce substantial population-wide savings in energy and 

GHG emissions if diffused to other schools and settings. 

  



142 

 

Chapter 3: Global Identity and Attitudes and Actions for Environmental Sustainability 

among Adolescents
84

  

Summary 

The global and trans-boundary nature of environmental sustainability challenges 

suggests a potential need for global identity, or connectedness to people around the 

world. Therefore, we hypothesized that higher levels of global identity would correlate 

with more positive sustainability-related attitudes and actions among adolescents. Public 

high school students in Palo Alto, California (N=152) completed self-administered 

surveys assessing global identity, their perceived importance of environmental 

sustainability, and actions related to environmental sustainability.  Four randomly-

selected classrooms of students (N=76) repeated the same assessments 7 weeks later. The 

results suggest the potential usefulness of considering and measuring global identity as a 

factor promoting environmental sustainability-related attitudes and behaviors. The 5-item 

global identity measure demonstrated adequate internal consistency and moderate seven-

week test-retest stability. Global identity was positively associated with concurrent 

attitudes about the importance of environmental sustainability, and actions involving 

switching off energy-using devices, reducing consumption of canned and bottled 

beverages, and increasing use of a reusable drinking bottle (all p < .05). Global identity at 

baseline also prospectively predicted increases in the perceived importance of 

environmental sustainability, switching off energy-using devices, and using a reusable 

drinking bottle over the subsequent seven weeks (all p < .05). These results suggest that 

global identity may play a role in the development of sustainability-related attitudes and 

actions among adolescents, and may represent an important mechanism of change or an 

intervention target to increase environmental sustainability practices among adolescents. 

 

 

 

 

                                                             
84 Co-author: T. N. Robinson. Under review at Journal of Adolescence.  
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Introduction and Background 

Environmental sustainability is one of the most pressing challenges for humanity, 

requiring innovative and integrated solutions to climate change, food, water, energy 

security, and other interconnected issues (Matson, 2009). “Sustainability science” is a 

recent research paradigm that calls for collaborative and problem-driven approaches to 

solve such complex nature-society problems (Clark, 2003; Kates et al., 2001). These 

same problems entail health challenges and co-benefits; therefore, public health scholars 

have sought to align their goals with those of promoting environmental sustainability 

(Nichols et al., 2009; Gruen et al., 2008), particularly through combating climate change 

(McMichael et al., 2006; Frumkin et al., 2008).   

Moreover, disparate magnitudes and distributions of adverse environmental 

impacts appeal to moral obligations for humans to cooperate beyond conventional 

boundaries and allegiances. For example, climate change may amplify existing injustices 

via the ways we adapt to impacts (Adger et al., 2006). Previous research suggests that 

expanding the moral circle of an individual, or increasing the number of items in nature 

an individual feels morally obligated to show concern for, predicts pro-environmental 

behaviors (Bratanova et al., 2012). Additionally, complex, trans-boundary perils such as 

air pollution, epidemics, and sea level rise may demand “a spirit of international 

cooperation and. . . recognition of . . . common planetary destiny” (Schneider & Lane, 

2006). Therefore global identity, or connectedness with people around the world, offers a 

relevant perspective for inquiry.  

Furthermore, because research on individual behavior change shows promise for 

reducing human footprint and promoting environmental sustainability (Steg & Vlek, 

2009; Stern, 2000), it may be useful to focus our investigation of global identity in 

relationship to environmental sustainability-related attitudes and actions. Modifying daily 

sustainability-related actions can reduce greenhouse gas emissions significantly (Gardner 

& Stern, 2008; Laitner et al., 2009). Global identity may offer insights into how to 

promote or change environmental sustainability-related actions. 

Research on adolescents’ environmentally-related attitudes and actions has appeal 

for both conceptual and practical reasons. First, based on our prior formative research, we 
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believe that many adolescents are already more motivated than adults to make pro-

environmental behavior changes, possibly because they tend to believe they may be 

personally affected by environmental degradation, climate change and their associated 

political, health and economic impacts. Also, adolescence is a life stage when individuals 

are beginning to define their identities and control most of their own attitudes and 

actions. Establishing environmental sustainability-related attitudes and actions at this 

early age could have a larger positive influence when magnified over a lifetime. 

Moreover, schools are a particularly suitable setting for community-based behavioral 

interventions (Bandura & Adams, 1977), providing large audiences that are essentially 

“captive” in classrooms. Schools represent established communities through which new 

attitudes, norms, and behaviors could rapidly diffuse. Furthermore, teens are often 

considered early adopters of behaviors to promote environmental sustainability. Finally, 

research (e.g. Robinson & Borzekowski, 2006; Beatty & Talpade, 1994) suggests it may 

be more effective to target children and teens instead of parents when trying to influence 

family and household behaviors. Therefore, multiple reasons support focusing on 

understanding adolescents’ attitudes and actions and their relationship to environmental 

sustainability. 

A review of previous research on concepts, theories, and empirical work related to 

global identity suggests a relative dearth of studies in specifically linking global identity 

to environmental sustainability. Cosmopolitanism is an early idea resembling global 

identity; it refers to being a citizen of the universe or cosmos (Appiah, 2006). 

Cosmopolitanism has three fundamental positions - (1) the human being is the ultimate 

unit of moral concern; (2) moral concern applies equally to every human being; and (3) 

human beings are of special moral concern to everyone, beyond national boundaries 

(Pogge, 1992). Cosmopolitanism remains important in political philosophy debates on 

human rights and justice (Appiah, 2006; Nussbaum, 1996; Featherstone, 2003).   

