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Abstract Environmental problems are growing, and efficiency and technology improvements have failed to reduce them in aggregate. Sustainable consumption, the alternative to supply-side improvements, addresses consumer demand and behavior to reduce environmental impacts. This study attempts to determine whether the EcoRunner website tool can increase pro-environmental consumer behavior. To provide context for this interdisciplinary research question, an extensive literature review, focusing on economics and psychology (especially consumer science), was conducted. The effect of EcoRunner on consumers was empirically evaluated with a survey. The results of the survey show no statistically significant changes as a result of using EcoRunner; however, this result may be due to the small sample size (n=6). Since literature review and survey results suggest that using the tool increases pro-environmental consumer behavior, rerunning the survey with a larger sample group might yield statistically significant results.   
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Executive summary Global environmental problems such as climate change and biodiversity loss are growing. So far, industrial ecologists have focused on technology and production to reduce environmental impacts. Sustainable consumption, on the other hand, emphasizes consumption and human behavior. As a complex phenomenon, consumption has been addressed by several academic disciplines, and consequently perspectives on consumption are diverse. The EcoRunner website has been developed to communicate with consumers and other stakeholders and encourage pro-environmental behavior. The tool has been designed to model direct and indirect environmental effects of household consumption. At the time of writing, such a tool has been implemented and is undergoing the first stage of user testing. The model calculates emissions of carbon dioxide equivalents, nitrogen emissions, and energy use based on the user’s spending. Users then receive feedback on both their budget and the environmental impact of their spending. The aim of this study is to examine the effect of the EcoRunner website on its Swedish users conceptually through literature review and empirically through user testing of the website. The investigation was conducted using methodology from systems science to integrate theories and methods from a variety of academic disciplines, namely economics, psychology and industrial ecology. In general, the boundaries of the study have been determined by characteristics of the EcoRunner website, as this tool inspired the present investigation. While other sustainable consumption strategies, such as eco-labels, have been empirically studied in the past, there appears to be little scientific literature regarding the effect of these website tools on their users. As a result, this study provides information on both conceptual frameworks with explanatory power for the relationship between environmental product information and consumer behavior as well as a first attempt at empirical investigation. Literature review has identified several important frameworks, including the rational consumer choice model from conventional microeconomics, deviations from this model described in behavioral economics, and two psychological models, the theory of planned behavior and value-belief-norm theory. In general, it seems pro-environmental consumer behavior can be understood as a product of attitudinal factors, such as values, attitudes and beliefs, and context, for example institutions, prices, income, and personal abilities. The effect of EcoRunner itself on consumers was evaluated with a survey. Results show no statistically significant changes as a result of EcoRunner use; however, this result may be due to the small sample size (n=6). Since literature review and survey results suggest a change will occur, rerunning the survey with a larger sample might demonstrate EcoRunner’s ability to increase pro-environmental consumer behavior.  



Sammanfattning Globala miljöproblem såsom klimatförändringar och förlust av biologisk mångfald ökar. Hittills har strategier för att minska miljöpåverkan fokuserat på teknik och produktion, medan konsumtion och människors beteende inte har fokuserats på. De tidigare två har varit i fokus för industriell ekologi, medan de två sistnämnda har varit i fokus för en hållbar konsumtion. Konsumtion i sig är ett komplicerat ämne, som har behandlats i flera akademiska discipliner och uppfattas på flera olika sätt. Syftet med denna studie är att undersöka effekten av EcoRunner hemsidan på svenska användare genom litteraturstudie och användartester av hemsidan. Undersökningen genomfördes med hjälp av systemvetenskapliga metoder för att integrera teorier och metoder från en rad relevanta akademiska discipliner, nämligen ekonomi, psykologi och miljövetenskap. I allmänhet har gränserna för studien fastställts av egenskaper hos EcoRunner hemsidan, då det här verktyget ligger till grund för denna undersökning. Eftersom EcoRunner verktyget är avsett för en svensk publik, anses den svenska befolkningen utgöra basen för undersökningen. Medan andra strategier för hållbar konsumtion, till exempel miljömärkning, har studerats empiriskt i det förflutna, verkar det finnas lite vetenskaplig litteratur om vilken effekt webbaserade verktyg har på sina användare. Som ett resultat av detta ger denna studie information om såväl teoretiska ramar med förklaringsvärde för sambandet mellan produktinformation med inriktning mot miljö och konsumenternas beteende samt ett första försök till empirisk undersökning.  Litteraturstudien har identifierat flera viktiga ramar, inklusive den rationellna konsumentvalsmodellen inom konventionell mikroekonomi, avvikelser från denna modell beskrivs i beteendevetenskaplig ekonomi, och två psykologiska modeller, teorin om planerat beteende och värde-tro-norm teorin. I allmänhet verkar det som att miljövänligt konsumentbeteende kan ses som en produkt av psykologisk faktorer, såsom värderingar, attityder och föreställningar, och kontextuella faktorer såsom institutioner, priser, inkomst och personliga förmågor. Effekten av EcoRunner på konsumenterna utvärderades med hjälp av en undersökning av utvalda användare. Resultatet av undersökningen visar inga statistiskt signifikanta förändringar till följd av att EcoRunner används, men detta resultat kan bero på den ringa urvalsstorleken (n=6). Sedan litteraturstudie och resultat tyder på att en sådan förändring kommer att ske, kan undersökningen göras om med en större provgrupp vilket kan ge statistiskt signifikanta resultat.  
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1 Introduction 

1.1 Background In recent years, human activities have been responsible for global environmental problems with important long-term consequences. The scale of contemporary human activity is described below: 
Farming, logging and building have transformed between a third and a half of the world’s land 
surface, and even these figures probably understate the effect, since land not being actively 
exploited may still be fragmented. Most of the world’s major waterways have been diverted or 
dammed or otherwise manipulated—in the United States, only two per cent of rivers run 
unimpeded—and people now use half the world’s readily accessible freshwater runoff. Chemical 
plants fix more atmospheric nitrogen than all natural terrestrial processes combined, and fisheries 
remove more than a third of the primary production of the temperate coastal waters of the oceans. 
Through global trade and international travel, humans have transported countless species into 
ecosystems that are not prepared for them. (Kolbert 2009, 58) According to the Millennium Ecosystem Assessment (MEA), “Over the past 50 years, humans have changed ecosystems more rapidly and extensively than in any comparable period of time in human history ... This has resulted in a substantial and largely irreversible loss in the diversity of life on Earth” (2005, 2). While consequences for wild species merit consideration, generally the significance of impacts is discussed in terms of human well-being. Figure 1 illustrates the connection between biodiversity, ecosystem services, such as food and fresh water, and human well-being. Since ecosystem services are provided by specific organisms, these services are reduced or lost as species edge closer to extinction. For example, the ecosystem service pest control is reduced as the population of Indiana bats in the United States declines. The relationship is complex, but the status of biodiversity as foundational for ecosystem services and consequently human well-being is clear. The MEA concludes that significant changes are necessary to mitigate future impacts, and significant opportunities for mitigation are still available, for example, eliminating poverty and investing in public education and health. However, biodiversity is forecasted to decline overall, even if certain ecosystem services may improve (MEA 2005, 18).  Similarly, the Intergovernmental Panel on Climate Change (IPCC) has attributed climate change to human activities and estimated future impacts. The most recent report from the IPCC states first that “Warming of the climate system is unequivocal” (IPCC 2007, 2) and second that recent warming is “very likely due to the observed increase in anthropogenic GHG [greenhouse gas] concentrations” (5). With respect to climate change, specific effects are unclear due to the complexity of natural systems. Nevertheless, the IPCC has identified current and future areas of concern. Contemporary regional impacts from climate change include increasing heat-related mortality in Europe and changes in infectious disease vectors (3). If climate change proceeds unabated, potential impacts include regional shifts in cereal agriculture productivity, increased damage from floods and storms, and strained access to potable water (10). The IPCC concludes that 



Contents 

2 

further climate change is inevitable, but atmospheric GHG concentrations can be stabilized in the future with current or soon-to-be-available technologies (IPCC 2007). These comprehensive reports by the IPCC and MEA credibly illustrate the seriousness and scope of environmental problems along with the need for mitigation and adaptation. 

 
Figure 1: Linkages between ecosystem services and human well-being. 
Source: MEA 2005, vi. While some believe improved technology can solve environmental problems, others argue that decision making and human behavior play a crucial role. The IPAT equation has been used to frame the debate on reducing environmental impacts. It defines environmental impact (I) as the product of population (P), affluence (A) and technology (T) (Chertow 2001, 15), 

I  =  P  ×  A  ×  T. The IPAT equation is often used to advocate a technological path to sustainability (Chertow 2001), where sustainability is defined as meeting “the needs and aspirations of the present without compromising the ability to meet those of the future” (WCED 1987, 51). Affluence and population growth may be too difficult and unfair to reduce, respectively, which leaves technology by the process of elimination (Chertow 2001). However, humanity has never possessed as much technological sophistication as it currently does. At the same time, comprehensive reports such as those described above show that environmental problems are growing in significance rather than 
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diminishing. In his famous 1968 article, Garrett Hardin characterized environmental problems as having “no technical solution” (1243). The basis of this characterization was the now-famous tragedy-of-the-commons scenario. Instead of technical solutions, Hardin advocates for a shift in values or morality with social agreements as the expression of this extended morality. Strategies that influence consumer behavior can be classified as sustainable consumption, which addresses the contribution of consumption, rather than production, to environmental problems. Eco-labels and websites are two methods of providing environmental information to consumers in order to influence their behavior. Eco-labels are small symbols placed on the packaging of environmentally friendly products, so consumers know at the point-of-purchase that the product has less environmental impact. Organizers hope consumers’ environmental values and attitudes will lead to purchasing products with lower environmental impacts; the result should be less impact on the environment overall (Jackson and Snowdon 1999). However, empirical evidence justifying this strategy is lacking or contradictory (Bjørner et al. 2004). Also, deciding between two comparable products is not always the decision with the greatest environmental significance. Much more important are decisions about what kinds of products to buy (Brower and Leon 1999). The decision to stop eating meat, for example, leads to far greater environmental benefits than a decision to purchase locally grown versus imported vegetables (Weber and Matthews 2008). While eco-labels cannot address these types of decisions, website tools can. In the context of sustainable consumption, websites are potentially more useful than eco-labels for providing information to consumers.  Several recently developed website tools provide feedback to consumers on the environmental impacts of household consumption. These tools provide information tailored to the specific user. For example, the Global Footprint Network’s website calculator asks users to describe their typical consumption habits and returns an estimate of global hectares required to support this level of consumption (GFN 2009). A global hectare is a non-physical unit of measurement developed by the creators of the ecological footprint assessment method; it is a hectare with world average bioproductivity (Wackernagel et al. 2002, 9266). To influence consumer behavior in the context of sustainable consumption, a new, web-based tool has been developed in the Household Metabolism research project. This research project is a cooperative effort between the KTH’s Industrial Ecology department and the Center for Consumer Science at the University of Gothenburg. EcoRunner is composed of EcoRunner-Total and EcoRunner-Purchase (EcoRunner-Köp) with both models integrated into a single website. EcoRunner-Total uses input-output life cycle assessment (IO-LCA) to calculate greenhouse gas emissions, nitrogen emissions and energy consumption for a wide variety of consumer products and services. EcoRunner-Purchase uses process-based life cycle assessment (LCA) to compare pollutant emissions and energy use from products manufactured in different countries, for example Spanish versus Swedish tomatoes (Frostell et al. 2009). EcoRunner-Total provides information about product categories while EcoRunner-Purchase provides information about comparable products. At the time of writing, researchers in the Household Metabolism project have developed a first version of the EcoRunner tool, and the tool is undergoing the first iteration of user testing. 
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There is a lack of research on consumer interaction with new, web-based informational tools. Specifically, such tools offer tailored feedback on consumers’ actions, and they provide strategic information which addresses higher level purchase decisions. An important two-part question is, “How can the interaction between consumers and web-based tools for sustainable consumption be conceptualized? What factors are important for affecting the outcome?” Sustainability studies are steadfastly interdisciplinary, and it seems natural to look to other disciplines for guidance on conceptualizing these phenomena. Two other disciplines seem especially relevant: economics and psychology, especially consumer science. A central theme within both economics and consumer science is the purchasing decisions of individuals. This project investigates the effect of the EcoRunner tool on its users with an interdisciplinary research perspective. 
1.2 Aim and objectives This study will examine whether feedback from the EcoRunner website influences the purchasing behavior of its Swedish users. The project aim will be achieved by the following objectives: 1. Identify and describe the mainstream conceptual frameworks from economics and psychology which explain how such feedback influences consumer behavior. 2. Evaluate user interaction with EcoRunner empirically. a) Study how interaction with EcoRunner affects Swedish consumers’ willingness to change their purchasing behavior. b) Examine the effect of demographic factors. c) Examine the effect of core environmental beliefs using an abbreviated form of the New Ecological Paradigm (NEP) scale2. 
1.2.1 Hypotheses The number in front of the hypothesis corresponds with the objective to which it refers. 1. The conceptual frameworks for the interaction between consumers and environmental product class information will differ significantly between economics and psychology. 2a. Use of EcoRunner will increase participants’ willingness to change their purchasing behavior. 2b. Females and younger participants will show greater willingness to reduce their environmental impacts through purchasing decisions. 2c. Consumers who rate higher on the NEP scale will show a greater willingness to change behavior. 
1.3 Research methodology The term methodology itself deserves some discussion, since it is often used with a variety of meanings. Merriam-Webster defines methodology as “1. a body of methods, rules and postulates employed by a discipline: a particular procedure or set of procedures; 2. the analysis of the principles or procedures of inquiry in a particular field” (Merriam-Webster 2009). In the following                                                              2 The NEP scale is discussed in detail in section 4.1.2.3 “Value-belief-norm theory” (pp. 62–63) and section 4.1.3.7 “Beliefs” (pp. 72–73). 
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discussion, the second definition of methodology from Merriam-Webster is addressed, especially the principles of inquiry for this research project. Procedures are described in section 3 “Methods.” A systems approach is used to integrate methods and conceptual frameworks from different scientific disciplines. The systems approach is especially useful in the context of sustainability research for several reasons. First, it allows for theoretical and methodological pluralism, which seem necessary for understanding and investigating interdisciplinary research problems. Since 
environment is a concept that crosses many traditional academic boundaries, research projects often need to grapple with theories and methods from more than one academic discipline. Second, the epistemology of systems science can be called constructivism, where objective reality is not knowable; instead, knowledge is socially constructed. Consequently, results are judged by their effectiveness at addressing the problem situation as opposed to their “correctness.” While this approach may seem to contradict scientific convention, its application does not exclude the crucial scientific characteristic of refutability. Finally, it follows from the constructivist framework that system boundaries are arbitrary. As a result, stakeholders have a significant role in determining system boundaries (Olsson and Sjöstedt, 2004). In summary, the systems approach is highly compatible with studies related to sustainability where social and natural sciences must be applied simultaneously to interdisciplinary research problems, and diverse stakeholders are involved in and impacted by the research. Although several academic disciplines have developed theories and research methods for understanding and investigating consumption (Jackson 2005; OECD 2002, 61), data collection and analysis in this study come mostly from the social sciences, since a survey has been used to evaluate user reactions to the EcoRunner tool. The methods used in the social sciences are fundamentally different from those in the natural sciences, since the phenomena under study are often not available for direct observation. A smile, for example, is not equivalent to the emotional state of happiness, and spoken words are not the same as cognitive processes. In both examples, the observable phenomenon is connected to the phenomenon under study but is not the phenomenon itself. Since empirical observation is not possible, researchers collect data on observable phenomena and build statistical models of the phenomena under study. In other words, the processes under study are reduced to statistical models. As a result, researchers can only make inferences about psychological, social or economic processes based on statistical models. In order for results to be meaningful, the collected data must accurately represent the phenomena under study, and statistical models must fit these data well (Field 2005, 2). Conclusive results are elusive, but just as in the natural sciences, truth is revealed over time through an iterative research process. A short introduction to statistical analysis in social sciences is provided in Appendix B. In their research guidebook, Leedy and Ormrod identify two basic assumptions that underlie most scientific research. First, phenomena are “somewhat lawful and predictable” (2005, 5) as opposed to being random. Second, the phenomena under study can be explained by specific cause-effect relationships (5). These two assumptions underlie the present work, as well. In addition, the following assumptions have been made: 
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• Compared to other information-based sustainable consumption strategies, the ability to provide tailored feedback and environmental information about product categories are the most important distinguishing characteristics of the EcoRunner tool. 
• Psychology and economics are the two academic disciplines with the most relevant theories for understanding how EcoRunner might facilitate pro-environmental consumer behavior. 
• Cultural and language differences between the United States (the author’s home country) and Sweden (the location of research) are not significant enough in the context of this study to merit detailed analysis. In other words, language and cultural differences do not cause a significant loss of meaning. 
• Fundamental psychological processes important for consumer behavior are not qualitatively different according to culture or location. Cultural influences may be important, but the structure of processes is assumed to be universal in humans rather than a function of culture. Each of the above assumptions is open to debate. For example, the first assumption could be invalidated if the medium of communication significantly affects how consumers react to environmental messages. In that case, research should focus on how consumers process information from hardcopy material and eco-labels compared to information from the Internet. Due to time and resource limitations some questions could not be evaluated with thorough, critical analysis. 