Sociologists also study cosmopolitanism, mostly in the context of examining social roles 

in a global culture (Hannerz, 1990) and understanding trans-national social movements 

(McCarthy, 1997).   
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Other research has focused on educational and cultural experiences that would 

foster “world-mindedness” (Sampson & Smith, 1957). Like cosmopolitanism, world-

mindedness refers to values that rely on humanity as the principal frame of reference, in 

contrast to international-mindedness, which refers to interest in global events or news 

(Sampson and Smith, 1957). Sampson and Smith (1957) developed a reliable and valid 

120-point world-mindedness scale that covers eight categories: patriotism, religion, 

immigration, government, economics, race, education and war. This scale was later 

adapted to study concerns about nuclear threats (Der-Karabetian, 1992). Importantly, 

positive correlations have been shown using this scale between world-mindedness and 

pro-environmental commitment and behavior in college students (Der-Karabetian et al., 

1996).  

Similarly, “global human identity” is conceptualized as a sense of global 

belonging and awareness of global humanity and diversity (Der-Karabetian & Ruiz, 

1997). In a study on acculturation of Mexican-American adolescent students in the 

United States, those that embraced their Mexican and American culture – the bicultural 

group – scored higher on global-human identity (Der-Karabetian & Ruiz, 1997), 

suggesting that knowledge of more than one culture increases global identity. Arrow and 

Sundberg (2002), studying global peace and conflict, support this notion in their 

discussion of how international identity – identification with all peoples of the world – 

develops through relationships with people who live abroad, dual citizenship, and 

international travel. 

Environmental psychological theories of identity, attitudes and behavior are also 

relevant to global identity because they establish the important role of identity in 

environmental behavior change. Self-identity (Sparks and Shepherd, 1992), or how one 

describes oneself, in particular has been found to be positively related to pro-

environmental intentions and behaviors such as consumption of organic vegetables 

(Sparks & Shepherd, 1992); carbon offsets (Whitmarsh & O’Neill, 2010); and recycling 

(Mannetti et al., 2004).  

Prior research also indicates the importance of connectedness: the extent of an 

individual’s connectedness to nature is directly associated with her/his attitudes about the 
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environment (Schultz et al., 2002). Moreover, connectedness to humanity is directly 

predictive of concern for global humanitarian issues (McFarland et al., 2012). In a similar 

vein, we seek to investigate the relationship between connectedness to humanity through 

global identity, and local environmentally sustainable attitude and behaviors. 

The term “global identity” first appeared in United Nations (UN) literature and is 

described as “consciousness of an international society or global community transcending 

national boundaries, without necessarily negating the importance of state, nation, or 

domestic society” (Shinohara, 2004).  The UN aims to develop global identity to foster 

cooperative action against negative global phenomena such as war, epidemics, poverty, 

and environmental destruction, and enhance positive outcomes such as global justice 

(Shinohara, 2004; Great Transition Initiative, 2010). Environmental action in these cases 

can take the form of support for environmental agencies, and advocacy against 

environmentally destructive practices (Great Transition Initiative, 2010). 

Based on the research reviewed above, we propose that people who identify with 

humanity may be more likely to adopt or have already adopted environmentally 

sustainable outlooks and lifestyles to reduce their impact on the planet. To explore the 

nexus of global identity and attitudes and actions related to environmental sustainability 

among adolescents, we use an existing measure of global identity, previously validated 

among adolescents in the context of acculturation (Der-Karabetian & Ruiz, 1997). We 

first examine the psychometric performance of this measure in a contemporary high 

school sample of adolescents and then, to test correlational validity, assess its cross-

sectional and prospective relationships with sustainability-related attitudes and actions 

intended to reduce greenhouse gas emissions. We hypothesize that higher levels of global 

identity on this measure will be positively correlated with concurrent and future 

sustainability-related attitudes and a higher likelihood of taking greenhouse-gas-reducing 

actions.  

 

Method 

Participants in the study were public high school students in Palo Alto, California 

enrolled in eight class sections of a required course not directly related to environmental 
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sustainability. We used a course that is required for all tenth graders to provide a large, 

unselected population of students who were about the same age but of widely varying 

aptitudes and interest levels. Student assent and parent/guardian written informed consent 

were required to participate. The protocol was approved by the school principal and the 

Stanford University Administrative Panel on the Protection of Human Subjects in 

Research. Randomly selected classrooms of participating students completed a 20-

minute, self-administered survey in their classrooms. Global identity was assessed with 

five questions from Der-Karabetian and Ruiz’s study of acculturation in Mexican-

American students using their original six-point Likert-type response scales ranging from 

1 = disagree strongly to 6 = agree strongly (1997).  

1. I feel that I am living in a global village 

2. I feel that what I do could “touch” someone all around the world. 

3. I feel like I am “next door neighbors” with people living in other parts of  

the world. 