1.4 Study limitations As discussed in the previous section, system boundaries are arbitrary and therefore best determined by stakeholders when using a systems science approach. This research project is conducted at the end of the development phase and beginning of the testing phase for the EcoRunner tool. The main stakeholders for this research are the Household Metabolism research group, and findings are intended to facilitate their research and further refinement of the EcoRunner tool. As a result, boundaries of the present study follow from the salient characteristics of the EcoRunner tool. For example, EcoRunner addresses a Swedish audience, so Swedes are the most significant population in this study. Conceptual frameworks and strategies are reviewed with the EcoRunner tool in mind so that potentially useful strategies which the EcoRunner tool cannot employ are usually not addressed. Also, the EcoRunner tool connects consumer spending to environmental impacts. As a result, EcoRunner communicates about acquisition activities exclusively as opposed to recycling habits, for example. Within the EcoRunner tool, EcoRunner-Purchase has been excluded from the present study leaving EcoRunner-Total as the sole focus. This emphasis follows the current emphasis of Household Metabolism research group. Another significant aspect of EcoRunner-Total is its provision of environmental information about product categories rather than comparable products. These are some of the specific EcoRunner characteristics which have influenced the present study. In general, the question of web-based environmental communication has been interpreted in the context of the EcoRunner tool as presently developed. 
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1.5 Relevance This study adds depth to research on the relationship between environmental product information and consumer behavior. Research has yet to show a clear link between eco-labels and consumer behavior even though eco-labels have been in use since the early 1990s. Moreover, little research has investigated this relationship when websites are the medium of communication. EcoRunner, as a new web-based tool, provides a context for investigating these questions further.  





2 Literature review 

2.1 Framing sustainable consumption One broad approach to the environmental problems discussed in the introduction is sustainability or sustainable development. Unfortunately, both of these terms have ambiguous meanings. Harper and Graedel write, “Sustainability is notoriously difficult to define and to characterize … Specifically, it is challenging to characterize what qualities and quantities should be sustained and the timeframe for which these items should be sustained” (2004, 435). Sustainable development, at least, has an often quoted definition, even if it is also often debated. Sustainable development is commonly defined as development that “meets the needs of the present without compromising the ability of future generations to meet their own needs” (WCED 1987, 24). In this definition the word needs can be interpreted widely to mean anything from the minimal resources required for survival to maintaining quality of life, even in affluent industrialized nations. As a result, sustainability has a socially constructed definition. In general, sustainability is considered to have three aspects: social sustainability, technical/economic sustainability, and ecological sustainability (Strandberg and Frostell 2006, 235). Generally, developed countries emphasize ecological sustainability while developing countries emphasize social and economic aspects (234). For the purposes of this study, the ecological aspect of sustainability is emphasized. Sustainability is defined as ecological sustainability, where human activities remain within the limits of ecological carrying capacity. Carrying capacity is the population size a given habit can support based on available resources and characteristics of the particular species—human in this case (Encyclopædia Britannica Online 2009). Implicit in this perspective is the strong sustainability position, discussed below. In defining sustainability, there is an important distinction between strong sustainability and 
weak sustainability. These two conceptions of sustainability are distinguished by the belief that human capital either can or cannot substitute for natural capital (Lawn 2003). First, the term 
capital comes from the field of economics; it is defined generally as a “means of production” (Daly and Farley 2003, 17). Ecological economics, a sub-discipline of economics, has defined capital more generally as “a stock that yields a flow of goods and services into the future” (17). This expanded definition allows for the distinction between human capital and natural capital; however, both definitions describe capital as fuel for production. Human capital includes the ability to do manual labor, professional training, and social institutions. Natural capital includes natural resources and ecosystem services briefly described in figure 1, for example, minerals, water, and climate regulation. Under the weak definition of sustainability, human capital can substitute for natural capital. The mechanism of this substitution is usually technology. For example, water purification is a valuable service provided by natural systems, but this service is also performed by drinking water treatment plants using human capital. Under weak sustainability, depleted natural resources and declining ecosystem services are not a cause for concern as long as there is enough human capital to fully substitute for lost natural capital (Lawn 2003). Conventional economists generally advocate for the weak sustainability position (Strandberg and Frostell 2006, 237). Others argue that natural capital provides unique services that human capital is unable to replace. Since ecosystems clearly 
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have limits, it follows that macroeconomic growth cannot continue indefinitely. Consequently, this position contradicts conventional economics (Daly and Farley 2003, 23). Generally, ecological economists and environmentalists support this view. Ultimately, there is no “correct” view regarding strong versus weak sustainability as neither has been empirically demonstrated. In any case, the distinction is vital for understanding discourse about sustainability. Industrial ecology (IE) is a relatively new academic discipline which addresses research questions related to sustainability. Usually, IE uses a natural science perspective and focuses on industry and technology. According to Harper and Graedel (2004), the field of industrial ecology began with the publication of an article by Robert Frosch and Nicholas Gallopoulos in 1989. The authors drew an analogy between biological ecosystems and the systems of human industry (Harper and Graedel 2004), where human industry refers to “all human activities occurring within the modern technological society” (Erkman and Ramaswamy 2003, 2). In other words, human industry comprises both highly technical industries, such as microchip manufacturing and the opposite, such as subsistence agriculture. There are many similarities and many more differences in ecological and industrial systems. The analogy is strongest with respect to material and energy flows. Both systems contain actors that extract materials and energy, transform them, and generate waste, which is then more or less recycled—more in the case of ecological systems and less in the case of industrial systems. This analogy is the organizing framework for industrial ecology. According to Harper and Graedel (2004, 433), “The core of industrial ecology—the industrial ecosystem model—has become a framework for studying the interactions of the modern technological society with the environment.” Researching various aspects of this analogy is categorized as conceptual IE, the first of three major subdivisions in the field of industrial ecology.  Graedel and Allenby hint at the final two subdivisions in IE with their definition: “Industrial ecology is the study of [1] technological organisms, their use of resources, their potential environmental impacts, and [2] the ways in which their interactions with the natural world could be restructured to enable global sustainability” (2002, 39). The final two sub-areas are (1) IE research and (2) applied IE. Harper and Graedel refer to these two sub-areas as systemic IE and 
operational IE, respectively. Systemic IE emphasizes natural science methods and investigates material and energy flows along with interactions between industrial systems and ecological systems. Material flow analysis, for example, is a systemic IE research tool (Harper and Graedel 2004). Operational IE, or applied IE, attempts to restructure the industrial system to make it compatible with ecological systems (Erkman and Ramaswamy 2003, 6). Erkman and Ramaswamy write that operational IE is “a practical approach to sustainability. It is an attempt to address the question: How can the concept of sustainable development be made operational in an economically feasible way?” (2). Likewise, Harper and Graedel (2004, 434) state, “IE has been hailed as the closest approximation to a more systematic and quantitative approach to sustainability, especially to the technological core of sustainability.” Because operational IE strives for sustainability—a term with multi-faceted meaning—a variety of academic disciplines are drawn upon in research and practice. The life cycle perspective follows from the ecological-industrial system analogy described above, and it is equally central to the field of industrial ecology. The life cycle of a good or service 
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generally includes the following stages: raw material acquisition, production, use and disposal. These stages are shown graphically in figure 2. Activity at each stage may occur in numerous geographical locations using different technologies and production methods. As Rebitzer et al. point out, “all activities, or processes, in a product’s life result in environmental impacts” (2004, 701; emphasis added). When comparing the environmental impacts of products and services, the life cycle perspective reveals impacts that may have shifted to other life cycle stages, geographical locations or environmental media (for example, a shift to air emissions from water emissions) (LCI 2005). In a 2001 article, Amatayakul and Ramnäs describe the life cycle impacts of a catalytic converter for a typical Swedish car. Surprisingly, they conclude that the manufacture and use of the catalytic converter shifts, rather than reduces, environmental impacts. These impacts are transferred from Swedish cities to other places in the world and environmental media where the catalytic converters are manufactured. Through the application of the life cycle perspective, the net environmental benefits of this acclaimed environmental technology were revealed to be less clear than previously thought. This article highlights the value of the life cycle perspective when quantifying the environmental impacts of goods and services. In contrast to the field of economics, applied IE has historically underemphasized the connection between consumer demand and production. In a special issue of the Journal of Industrial 
Ecology on consumption, several authors expressed this view (Hertwich 2005a; Jackson 2005; Jalas 2005). The historical emphasis on optimizing production in industrial ecology is possibly connected to environmental policy, which has also focused on production rather than consumption (OECD 2002, 3; Cohen and Murphy 2001, 3). As shown in figure 3, the connection between supply (production) and demand is fundamental in the field of economics (Daly and Farley 2003, 141). 