4. I feel that I am related to everyone in the world as if they were my family.  

5. I feel that people around the world are more similar than different.  

 

Questions about sustainability-related attitudes and actions were adapted from the 

Stanford Climate Change Behavior Survey (SCCBS), previously validated among college 

students (Armel et al., 2011). The survey included questions regarding frequency and/or 

intensity of specific environmental sustainability-related behaviors in the categories of 

home energy use, transportation, food, and waste. Seven behavioral categories were 

examined (see Table 3.1).  Examples of questions include: (1) About what proportion of 

the time do you use a clothesline or hanger to dry clothes instead of a clothes dryer? (1 = 

never,…5 = all the time); (2) During the day, what do you do with your computer when 

you are not using it for 20 minutes or more? switch off instead of putting it to sleep or 

having it set to sleep automatically, leaving it on, with the monitor/display off (so the 

screen goes black), leaving it on, with a screen saver that comes on, leaving it on, with 

the monitor on and no screen saver. (1 = never,…5 = all the time); and (3) Mark the 

answer corresponding to the number of one-way trips between your home and school in 
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the past week by car, truck, or van (alone or dropped off by someone else), 0, 1-2, 3-4, 5-

6, 7-8, 9-10, 11+.  Endorsement of attitudes valuing environmental sustainability was 

assessed with the item: Compared to other things in your life, environmental 

sustainability is, 1 = not at all important, 5 = the most important (Armel et al., 2011).  

 

Results 

 Of a total of 229 potentially eligible enrolled students, 165 provided parent or 

guardian consent and completed the surveys. Thirteen students completed an insufficient 

number of survey items to be included in the analysis, for a final analysis sample of 152. 

Mean ± standard deviation age was 15.5 ± 0.6 years, and the sample was 58% female, 

and 43% white, 37% Asian, 3% Latino, 2% Pacific Islander, 1% African-American, and 

14% Other.  

A principal components factor analysis with Varimax rotation on the five global 

identity items yielded a single significant factor (Eigenvalue = 2.61; accounting for 

37.3% of total variance), with all five items loading 0.44 or higher. The results were 

similar when tested for girls and boys separately. For girls the Eigenvalue of 2.82 

accounted for 38.9% of total variance, with all items loading 0.39 or higher. For boys, the 

Eigenvalue of 2.59 accounted for 37.0% of total variance and all items loaded 0.53 or 

higher. Mean ± SD of the five-item measure was 3.27 ± 0.91; for girls 3.33 ± 0.90; and 

for boys 3.19 ± 0.93, not statistically significantly different by Wilcoxon-Mann-Whitney 

test, p = 0.25.  

Cronbach’s coefficient alpha demonstrated satisfactory internal consistency for 

the five-item Global Identity index in the total sample (alpha = 0.74), and separately for 

girls (alpha = 0.75) and boys (alpha = 0.74).  Results of both the principal components 

factor analysis and the Cronbach’s alpha demonstrated similar performance in boys and 

girls and the appropriateness of including all five items and combining boys and girls for 

global identity in this sample. 

The stability of the global identity measure over time was assessed prospectively 

by repeating the survey seven weeks later in a subset of 76 students in four randomly 

selected classes. The measure produced moderate seven-week test-retest stability, 
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Spearman intraclass r = 0.53, p < 0.01 (r = 0.53, p < 0.01 for girls and r = 0.55, p < 0.01 

for boys).  

 

Table 3.1: Spearman Rank Correlation Coefficients (r) between Baseline Global Identity 

and Baseline and Subsequent 7-week Changes in Environmental Sustainability-Related 

Attitudes and Actions. 

 

Attitude or Actions 

 

Baseline 

(n=152) 

7-week Changes 

(n= 76) 

Importance of environmental sustainability 0.30*** 0.28* 

Proportion of time hang drying clothes instead of drying in a dryer 0.05 

 

0.12 

Proportion of time switching off energy-using devices when not in use 0.23** 

 

0.23* 

Number of car trips -0.08 0.03 

Number of meat meals consumed -0.01 -0.03 

Number of processed and packaged snacks eaten -0.08 -0.17 

Number of canned and bottled beverages consumed -0.17* -0.21 

Proportion of time using a reusable bottle 0.20* 0.26* 

*p < 0.05, **p < 0.01, ***p < 0.001 

 

To test the potential relevance of global identity to environmental sustainability, 

we assessed correlational validity. First, we tested the association between global identity 

and concurrent sustainability-related attitudes and actions using non-parametric 

Spearman correlation coefficients (see Table 3.1). As hypothesized, global identity was 

positively and statistically significantly correlated with reported importance of 

environmental sustainability, switching off energy-using devices when not in use, lower 

consumption of canned and bottled beverages, and greater use of a reusable drinking 

bottle. Correlations between the global identity measure and the four other measured 

actions were small and not statistically significant but in the expected directions.  

To test temporal precedence, we also used non-parametric Spearman correlation 

coefficients to see whether the global identity measure at baseline predicted changes in 
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sustainability-related attitudes and actions over the subsequent seven weeks in a 

prospective subsample of 76 students in four randomly selected classes. Results 

demonstrated that higher levels of global identity at one point in time (baseline) 

significantly predicted increases in favorable attitudes towards sustainability, increases in 

switching off energy-using devices when not in use, and increased use of reusable 

beverage bottles over the subsequent seven weeks. Correlations were not significant but 

in the expected directions for four of the other five actions assessed. These results suggest 

that global identity is both a cross-sectional correlate and prospective “risk factor”
85

 for 

positive attitudes and actions related to environmental sustainability.   

   

Discussion 

This study tested whether adolescents’ global identity, a feeling of connectedness 

to people around the world, is related to their attitudes and actions for environmental 

sustainability. We found that a global identity measure previously used in Mexican-

American adolescents (Der-Karabetian & Ruiz, 1997) exhibited good psychometric 

measurement characteristics in this new, more diverse sample of public high school 

students, with adequate internal consistency, moderate seven-week stability, similar 

performance in both boys and girls, and correlational validity. In particular, we found that 

global identity is positively and statistically significantly associated with concurrent 

attitudes about the importance of environmental sustainability, and actions involving 

switching off energy-using devices, reducing consumption of canned and bottled 

beverages, and increasing use of a reusable drinking bottle.  Global identity at baseline 

also prospectively predicted increases in the importance of environmental sustainability, 

switching off energy-using devices, and using a reusable drinking bottle over the 

subsequent seven weeks, thus demonstrating temporal precedence, a necessary criterion 

for causality. 

Broadly, this study begins to address the gap in research on global identity in the 

context of environmental sustainability. Environmental sustainability or sustainability 

                                                             
85 In health research, a risk factor is one that is correlated with increased risk or likelihood of a particular 

outcome (Kraemer et al., 2001). In our context, labeling global identity as a risk factor means it is 

associated with greater likelihood of environmentally sustainable actions and attitudes.  
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science scholars and practitioners may be able to extend this study in several ways, for 

example by using the construct in research surveys for more applied settings (e.g. UN 

educational and development programs), and applying it to different populations (e.g. 

adults, seniors). Given the potential health-related benefits of pro-environmental actions, 

such as improved diet and increased non-motorized transportation (Robinson, 2010), 

health promotion researchers and practitioners may also wish to extend this research to 

investigate health behavior implications of global identity and environmental 

sustainability research for adolescents.  

As hypothesized, our findings suggest that global identity has useful local 

behavioral implications evidenced by the changes in the specific daily sustainability-

related behaviors studied here. This study not only extends past research on global 

identity, it also fits well with emerging research directions, such as behavioral approaches 

relating to sustainability. Recent research indicates that identification with all humanity 

(McFarland et al., 2012), a measure similar to the one examined here, is helpful in 

encouraging local action toward global good. The focus on local action is critical, but we 

also acknowledge the need for more research on global identity to foster political 

cooperation globally between nations, multi-national corporations and other influential 

stakeholders (Cornelius, 2009). However, as the population segment with the most to 

gain, potential early adopters and future opinion leaders, and influencers of their families’ 

attitudes and behaviors, adolescents represent an important target for efforts to encourage 

global identity. 

Concepts such as global scale and sense of place may have interesting 

implications for global identity. For instance, Uzzell’s research on the psychological and 

spatial aspects of global environmental problems reveals that environmental problems 

that are further away from the subject are perceived to be more serious, and that people 

feel more powerless as the scale of the problem increases (2000). Future work could 

explore whether such scale issues affect global identity. Additionally, it would be useful 

to extend this research to investigate how global identity may offer an alternative or 

complement to place-based identities via place attachment and sense of place 

mechanisms - Trentelman (2009) offers a broad review of this literature.   
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This study is limited by its relatively small sample size, particularly in the 

longitudinal sample, use of only a single high school population, and a 34% non-

participation rate among all potentially eligible adolescents.  A larger sample with greater 

age, geographic, ethnic and socio-demographic diversity would allow testing of these 

hypotheses with greater statistical power and greater potential generalizability. However, 

while our sample did not include large numbers of African-Americans and Latinos, it did 

include a large proportion of Asians. A larger sample also might be able to test whether 

relationships differed in different subgroups of the sample, defined by demographics, 

social and cultural factors, as well as pre-existing attitudes and behaviors related to 

sustainability. Another limitation is the use of self-reports of attitudes and behaviors.  

While we have no reason to doubt the validity of self-reports from our sample, some 

attenuation of associations may have occurred due to measurement error, whether random 

or biased, from social desirability for example.  That is another possible explanation for 

the variability in associations. While it is possible that our null findings reflected a true 

lack of association, it is also possible that some of the weaker associations were due to 

measurement error.  It would be advantageous to test the relationships of global identity 

with objective measures of behavior. However, feasible, reliable and valid objective 

measures are not available for use in large population-based samples.  

A particular strength of this study is the longitudinal data. Few studies of global 

identity, or other psychological factors thought relevant to environmental sustainability, 

have tested relationships prospectively, demonstrating temporal precedence.  Temporal 

precedence is one key criterion for inferring causality, and defines global identity as a 

true “risk factor” for sustainability-related attitudes and behavior changes (Kraemer et al., 

2001). However, while strengthening the results, the prospective correlations should not 

be over-interpreted as proving causal relationships. The relatively short, seven week, 

follow-up might also have been too short to allow for sufficient changes in some of the 

sustainability behaviors. This is another potential explanation for some of the weaker 

relationships observed.  

Overall, however, the results of this study suggest the potential usefulness of 

considering and measuring global identity in studies investigating determinants of 
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environmental sustainability-related attitudes and behaviors among adolescents.  Future 

observational research can help examine whether global identity is associated with other 

sustainability-related attitudes and behaviors and different measures of these constructs, 

or others related to eradicating poverty, war, and global public health challenges, for 

example. Such results would help examine the specificity of these relationships and 

whether the associations are reproducible in different samples and settings. These studies 

could also begin to investigate whether global identity is independent of other potentially-

related constructs, such as empathy, altruism, and self-efficacy, in its relationship with 

attitudes and actions.   

Moderator analyses will help researchers identify those pre-existing 

characteristics (moderators such as age, ethnicity etc.) of individuals, groups or settings 

that interact with degrees of global identity to predict greater or lesser associations 

between global identity and attitudes and actions. These studies would help define those 

individuals, groups or settings that are potentially most appropriate to target with 

interventions designed to influence global identity. Mediator analyses would test whether 

global identity represents a potential mechanism or pathway to explain attitude, behavior 

or policy changes in response to campaigns and interventions, and/or the potential 

mechanisms linking global identity and attitudes and actions. 