 
Figure 2: Generic, seven-stage life-cycle assessment product chain. 
Source: Hendrickson et al. 1998, 185A. 
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However, there is some debate in the field of economics as to whether demand drives supply or vice versa. The mainstream view is that demand drives supply where “producers motivated only by self-interest would provide the products that best meet consumers’ desires” (Frank 2008, 450). This formulation is Adam Smith’s famous invisible hand of the marketplace, where society’s well-being is ipso facto improved through the self-interested actions of producers (Daly and Farley 2003, 224). It is also called the traditional sequence. However, others, such as John Kenneth Galbraith, have argued for a revised sequence where producers decide what to produce and then create consumer demand through advertising (Frank 2008, 450). It seems the traditional sequence is more often the case. Frank supports the traditional sequence arguing that a company producing only low-quality products will surely go out of business eventually. In the movie industry, for example, there are well-developed marketing strategies for generating demand for low-quality films. David Schneiderman, referring to tricks of the trade in cutting movie trailers, bluntly stated, “We’re in the business of cheating, let’s face it … And sometimes it works” (Friend 2009, 46–47). However, according to Friend’s look inside movie marketing, film studios usually begin projects with a particular audience in mind and genuinely try to satisfy the interests of that target audience. Their first goal, in other words, is to satisfy consumer demand. If the result is a low-quality film, studios then attempt to generate consumer demand 

 
Figure 3: Circular flow of the economy. 
Source: Daly and Farley 2003, 25. 
Note: Households supply factors of production while firms demand factors of production. The reverse is true 
for goods and services. 
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through advertising to reduce losses on their investment. The key point in support of the traditional sequence seems to be that a company which continually delivers products that fail to meet consumer demands will lose business to competitors and eventually go out of business (Frank 2008, 450). While it is beyond the scope of this literature review to resolve this debate in the field of economics, the above example and explanation support a traditional sequence. This question is far from trivial. If producers drive consumption, it makes little sense to address consumers at all as consumers would act to satisfy the demands of producers in this case. However, if consumers drive production as in the traditional sequence, then influencing consumer demand represents a significant opportunity for improving the environmental performance of economies. It seems the historical emphasis on production-side improvements may not deliver sustainability for a variety of reasons. First, the discovery of new supplies of non-renewable raw materials, for example oil, cannot offset aggregate growth in consumer demand. Because consumption grows exponentially—as is the goal in mainstream economics—new raw material supplies are eventually exhausted (Princen 2002, 10). Princen illustrates the point with a hypothetical oil deposit containing 100, 1,000, or 10,000 years worth of supply at today’s rate of consumption. With consumption growing at 5% annually, the reserve will last 36, 79, and 125 years, respectively. The argument is fundamentally mathematical: any process with a linear growth rate, such as raw material discovery, will be overwhelmed by a process with an exponential growth rate, such as consumption. He concludes that increasing supply will fail to secure resources against exponentially increasing demand. Second, the magnitude of efficiency improvements appears too small to counteract the trend of increasing environmental impacts. In a 2005 article, Cooper cites a real world example in the Netherlands where overall electricity consumption increased by 14% from 1974 to 1994 despite “significant efficiency improvements in many appliances” (2005, 54). The argument is more convincing when considering future trends. A report by the Organization for Economic Cooperation and Development (OECD) states international tourism (measured in number of arrivals) has increased 7.1% per year since 1951 and will grow at an annual rate of 4.3% until 2020 (2002, 37). The report states, “past efficiency gains are not expected to continue into the future and the projected annual average future efficiency gains of 1 [to] 1.3% will not be sufficient to offset future growth” (41). Industry research supports this statement. Boeing’s Current Market Outlook, 1998 states, “world air travel [measured in revenue passenger-kilometers] should grow at 5% over the next decade and 4.9% over the next 20 years” (Meskill 1999, 25). Likewise, Boeing’s more recent 
Current Market Outlook, 2008-2027 predicts 5% annual growth in passenger air travel (measured in revenue passenger-kilometers) and 5.8% annual growth in cargo traffic (measured in revenue tonne-kilometers) (Boeing 2008, 28). Needless to say, the airline industry is only one among many, and this example may not be representative. However, Edgar Hertwich, an industrial ecology expert, addresses the general case: “Because the consumer class is growing both in extent and in affluence, its environmental impact keeps rising. Technological progress in production and product development is insufficient even to stabilize resource demand and pollution in absolute terms” (Hertwich 2005a, 1). 
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Another argument against efficiency improvements is their rebound effect, but the validity of this argument is dubious. The mechanism of the rebound effect is as follows: Efficiency improvements generally decrease costs for both producers and consumers. As prices decline, consumption of a given product or service changes due to the substitution effect and income effect (Hertwich 2005b). When a product or service decreases in price, it becomes more attractive compared to similar (substitutable) goods and services; for example, rice may substitute for wheat. This substitution effect always causes greater consumption of a product when its price decreases. The income effect is the result of increased purchasing power when prices decrease. It will cause consumption to increase or decrease depending on the product. Spending on low-quality products with higher quality substitutes, for example conventional versus organic produce, tends to decrease when income grows. Conversely, spending on luxury goods tends to increase when income grows (Frank 2008, 100–102). While these two direct effects are well-understood, indirect, secondary effects are much more difficult to quantify. For example, when a product or service is used to manufacture other products or services, changes in its own price will affect their cost, as well. Whether the magnitudes of rebound effects are large enough to outweigh the original environmental benefits is debatable. Hertwich discusses several studies on direct rebound effects. They generally show 5% to 30% of the original savings are lost to a weak rebound effect. Indirect effects, on the other hand, have been difficult to estimate. The analysis is complicated further by the diversity of environmental impacts, which, in addition to being more numerous, are also more difficult to quantify than energy use alone (2005b). Mathematical arguments aside, efficiency improvements are unlikely to succeed due to the motivations of producers. While producers are interested in higher efficiency as cost reduction, they are simultaneously motivated to increase output as revenue maximization. Even if efficiency improvements are wildly successful, producers will still be highly motivated to increase their overall material throughput in order to maximize profits (Jackson and Clift 1998). 
Sustainable consumption, which addresses the arguments above, has grown out of international discourse on global environmental problems. Sustainable consumption can trace its origins to the Rio Earth Summit3 and its result, Agenda 21, which was adopted in 1992 (Cohen and Murphy 2001, 3). Before Agenda 21, consumption did not figure prominently in the discourse on environmental problems. The Limits to Growth, published in 1972, was a landmark report that concluded environmental problems were the result of overpopulation. In the 1970s and 80s, global environmental problems were likewise blamed on “rampant population growth” (Cohen 2001, 21). According to Cohen (2001), industrial nations used their overpowering political clout to shape international discourse and shift blame from themselves and onto developing nations, where population growth was (and continues to be) highest. In 1987, the Brundtland report4 introduced                                                              3 Many terms are used interchangeably when referring to this summit. Officially, the conference was called the United Nations Conference on Environment and Development (UNCED). Rio Summit, Earth Summit, 