Finally, these results suggest that global identity may be an appropriate 

intervention target for promoting sustainability-related attitudes and actions among 

adolescents.  Experimental studies can test interventions to increase global identity and 

test whether elevating global identity in turn leads to greater sustainability-related 

attitudes and behaviors. Only experimental studies can test causality and indicate whether 

this is a useful strategy. Experimental studies would also provide an opportunity to draw 

contrasts between global identity and other potential mechanisms underlying attitude and 

behavior change.  

 

Conclusion  

This study is the first to demonstrate the applicability of this global identity 

construct to environmental sustainability. An existing global identity measure proved 
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psychometrically sound, internally reliable, moderately stable, and associated with 

concurrent and future changes in sustainability-related attitudes and actions among a 

diverse sample of public high school students. These results suggest that global identity 

may play a role in the development of sustainability-related attitudes and actions and may 

represent an important mechanism of change or intervention target to increase 

environmental preservation practices among adolescents. 
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Conclusion  

Summary 

 Motivated by a desire to ameliorate climate change and energy security threats, 

my goal in this dissertation was to broadly explore the usefulness of addressing 

individual-level behavior change for greenhouse gas (GHG) reduction in the U.S. 

residential sector. I chose to study affluent individuals in California to reduce the GHG 

impact associated with their daily energy use without inconvenience or hardship. I 

investigated opportunities for GHG reductions through three studies with specific but 

related goals and distinct approaches. My first goal was to identify behavioral options to 

target for sizable GHG reductions in residential buildings. This study identified energy-

saving options within a thematic framework that, when taken together with the major end 

uses, provides guidance for targeting future interventions. This work took a user-centered 

perspective, which is helpful for understanding and overcoming barriers to behavior 

change. For my second study, I focused on changing home energy use, transportation, 

and food behaviors in high school students using a theory-based intervention 

administered in a school setting. I found the intervention to be effective in changing some 

energy-related behaviors among the population of interest. Next, I studied a mechanism I 

hypothesized would be important for energy-related behavior change: global identity, or 

connectedness to people around the world. This investigation revealed that global identity 

was indeed directly associated with energy-related behaviors, both at baseline and 

prospectively. Therefore, the dissertation was successful, producing promising overall 

findings by applying behavioral approaches to increase residential energy-saving 

behaviors.  

 

Contributions to Theory and Practice  

 Because this dissertation employed three distinct approaches to studying 

behavioral change, its contributions to theory and practice are diverse, although perhaps 
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lacking the depth that can come from a narrower focus. Contributions are summarized in 

Table C.1.  

 

Table C.1: Summary of contributions to theory and practice.  

In
d

u
ct

iv
e 

Identifying Opportunities for GHG Reductions through Behavioral Approaches  

 

Using mixed methods, identified over 100 energy-saving options and a thematic 
framework for guiding GHG reductions in major end uses 

 

Based on practice theory and design thinking, applied a user-centered approach that 

is useful for understanding barriers to behavior change 
  

Identified options for product design and redesign 

 

S
o
lu

ti
o
n

-

o
ri

en
te

d
  

Reducing GHGs through Behavior Change 

 

Demonstrated efficacy of a brief social cognitive theory-based intervention in 
changing adolescents’ energy-related behaviors to reduce GHG emissions  

 

Demonstrated efficacy of a community-based and school-based approach  

 

O
b

se
rv

a
ti

o
n

a
l 

 Understanding a Mechanism of Environmental Behavior Change 

 

 Showed an association between global identity and environmental behaviors  

 

Showed an association between global identity at one point in time and changes in 

environmental behaviors over a 7-week period 

 

One contribution to the energy-behavior literature and to practice theory is the 

application of a user-centered perspective for identifying opportunities for residential 

energy use reduction. Previous approaches have focused on technology and behavioral 

options, often from the perspective of research or industry (e.g. Gardner & Stern, 2008; 

Laitner, Ehrhardt-Martinez, & McKinney, 2009; Granade et al., 2009). We employed 

practice theory (Rouse, 2007) and design thinking (Rauth et al., 2010) to develop a user-

centered approach. One benefit of a user-centered perspective is a deeper understanding 

of the functions or needs that individuals are motivated to fulfill through their daily 

practices (Shove et al., 2007), of which energy use is, to them, often a side-effect. For 
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example, if a parent keeps the thermostat at a very warm temperature overnight, it may be 

for the comfort of a child; therefore, providing warmth to the child is the actual need, not 

the high space heating load. If the child can be kept warm using a sleeping bag-style 

blanket made of thermal mass-infused materials (consider combining a hot water bottle 

with a sleeping bag), the need would still be met, but with less energy. Similar to this 

example, designers can explore other opportunities for designing new products (e.g. a 

color-changing, light-sensitive roof paint), as well as redesigning existing products (e.g. 

wallpaper that can be insulating) with the awareness that human needs and energy-

savings can be accomplished simultaneously in innovative ways.
86

 Insights such as these 

may also allow researchers and intervention designers to focus on household functions 

and needs when designing interventions and instruments for ordinary adults and 

adolescents (not experts or extreme users), instead of focusing on energy reductions, as 

the latter may not be motivating or meaningful to ordinary individuals (see Fidler et al., 

2012).   

This dissertation also resulted in behavior changes in adolescents as a way of 

reducing GHGs through a real-world intervention. The contributions to practice are 

important, including demonstrating the efficacy of a social-cognitive theory-based 

intervention for energy-related behavior change. We also found a school-based approach 

to be useful: it leverages a captive audience and structured environment for delivery of 

the curriculum. Moreover, targeting adolescents is a useful strategy, as evidenced by their 

malleability in terms of identity formation, openness to change, influence over household 

behaviors, and potential for lasting impact through engagement with current and future 

groups such as college and workplace communities (Robinson & Borzekowski, 2006; 

Beatty & Talpade, 1994; Belch et al., 1985; Foxman et al., 1989). The curriculum study 

also illustrates the usefulness of a community-based approach, targeting the entire 

population rather than a small subset with high emissions, since a small percent change in 

an entire population is often higher in aggregate than a higher percent change in a smaller 

subsample (Rose, 1985). It is clear that this theory-driven, school-based, and community-

                                                             
86 Of course, the embedded energy of new products would need to be accounted for, such that embedded 

energy is less than the energy savings from production and use of the product.  



158 

 

based approach targeting adolescents is a powerful model for reducing GHG emissions 

and should continue to be used.   

I examined the role of an existing measure of global identity in a subsample of 

high school students from the intervention study and found the measure to be useful in 

two ways. Global identity is directly related to the pro-environmental behaviors tested, 

and global identity at one point in time significantly predicts changes in some of the 

behaviors. This study indicates the potential usefulness of studying global identity in pro-

environmental behavior studies. However, much more research would be necessary to 

show the extent of global identity’s appropriateness for understanding and changing a 

more complete range of pro-environmental behaviors.   

 

Guiding Questions for Future Research and Practice  

This dissertation explored three avenues for behavioral research and presents 

opportunities for future work. In this section I discuss the dissertation’s limitations and 

link them to future directions using guiding questions that are important for the field of 

energy and behavior change.  

 

How useful is our methodology for identifying options?  

Chapter 1 was an exploratory effort that has left several questions unanswered. 

The methodology or system of tasks and methods we developed for identifying options 

appears useful for generating a list of context-rich options from a user perspective that 

also draws from different cultures. However, our findings fail to create a full picture of 

opportunities in residential buildings. This work should be replicated until no new 

options are generated to ensure a comprehensive result. We could then create a database 

of findings and make it accessible to researchers, intervention designers, and product 

designers. Such a database could serve as a guide for targeting end uses, options and 

populations if the database were to be augmented with de-identified but demographically 

rich energy-use data, for example from the census or utilities. Given that the research for 

Chapter 1 took more than two years, moderated crowd-sourcing may offer an option to 
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generate ideas more quickly from individuals and organizations globally; such an effort 

could raise the profile of behavior change as a solution through competitions and 

cooperative efforts to populate the database quickly and with diverse options from myriad 

cultures. Researchers could then pursue some of the more interesting and impactful 

submissions as starting points for interviews.   

Our methodology could be extended to residential food and transportation 

behaviors. In a similar vein to Chapter 1, it would be useful to target extreme users and 

experts to examine innovations related to food and transportation efforts. Importantly, 

this methodology highlights the value of including experts, historians, and culturally 

varied subjects as interviewees to learn from past and current unique cultural 

perspectives. For food, this might entail interviewing vegans and vegetarians from 

different cultures, health and nutrition experts, food historians, fitness gurus, and raw 

food chefs. For transportation, the interview sample might include non-drivers, bicycling 

enthusiasts, public transit users, low-carbon transportation experts, transportation 

historians, and urban planners. Transportation studies could also build on previous 

studies on vehicle purchase and use behaviors (e.g. Turrentine & Kurani, 2004; Kurani et 

al., 1996).  

Based on the results of Chapter 1, I anticipate these studies of food and 

transportation behaviors might also yield rich results that help uncover important 

individual and systemic barriers and facilitators that influence the extent of food and 

transportation behavior change. Building on what we learned in the design and 

implementation of the study presented in Chapter 1, I would recommend including 

interviewees from institutional settings.  For example, we did not interview anyone in 

water bureaus or water heater manufacturing firms due to time constraints, but interviews 

within these sectors could be built into future studies so that systemic barriers that 

influence behavior are investigated more thoroughly and from a user-centered 

perspective.  
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How might we address the quantification gap?  

A major shortcoming of Chapter 1 is the lack of quantification of the options to 

create a more definitive guide for researchers and practitioners to follow; this work was 

beyond the scope of this dissertation, but remains critical. Unfortunately, the literature 

offers no comprehensive methodology for arriving at these quantifications. Moreover, the 

options we identified are different from the mostly technological options typically 

assessed in the energy efficiency literature, so a direct transfer from those studies would 

not be useful. However, my colleagues are exploring quantification options for a previous 

study (Roumpani, 2011); which quantifies the energy-saving potential of options in a 

previously constructed database of about 350 commonly recommended energy-saving 

actions. According to some experts we interviewed for Chapter 1, more expedient and 

reasonably accurate back-of-the-envelope quantification is a viable option, and I would 

recommend this as an immediate next step. A more comprehensive quantification scheme 

for energy behaviors is likely to be tedious but worthwhile, as it would contribute to the 

literature gap by providing a rigorous option for prioritizing options, and allowing 

intervention designers to optimally target future interventions.  