UNCED and permutations of these terms all refer to the same event held in Rio de Janeiro. The term Earth 
Summit should be used with caution, because a follow-up conference held in Johannesburg is also referred to as an Earth Summit. These two conferences will be distinguished by referring to the former as the Rio Earth 
Summit and the latter as the Johannesburg Earth Summit. 4 Brundtland report is an informal name for the report generated by the World Commission on Environment and Development in 1987. The report is officially titled Our Common Future (Cohen 2001, 23–24). 
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consumption in the pursuit of affluent lifestyles as an important cause of global environmental problems. However, the report stopped short of calling for a curtailment of affluent lifestyles as it would contradict the goal of economic expansion.  The Rio Earth Summit marked a dramatic shift in the global environmental discourse (Cohen 2001). According to the United Nations (UN), 172 governments and 2,400 representatives of non-governmental organizations (NGOs) participated. Several documents were produced as a result of the conference, the most notable being Agenda 21 (UN Department of Public Information 1997). Specifically, Agenda 21 states, “The major cause of the continued deterioration of the global environment is the unsustainable pattern of consumption and production, particularly in 
industrialised countries, which is a matter of grave concern, aggravating poverty and imbalances” (UN 1993, sec. 4.3; emphasis added). This seems to be the turning point when consumption in affluent, industrialized nations became an explicit part of the discourse on global environmental problems. The adoption of Agenda 21 also led to new research initiatives. The United Nations Commission on Sustainable Development (CSD) was created in December 1992 by the United Nations General Assembly to “ensure effective follow-up” (UN Department of Public Information 1997) on Agenda 21. The OECD also created a new organization tasked with investigating sustainable consumption and production according to the language in Agenda 21. Both the OECD and the newly created CSD began research on the connection between consumption and environmental impacts (Cohen 2001, 31). In 2002, the Johannesburg Earth Summit5 followed up on the Rio Earth Summit with the goal of mapping out implementation of Agenda 21. The summit resulted in a document called the Plan for Implementation. This document called for a specific framework for programs on sustainable consumption and production, and it “provided new impulses to the work on sustainable consumption” (Hertwich 2005a, 2).  Sustainable consumption, like many terms related to sustainability, has no clear definition (Jackson 2005; Cooper 2005). In general, sustainable consumption attempts to shift consumption patterns into alignment with sustainability. This approach contrasts typical strategies in industrial ecology which focus on improvements to production. In a report on sustainable consumption, the OECD defines the term as, “the consumption of goods and services that meet basic needs and quality of life without jeopardising the needs of future generations” (OECD 2002, 16). This definition appropriates widely accepted language in the Brundtland report for defining sustainable development. Importantly sustainable consumption is seen as a site- and problem-specific term. It can be interpreted differently depending on the social and political context, which determine risk tolerance as well as the use of the weak or strong definition of sustainability (16–17). Finally, the specific meaning of sustainable consumption is also time specific as environmental problems occur on time scales of varying lengths (OECD 2002, 17), from days and minutes to thousands of years in the case of nuclear waste disposal.  Additionally, the affluence of the society is important, since sustainable consumption has also been defined as “the effort to reduce the impact of the affluent” (Hertwich 2005a, 1). Sustainable                                                              5 The Johannesburg Earth Summit is known by various names as well: Earth Summit 2002, Johannesburg Summit, Rio +10, Johannesburg 2002, and officially the World Summit on Sustainable Development (UN 2006). 
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consumption, then, is most applicable in affluent, developed countries. In this context, sustainable consumption is like sustainable development—a strategy for achieving sustainability—in developed instead of developing countries. Cooper refines the definition further, writing that sustainable consumption “implies a reduction in the throughput of resources” (2005, 52). This formulation is well worded because it does not specify how reductions in material throughput will be accomplished. Some argue for a reduction in overall consumption, consuming less. Implicit in this position is the need to manage greed in affluent societies. Advocates of consuming differently, on the other hand, argue for shifting the demand from impact-heavy goods and services toward low-impact goods and services without necessarily changing aggregate demand (Jackson 2005). A person may advocate for one position or the other depending on his or her understanding of consumption. 
2.2 Perspectives on consumption Consumption itself is a complicated topic, which has been addressed by a variety of academic disciplines. As Jackson notes, “The problem in addressing these questions [about consumption] lies not so much in a dearth of potential models as in a superabundance of possibilities” (2005, 20). An OECD report on sustainable consumption lists some relevant academic disciplines: psychology, microeconomics, philosophy, anthropology, sociology, and ethics (OECD 2002, 61). With so many disciplines commenting on the same phenomenon, conflicts in interpretation are inevitable. However, the OECD report provides a working definition of consumption from Campbell (1998). Consumption is defined as the “selection, purchase, use, maintenance, repair and disposal of any product or service” (Campbell 1998). It is limited to consumption by households, excluding the public sector and commerce between producers. Non-market goods and services, such as those provided by family and the natural environment are included (OECD 2002, 16). With respect to sustainable consumption, the overarching question is whether consumption is generally good or bad for the consumer. These two positions are phrased in a more nuanced way in Jackson (2005): 1. More consumption results in “improved well-being” (19). 2. “The scale of consumption in modern society is both environmentally and psychologically damaging” (19). If contemporary levels of affluence are unhealthy, the environmental goal of decreasing consumption also increases human well-being, and the approach is relatively straightforward: reduce consumption. This second perspective tends to view consumption as a “social pathology” (21) where consumption is a product of greed, social norms, and cunning marketing tactics. However, if consumption improves well-being, sustainable consumption strategies must be careful to both improve (or at least not harm) human well-being and simultaneously reduce environmental impacts. Unfortunately, consensus on this question is elusive. In his 2005 article, Tim Jackson provides a valuable overview of the discourse on consumption. He describes five major perspectives:  
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1. Consumption as well-being  2. Consumer culture as social pathology 3. Consumption as evolutionary adaptation  4. Consumption as routine 5. Consumption as symbolic communication  The first perspective belongs to economics, while the next four belong to various other disciplines in the social sciences. In the first view, consumers try to maximize their own well-being through rational purchase decisions. Consumption is the result of rational welfare maximization on the part of consumers. This view has been attacked on many fronts, including a lack of empirical evidence and a lack of distinction between wants and needs. The lack of empirical evidence has been demonstrated through studies that show a weak correlation between Gross Domestic Product (GDP) and life satisfaction in developed countries. Those who agree with the second perspective have argued for a clear distinction between wants (desires) and needs to delineate consumption with and without benefits for human well-being. Desires are seen as subjective and fleeting, and satisfying desires may not improve a person’s well-being. Needs, on the other hand, are seen as objective, and meeting a person’s needs benefits his or her well-being. For example, satisfying the needs for subsistence (food and shelter) and affection clearly benefit well-being. In this second view, consuming less can both improve well-being and the environment as long as basic human needs are met along with non-material needs, like that for affection (Jackson 2005).  The third view on consumption comes from the field of evolutionary psychology. In this view, consumption is the result of evolutionary processes which have conditioned humans to compete against sexual competitors. Purchases may be intended to “advertise availability, fertility, potency, fidelity, and a variety of other characteristics desirable to the opposite sex” (Jackson 2005, 27). In this view, consumption seems to be an important tool for communication in human relationships, even though more consumption does not always improve well-being.  In the fourth view of consumption, mundane and habitual consumption is emphasized. The intent of day-to-day purchasing, which dominates most people’s spending, is not extravagant display for the opposite sex. Rather, a person needs groceries and toiletries to stay well-fed and healthy; rent payments keep a roof overhead. The environmental impacts of these purchase decisions may be out of the control of the individual consumer. In the case of paying an electricity bill, a person is constrained by many factors outside of his or her control. The infrastructure and method of energy generation has already been determined, and the consumer can often do little else than pay for what is available. Also, social norms play an important role in determining a person’s consumption habits. In this perspective, it may be desirable to change patterns of consumption for environmental reasons or many others, but it would be unreasonable to place responsibility entirely on the consumer. He or she may face large obstacles to changing patterns of consumption. As a result, communication about behavioral change is not likely to deliver the desired results. For example, one could always admonish the purchase of this or that product, but with prevailing social norms, widespread changes might be unlikely (Jackson 2005). In the final viewpoint listed above, consumption is again seen as a means of communication. Rather than sending messages about sexual positioning, however, communication addresses social 
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order in general. “We consume in order to identify ourselves with a social group, to position ourselves within that group, to distinguish ourselves with respect to other social groups, to communicate allegiance to certain ideals, and to differentiate ourselves from certain other ideals” (Jackson 2005, 31). Here again, consumption is seen as a necessary tool for human well-being, although more consumption does not necessarily lead to better well-being. These diverse and well-founded views on consumption contribute to the difficulty of addressing sustainable consumption. The question of whether consumption is “good” or “bad” for human well-being remains unresolved. It seems clear, at least, that much consumption is important for human well-being, and the question of how much remains unanswered. Empirical evidence showing a weak correlation between increasing GDP and life satisfaction in developed countries contests the perspective in conventional economics and suggests that needs are generally met. As a result, further increases in aggregate consumption do not necessarily improve well-being. In fact, rejecting the position of conventional economics is necessary in order to proceed with any discussion of sustainable consumption. If societies are not overly affluent, what is the justification for reducing consumption? Where basic human needs are unmet, developing countries are not admonished to reduce their levels of consumption. However, the view that most developed countries, for example Sweden, could reduce consumption without damaging the well-being of its inhabitants seems reasonable. This position also requires that one accept the distinction between desires and needs, which is excluded from the discourse in conventional economics. This distinction does not necessarily conflict with the views on consumption expressed by other social sciences, none of which claim more consumption is always equivalent to improved well-being. The other social sciences agree that some consumption is necessary for human well-being and well-functioning societies. The discourse on ordinary consumption suggests that simply advising consumers to change behavior or informing them about environmental consequences of certain behaviors is unlikely to have the desired effect. Social norms are seen as a powerful influence, while institutions and infrastructure constrain choices significantly. An effective sustainable consumption strategy would address these potential obstacles and attempt to shift consumption without reducing personal well-being—or better yet, increasing personal well-being. 
2.3 Sustainable consumption approaches Since sustainable consumption addresses consumer behavior, it will be useful to clarify the definition of environmentally significant behavior. According to Stern (2000), environmentally significant behavior can be defined in two ways. The first is impact oriented, where environmentally significant behavior is behavior that meaningfully creates or reduces environmental impacts. The second is intent-oriented, where environmentally significant behavior is any behavior performed with the goal of improving or degrading the environment. The distinction is important because consumers may act with environmental intent but fail to significantly reduce environmental impacts through those actions. Often, the difficulty of matching intent to meaningful behavior results from high complexity in ecosystems and industrial systems. It may be difficult for consumers—and even experts—to know which actions reduce environmental impacts. Also, consumers may be confused by communication from experts. With respect to sustainable consumption, the goal is to increase impact-oriented environmentally significant behavior as this behavior results in actual benefits for the environment. However, much of this 
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report focuses on generating the intention to act in environmentally beneficial ways. It is important to note that the term environmentally significant behavior includes behavior that both positively and negatively affects the environment. As a result, the term pro-environmental behavior is used throughout this report to refer to environmentally significant behavior (emphasizing the intent-oriented definition) with positive environmental effects only. Next, it will be helpful to frame the discussion of pro-environmental behavior in the wider scope of environmental problems and human behavior. Garrett Hardin’s article, “The Tragedy of the Commons,” provides a conceptual framework for the relationship between human behavior and natural capital (Hardin 1968). He presents the tragedy of the commons as follows: 
Picture a pasture open to all. It is to be expected that each herdsman will try to keep as many cattle 
as possible on the commons. Such an arrangement may work reasonably satisfactorily for centuries 
because tribal wars, poaching, and disease keep the numbers of both man and beast well below the 
carrying capacity of the land. Finally, however, comes the day of reckoning, that is, the day when 
the long-desired goal of social stability becomes a reality. At this point, the inherent logic of the 
commons remorselessly generates tragedy. 