There are alternatives to quantification in the near term; these entail examining 

energy impacts broadly. It is possible to identify end uses and sectors to focus on based 

on existing information, in two ways. First, we already know that within the U.S. 

residential sector, HVAC accounts for 54% of energy use, and water heating accounts for 

18% (U.S. Department of Energy, 2008). Therefore, one strategy may be to focus the 

majority of future efforts and resources on these two largest end uses for a total possible 

reduction of up to72%. For the smaller end uses, researchers could choose one high-

impact action to address, for example, clothes drying is by far the biggest offender in the 

cleaning category. A second strategy might be to focus on the largest sources of global 

GHG emissions and focus on local behavior changes that can help mitigate them, perhaps 

using a global identity framing. For example, Goodland and Anhang (2012) assert that 

the livestock (the meat and dairy) sector accounts for 51% of GHGs. Moreover, 45% of 

global land is used for livestock (Thorton et al., 2011). The U.S. figure for food emissions 

is debated but approximately 15-20% per capita (Carlsson-Kanyama et al., 2003; Kim & 
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Neff, 2009). Researchers and practitioners could target meat and dairy reduction across 

the residential sector to reduce GHG impact from those behaviors, thereby promoting a 

bottom-up shift away from animal-based diets to reduce climate change and put pressure 

on suppliers to provide more plant-based options. One indication that this shift might 

already be underway is the influx of faux meat startup companies in the U.S. (e.g. Bort, 

2012). Another important perspective to consider when targeting food-related behaviors 

is health, which could be a salient way to frame climate change issues (e.g. Maibach et 

al., 2010). Therefore, instead of waiting for rigorous and comprehensive quantification 

tools to be developed, researchers and intervention designers can target the high-impact 

behaviors related to food, HVAC, and water heating.  

 

How might we better understand and overcome barriers?  

It is well known that overcoming barriers is important for achieving behavior 

changes relating to climate change and energy (Kotler & Zaltman, 1971; Becker, 1974; 

Rosenstock, 1974; Bandura, 1986; Mckenzie-Mohr & Smith, 1999; Swim et al., 2009; 

Gifford et al., 2011; Gifford, 2011). Although the research presented in this dissertation 

offers some insights about barriers, there is room for more research to identify and 

overcome specific barriers. Barriers identified through our approach in Chapter 1 were 

not only behavioral, but include institutional, technological, and those related to social 

norms, confirming the view that (1) behavior is embedded in societal systems, and (2) 

multiple contexts matter (Gram-Hanssen, 2009; Stern, 2005). Moreover, understanding 

existing energy-related mental models—a person’s notion of a system, its structures, and 

its processes (Norman, 1983) — and creating new ones may assist with implementing 

many of our findings. More deeply understanding and ultimately removing barriers, when 

possible, requires approaches that use exploratory methods. Such methods produce 

qualitative data, which also contributes to theory building and better intervention design, 

after which experimental and other methods can be applied for actually changing 

behavior.  

I recommend two types of studies to elucidate barriers further. First, an 

ethnographic approach would help develop a deeper understanding of in-home behavior 
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and institutional contexts, barriers, and facilitators. Ethnographic studies, which are 

effective in providing rich description (Geertz, 1973) could help provide insights into 

social and cultural norms that influence household energy behaviors. Once norms are 

better understood, interventions could be developed to shift those norms or frame 

behavior changes in congruence with the norms. Past research suggests that interventions 

that are theoretically based may be most effective in this kind of situation, using 

frameworks such as social cognitive theory (Bandura, 1986), which has been proven to 

change behavior and overcome barriers, and social norm theory (Perkins and Berkowitz, 

1986), which changes behavior by elucidating misperceptions about norms, similar to 

cognitive dissonance. If people are overestimating how important cleanliness is, for 

example, they may reduce their obsession with cleaning and laundry once this 

misperception is revealed. Ethnographic studies and participant observation would also 

be useful to better understand individual-level barriers such as lack of information or 

skills, physical constraints within the home, safety hazards, and so on.  

A second approach would be a hybrid of ethnographic and interview-based 

approaches employed with the intent of informing future interventions and thereby 

contributing to practice. Fortunately, pilot work for Chapter 1 revealed some insights 

about how to develop such a hybrid method.  Useful techniques include activity-based 

approaches (where subjects keep logs of their activities and answer questions based on 

the information they record); scenarios and simulations; and preliminary questionnaires 

and surveys (e.g. Turrentine & Kurani, 1995; Kurani et al., 1996), as well as activity flow 

analysis, brainstorming with people in their homes, cognitive maps, spatial behavior 

analysis, photo surveys, artifact-based questioning, role plays, games, word-associations, 

and the 5 why’s (asking why until a core, abstract value, motivation or need is revealed) 

(IDEO, 2003). These techniques, deployed through quasi-ethnographic studies that 

combine traditional ethnography techniques such as rapport-building and observation 

with interview questions and activity-based approaches could help elicit the barriers and 

facilitators relevant to adopting energy-saving options, and help with the redesign and 

deployment of these options through interventions and other channels.  
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How might we design better interventions? 

In Chapter 2, we did not change all targeted behaviors and did not test long-term 

behavior changes; rather we decided to focus our efforts and to develop and test an 

intervention with potentially measurable short-term outcomes. In future work, we 

recognize the importance of widening the scope of behaviors to address and lengthening 

the temporal commitment to ensure complete and lasting behavior change through future 

interventions. Future efforts should first iteratively test the individual activities from the 

curriculum intervention reported in Chapter 2 to ensure that behavior changes can be 

achieved for all targeted behaviors. If not, the activities could be iteratively revised until 

they are effective.
87

 Secondly, behavior changes should be measured over time to assess 

persistence. Persistence literature shows inconclusive effects (Ehrhardt-Martinez, 2010; 

Leighty & Meier, 2010); it would be important to study how to achieve long term 

behavior changes before this model is scaled. Exploratory methods such as ethnography, 

as well as interviews could be useful in understanding how much persistence occurs and 

what factors in the home and school are influential, beyond the knowledge that real-time, 

specific feedback is important (Ehrhardt-Martinez, 2010). Ensuring sustained behavior 

change would also be more cost-effective and impactful in terms of GHG reductions, 

helping establish behavior change as an effective approach.  