As a rational being, each herdsman seeks to maximize his gain. Explicitly or implicitly, more or less 
consciously, he asks, ‘What is the utility to me of adding one more animal to my herd?’ This utility 
has one negative and one positive component. 

(1) The positive component is a function of the increment of one animal. Since the herdsman 
receives all the proceeds from the sale of the additional animal, the positive utility is nearly +1. 

(2) The negative component is a function of the additional overgrazing created by one more animal. 
Since, however, the effects of overgrazing are shared by all the herdsmen, the negative utility for 
any particular decision-making herdsman is only a fraction of -1. 

Adding together the component partial utilities, the rational herdsman concludes that the only 
sensible course for him to pursue is to add another animal to his herd. And another; and another 
. . . . But this is the conclusion reached by each and every rational herdsman sharing a commons. 
Therein is the tragedy. Each man is locked into a system that compels him to increase his herd 
without limit—in a world that is limited. Ruin is the destination toward which all men rush, each 
pursuing his own best interest in a society that believes in the freedom of the commons. (Hardin 
1968, 1244) In Hardin’s view, a commons will always be degraded once the use of the commons approaches its carrying capacity. A commons is any natural resource without a private owner, and the tragedy of the commons applies to both natural resource use and pollution. Just as withdrawals from common resources are subject to the tragedy of the commons, inputs to common resources are subject to the same process. As a result, both a freshwater lake used for drinking water and the atmosphere as a receptacle for industrial air emissions can be commons. The tragedy of the commons, where self-interested action explicitly degrades society’s well-being, counters Adam Smith’s invisible hand. As Hardin writes, “freedom in a commons brings ruin to all” (Hardin 1968, 1244). This reversal 
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reflects a fundamental difference in the fields of economics and ecology. In economics, convention holds there are no limits to growth. In other words, there is no maximum carrying capacity of the economic system, whereas the concept of carrying capacity is a key factor governing ecological systems. To solve the tragedy of the commons Hardin broadly calls for “social arrangements that produce responsibility” (Hardin 1968, 1247), which he also describes as “mutual coercion, mutually agreed upon” (1247). These social arrangements should shift incentives such that a rational person can simultaneously act in his or her own self-interest and act responsibly. Hardin uses bank robbery as an example: absent regulation, a free, self-interested person may steal from a bank for material gain; however, society has made responsibility in the would-be robber’s self-interest with legal penalties. Hardin allows for both absolute prohibition, as in the case of bank robbery, and “temperance,” or reducing an irresponsible behavior without eliminating it. Specifically, he discusses three strategies for addressing environmental problems, one of which he criticizes heavily. The first strategy he introduces is education, which he views as reasonable but unwieldy, since “the inexorable succession of generations requires that the basis for this knowledge be constantly refreshed” (1245). In other words, people forget; knowledge is perishable and not only because people are perishable, too. Therefore, the strategy has a practical disadvantage. Government regulation, specifically through financial instruments, is the strategy he most strongly advocates, writing, “Taxing is a good coercive device” (1247). Taxing shifts incentives without entirely restricting individuals’ freedom. It should be noted that government policies are only social arrangements when they represent citizens’ wishes. Appeals to conscience are Hardin’s third strategy. Interestingly, he explicitly argues against them, comparing calls for responsible action to using guilt to “browbeat a free man … into acting against his own interest” (1247). In an e-mail to the author, Wayne Wakeland of the Portland State University Systems Science faculty pointed out that the tragedy of the commons can be seen as an instance of the classic game theory scenario Prisoner’s Dilemma. The situation presented in Prisoner’s Dilemma is as follows:  
Two prisoners are held in separate cells for a serious crime that they did, in fact, commit. The 
prosecutor, however, has only enough hard evidence to convict them of a minor offense, for which 
the penalty is, say, 1 year in jail. Each prisoner is told that if one confesses while the other remains 
silent, the confessor will go scot free while the other will spend 20 years in prison. If both confess, 
they will get an intermediate sentence, say, 5 years … The two prisoners are not allowed to 
communicate with one another. (Frank 2008, 219) The dilemma is clear. The ideal outcome for the prisoners is achieved when both remain silent. However, from an individual perspective, each prisoner will have a better outcome if he or she confesses. Table 1 nedan summarizes each prisoner’s options and the resulting outcomes. As shown in the table, Prisoner B will always reduce his or her sentence by confessing. If we assume that Prisoner A confesses, Prisoner B can move from a 20-year sentence to a five-year sentence by switching from remain silent to confess. Likewise, if Prisoner A remains silent, Prisoner B can move from a one-year sentence to a zero-year sentence if he or she confesses. No matter what Prisoner A does, Prisoner B improves his or her sentence by confessing. The same is true for Prisoner A; he or 
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she will always improve his or her own sentence by confessing no matter what Prisoner B does. If each prisoner follows this dominant strategy—to use the game theory term—they will each receive five-year sentences. However, this outcome is not ideal for both prisoners. If they both remain silent, each will only receive a one-year sentence.  
Table 1: Outcome matrix in Prisoner's Dilemma. 