Our school-based approach had some notable benefits but was not without its 

practical difficulties that prevented a more polished intervention. For example, we would 

have preferred more time for goal-setting and reflection during our intervention, since 

only 40% of our students wrote down their goals. If possible, future work should 

incorporate extra time for setting goals and sharing them, which enhances behavior 

change (Latham & Saari, 1979). If opportunities are available, I would recommend 

adding a mentoring or “buddy” component to allow students practicing behavior changes 

to feel more inspired and supported by their peers who have been exposed to the 

curriculum previously. If such flexibility is possible, perhaps in more informal 

educational settings or in after-school programs, mentoring and modeling of the behavior 

                                                             
87 This may be a complex undertaking depending on the different characteristics of schools with regard to 

targeted behaviors, the level of customization necessary for diverse school populations, and the amount of 

classroom time ultimately available in each school.  
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should be added because it can enhance behavior change by improving self-efficacy 

(Bandura, 1997). Lastly, future efforts should explore more motivations for behavior 

change; in Chapter 2 we focused on two: climate change and energy security. Health, 

animal welfare, and religion (Robinson, 2010; Maibach et al., 2010), for example, could 

be tested as motivating frames for future interventions with adolescents, and could be 

tested as potentially salient motivators for meat reduction in particular.  

Scalability is also important when designing interventions. We chose a school-

based approach to build in opportunities for scaling through the school system. However, 

Chapter 2 reported an initial pilot study, so we did not attempt to scale the curriculum as 

part of that implementation. The level of customization also needs to be determined. 

Other concerns include the different lengths of lessons, difficulty of access to classrooms, 

as well as the level of training and expertise required to teach the curriculum. In order for 

these barriers to be overcome, a top-down approach may be necessary to educate and 

empower school boards, parents, and teachers, and perhaps train teachers to customize 

the curriculum for their students. A top-down approach would also raise the profile of 

energy-related behavior change curricula so that such curricula can be adopted state-wide 

in California and subsequently, nation-wide. Holding a national competition annually 

may be another way of achieving this higher profile. In this regard, it would be useful to 

learn from the Cool California Challenge, a competition currently being implemented by 

U.C. Berkeley and the California Air Resources Board with ten municipalities in 

California (Jones, 2011). For example, a similar initiative could be launched in schools, 

or perhaps linked with the Cool California Challenge, or our curriculum could be 

included as part of school-based components of the challenge to explore scalable GHG 

reductions.  

In Chapter 3 I explored the utility of global identity as a mechanism of energy-

related behavior change. Although the measure was correlated with the energy behaviors 

I tested, more work is needed to understand how global identity could be effective in 

energy-behavior studies. First, it should be tested with more energy-related behaviors to 

see the full range of associations. Second, it might be useful to study if global identity 

mediates behavior change, by adding a global identity-related component to the 
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curriculum intervention, for example an international pen-pal or discussions in a global 

network of curriculum recipients. Keeping the global identity instrument in the 

curriculum could further explore how different school populations score on this measure. 

Global identity could also be included in other types of interventions and studies, for 

example in studies conducted with global organizations such as the Intergovernmental 

Panel on Climate Change (IPCC) or the World Health Organization (WHO) or World 

Wildlife Fund (WWF) to understand if global identity is present and if it predicts energy-

related behaviors in employees as a way to test the potential for mainstreaming energy-

saving behaviors in these large organizations.  

More broadly, integrating the studies I report here into one intervention might be 

a fruitful undertaking. For example, Chapter 1 and 3 could be thought of as steps to 

designing a robust intervention, with Chapter 1 serving as formative research, and 

Chapter 3 as a component of the intervention developed in Chapter 2. Specifically, using 

the methodology from Chapter 1, researchers can identify target behaviors and adapt 

them for adolescents. Next steps would include quantifying and prioritizing the behaviors 

and making them amenable for adolescents, or following the rules of thumb I outlined 

earlier i.e. focusing on HVAC, water heating, and food behaviors. Observational studies 

such as the global identity one, as well as single-variable experiments could be embedded 

in the intervention to allow the assessment of several individual mechanisms (such as 

self-efficacy, goal-setting, and feedback) simultaneously, using specific questions in the 

survey or smaller surveys administered before and after specific curriculum activities, as 

was done with the clothesline relay race (see Chapter 2). This approach, although 

potentially time-intensive and complex to implement, could prove rewarding for both 

theory and practice, allowing many variables to be tested at once, adding more rigorously 

evaluated intervention studies to the literature, and achieving GHG reductions. Although 

the issues of persistence and more effective activities would need to be addressed first, 

this approach remains an interesting larger vision for how to better design interventions.  
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Closing Thoughts  

This dissertation has taken modest but important steps to explore behavioral 

approaches to GHG reductions in the residential sector through energy use reduction. 

This work reveals some benefits of a behavioral approach, such as an effective theory-

based intervention that achieves actual GHG reductions, a user-centered perspective and 

inductive thematic framework to better understand and categorize energy-saving options, 

and opportunities for exploring global identity with respect to pro-environmental 

behaviors. However, as is often the case with science, this dissertation has identified 

additional questions to be answered, and I trust that future work will build on the 

foundation laid by this research. With concerted efforts to address the gaps in theory and 

practice outlined here, individual-level behavior change has the potential to make many 

more contributions to lowering GHG emissions.  
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