 Prisoner B 

Prisoner A Confess Remain silent 

Confess 5 years for A, 
5 years for B 

0 years for A, 
20 years for B 

Remain silent 20 years for A, 
0 years for B 

1 year for A, 
1 year for B 

Source: Frank 2008, 219. 
Note: Confess and remain silent are the two mutually exclusive actions each prisoner can take.  Frank describes Prisoner’s Dilemma as an instance of a broader class of scenarios called 
commitment problems. In a commitment problem, the outcome for each participant will be worse if they determine their actions based on narrow self-interest. If participants commit to cooperative behavior (which is not in their immediate self-interest), they will achieve a better outcome along with the other participants. The difficulty is that each participant can improve his or her own outcome by defecting or cheating—the equivalent of confessing in Prisoner’s Dilemma (Frank 2008, 219). How can each participant trust the other to maintain the cooperative behavior? When the tragedy of the commons is seen in this way, one can understand why Hardin so strongly opposes calls for responsible action without social arrangements that commit others, as well. Gardner and Stern provide a similar but slightly different characterization of sustainable consumption strategies. They discuss four types of strategies, which relate to Hardin’s discussion as shown below. Terminology in Gardner and Stern (2002, 27) Terminology in Hardin (1968) 1. Government laws, regulations, and incentives 1. Formal social arrangements 2. Education 2. Calls for responsible action 3. Community management of a common resource 3. Informal social arrangements 4. Moral, religious and ethical appeals 4a. Calls for responsible action and  4b. Education  Throughout this report, education will be used according to Hardin’s meaning and provision of 
information will be used where Gardner and Stern use the word education. The first approach, government action, causes pro-environmental behavior to be in the self-interest of the individual. 
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This approach sidesteps the difficulty of convincing consumers to “do something for nothing” (Hardin 1968, 1247). The strategy includes both monetary and non-monetary rewards and penalties. It also includes privatization where a common resource is divided and allocated to private interests, either individuals or companies. As a result, each private interest is motivated to maintain his or her own share of the resource. Privatization is similar to the third approach as will be discussed below. In the second strategy, providing information, a target audience is informed about the magnitude of environmental impacts or remedial actions for environmental problems. Information can be provided through a variety of media, including schools, TV, radio, web pages, newspapers, books, and magazines. The third strategy, as mentioned above resembles privatization, except the social arrangement is made by members of a community without government regulation or oversight. According to Gardner and Stern, “A small group or community of people informally develop and mutually enforce their own rules of individual behavior to solve some group problem, without the involvement of any government authority” (2002, 28). The final strategy is an ethical appeal for pro-environmental behavior based on the prevailing moral or ethical paradigm. This aspect of the fourth strategy resembles the second strategy, providing information. It also includes a longer term process of shifting ethics from current values to ones which support pro-environmental behavior. The long-term aspect of the strategy corresponds to 
education according to Hardin’s terminology. Gardner and Stern cite Native American religions as one potential source for such values (2002, 27–29). While all these strategies address the contribution of human behavior to environmental problems, they do not qualify as sustainable consumption when they deal with production rather than consumption. For example, fishermen managing a wild fish stock through informal agreements are not using a sustainable consumption strategy. The full range of strategies and their theoretical bases have been included to provide context for the following discussion.  Sustainable consumption strategies can be described more reductively according to the actor implementing the strategy, the method of the strategy, or the stage of consumer behavior being addressed. The following characteristics of sustainable consumption strategies are summarized in table 2. Three major types of actors may implement sustainable consumption strategies: governments, NGOs, and for-profit corporations (industry). Informal community organization can be subsumed under the NGO category. Three general types of instruments are available: economic instruments, regulatory instruments, and social instruments (OECD 2002, 95). Economic instruments refer to financial incentives which shift the outcome of self-interested decision making. These tools are available to all three types of actors in one form or another. For governments, they often take the form of taxes, while corporations may adjust their own pricing schemes to encourage pro-environmental behavior. Governments may also use regulatory instruments to prohibit certain activities. To some extent, corporations hold a similar power, for example, through terms-of-use contracts. However, customers can easily opt out of a service, whereas opting out of one’s society is significantly more difficult. Social instruments are strategies that involve either information provision or education, for example, media campaigns and public debates. Social instruments are available to all three actors and are used extensively by NGOs. These strategies are then applied to one or more of the three stages of consumer behavior. In chronological order, they are: acquisition, use and disposal. The acquisition stage includes all activities before and during the purchase of a product or service. The use stage covers the actual consumption of the product or service, and in 
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the disposal stage, the consumer discards the product and packaging, for example, as garbage or recycling (Blackwell et al. 2006, 4).   
Table 2: Characteristics of a sustainable consumption strategy. 

Type of characteristic Characteristics 

Actor implementing the strategy Government Industry NGOs 

Method of the strategy Economic Regulatory Social 

Stage of consumer behavior Acquisition Use Disposal  Examples of these sustainable consumption strategies follow. Taxes on environmentally harmful products, for example, on gasoline would be an economic government strategy aimed at the acquisition stage of consumer behavior. With respect to the disposal stage of consumer behavior, an economic government strategy could encourage recycling by assessing fees for garbage collection. A regulatory approach to the same issue would be a legal requirement that households separate their waste for recycling. If waste collection is privately contracted, waste collectors themselves, as industry actors, could make the same requirement of their customers. Governments can influence consumer behavior in the use phase by, for example, requiring inspections on automobiles to ensure they meet emissions standards (OECD 2002, 96). Social instruments could address the use phase of consumer behavior by advising consumers to line dry laundry in order to reduce energy consumption. This informational campaign could be undertaken by any of the three types of actors. There is clearly some overlap between actors, strategies and their intended influence on consumer behavior, and a single campaign may cover several categories described above. 
2.3.1 Informational strategies The following section discusses informational strategies in more detail as the EcoRunner tool falls into this category. In the short term, informational strategies, a sub-category of social instruments in the above discussion, has two main parts. First, information can be used to change attitudes in people who do not already have pro-environmental attitudes. In general, attitude change is accomplished by describing the severity and consequences of environmental problems (Gardner and Stern 2002, 71–72). According to Gardner and Stern, these short-term informational strategies are unlikely to be effective if they “promote attitudes that clash with people’s basic ethics or values” (2002, 74). In this case, a longer-term educational strategy would be needed. Second, information can describe meaningful individual actions that will mitigate or avoid environmental impacts (Gardner and Stern 
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2002, 71–72). The first strategy promotes intent-oriented pro-environmental behavior while the second strategy promotes impact-oriented pro-environmental behavior. Gardner and Stern provide a conceptual model for pro-environmental behavior which includes the two types of informational strategies described above. In their model, reproduced in table 3 nedan, pro-environmental behavior is the result of a long causal chain. Some factors are inside the individual’s control, called internal factors, and some factors are outside the individual’s control, called external factors. Each level in the causal chain can influence the next level below, and the process can also work in reverse. For example, cognitive dissonance may cause behavior (level one) to influence attitudes (level four) and knowledge (level three) (Gardner and Stern 2002, 76–78). The first informational strategy addresses the fourth level of Gardner and Stern’s model, attitudes and beliefs. Gardner and Stern cite several studies showing that attempts at changing environmental attitudes generally fail to produce pro-environment behavior (76). The authors explain these failures as the result of obstacles at other causal levels. Consider a person who wants to purchase more efficient home appliances but does not have enough money to make the purchase; this pro-environmental behavior will not occur due to an external barrier, income. Attitude change leads to behavior change, “when the barriers to action are low. In the case of consumer behaviors, barriers are low for inexpensive actions that are ready at hand … The barriers are higher when the actions are inconvenient, complex, or when they have costs to the individual in terms of money, time, or opportunities foregone” (79). The mechanism of attitude change is addressed in section 4.1.3.4 (pp. 56–60). The second part of the informational strategy addresses the third level of this causal chain, knowledge. If a person has pro-environmental attitudes (level four) but does not know how to act on them (level three), this internal barrier will obstruct pro-environmental behavior (78–79). Informing consumers how to act on pro-environmental attitudes is especially important because it may be impossible to determine what behaviors are most effective based on personal experience (80). In other words, a person cannot intuitively know whether recycling or driving less is more important for the environment or even how these activities specifically affect the environment. Additionally, such conceptual knowledge is often lacking: according to Nissinen et al. (2007), consumers generally have a very limited understanding of the causes and effects of environmental problems. As a result, such information is essential for both impact-oriented and intent-oriented environmentally significant behavior. Developing effective informational strategies is difficult due to the high complexity of consumer behavior. Stern writes, “Environmentally significant behavior is dauntingly complex, both in its variety and in the causal influences on it” (2000, 421). Informational strategies often address behavioral commitment (barriers at level two of the causal chain), as well. These strategies include reminders and reinforcement for pro-environmental behavior. A person may intend to act in a pro-environmental way but forget or lack the self-control needed to engage in the behavior. Prompts are short requests to perform the desired behavior, for example, a reminder next to a light switch that it should be turned off when leaving the room. Prompts are most effective when they occur very close in time and space to the desired behavior. A reminder is similar and in some cases indistinguishable from a prompt. It contains no new information and simply repeats a communication which has already been received at least once (Gardner and Stern 2002, 86). In general, the more times information is repeated, the more 
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persuasive it is (Mowen and Minor 1998, 282). Finally, publicly committing to a certain behavior makes the behavior more likely (Gardner and Stern 2002, 86). More information about these strategies is provided in section 4.1.1.2 (pp. 45–48).  
Table 3: A causal model of environmentally significant behavior. 

Level of causalitya Examples 

7. Household background Income, education, number of household members 

6. External incentives and 
constraints 

Energy prices, size of dwelling, owner/renter status, available 
technology, difficulty and cost of energy-conserving action 

5. Values and worldviews New Ecological Paradigm, biospheric-altruistic values, postmaterialism 

4. Attitudes and beliefs Concern about national energy situation, belief households can help 
with it, belief neighbors expect you not to waste 

3. Knowledge Knowing that water heater is a major energy user, knowing how to 
upgrade attic insulation 

2. Attention, behavioral 
commitment, etc. 

Remembering to install weather stripping before heating season 

1. Environmentally significant 
behavior 

Decreased use of air conditioner, purchase of high-efficiency furnace, 
lowering winter thermostat setting 

Source: Gardner and Stern 2002, 79. 
a Levels six and seven describe external factors while levels five through two describe internal factors.  Gardner and Stern conclude that informational strategies work best when designed according to the principles of communication in psychology and when combined with other strategies, such as economic instruments (2002, 98). As mentioned above, informational campaigns have rarely generated significant changes in behavior, except when the behavior is particularly easy for the consumer and any barriers are internal, rather than external, to the consumer. Also, the behavior must conform to the consumer’s values and worldviews (92–93), since these are relatively constant in the short-term. 
2.3.1.1 Eco-labels Eco-labels have been promoted as a sustainable consumption strategy, but their influence on consumers lacks strong empirical validation. Eco-labeling in the EU began in the early 1990s with the goals of increasing eco-design of products and providing better information to consumers. Figure 4 and figure 5 show two eco-labels currently in use in Europe. The flower in figure 4 is an EU-wide eco-label (DG Environment [2009?]a) 6, and the Nordic Swan shown in figure 5 is an eco-                                                             6 For references which provide the source year followed by a question mark and enclosed in brackets, the source year is likely correct but might not be. 
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label used in Finland, Sweden, Denmark and Norway (DG Environment [2009?]b). In theory, consumers can easily integrate environmental characteristics into decision making when they receive information at the point-of-purchase (Jackson and Snowdon 1999). The assumption underlying the use of environmental product information is that the information will cause consumers to purchase more environmentally preferable products (Noblet et al. 2006). However, evidence to support or refute this assumption is contradictory. According to Bjørner et al. (2004), there have only been five other empirical studies on whether eco-labels cause consumers to purchase more environmentally friendly products. Bjørner et al.’s own study concluded that eco-labels did cause consumers in Denmark to purchase environmental preferable products for some product categories; however, other studies reviewed in Bjørner et al. (2004) did not. Even though consumers often claim they would like to purchase more environmentally friendly products, evidence of such behavior often does not materialize. Leire and Thidell state, “A substantial portion of the reviewed literature reaches the point of concluding that there is an inconsistency between consumers’ intentions and actual behaviour” (2005, 1067). Empirical evidence for eco-labels as promoters of pro-environmental consumer behavior is inconclusive, which suggests that similar informational strategies need to be carefully evaluated.  

 
Figure 4: The European Union Flower eco-label. 
Source: DG Environment [2009?]a. 

 
Figure 5: The Nordic Swan eco-label. 
Source: The Swan Eco-label n.d. 

2.3.1.2 Websites Recently, there has been a proliferation of websites with environmental messages for consumers. Several contain environmental impact calculators allowing visitors to enter information about their spending habits and receive tailored feedback on resulting environmental impacts. Screenshots of four such websites are shown in figure 6 through figure 9. Based on relatively quick trials of these websites and a brief search for background information, this section provides general descriptions and some cursory analysis of these websites. This discussion should provide context for the more detailed discussion of the EcoRunner website in the following section. The first website calculates the ecological footprint of users from the United States or Australia (GFN 2009). Users can respond to questions about their consumption habits in two distinct levels of detail, which accommodates both users with more or less knowledge about their own habits and users willing to devote more or less time to the activity. The website is also aesthetically pleasing and displays animations of the user’s lifestyle as he or she answers questions. As shown in figure 6, 
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the person walks to different lifestyle areas, such as diet, which is represented by a fruit and vegetable stand and a butcher shop. Additionally, the website is user friendly. For example, slider bars are used to answer all questions. After completing a series of questions on food, shelter, mobility, goods, and services, the website calculates and presents the user’s ecological footprint. The units of ecological footprint are intuitively easy to understand. For example, the website states, “If everyone lived like you, we’d need 4.7 Planet Earths to provide enough resources” (GFN 2009) along with graphics of 4.7 Earths. The website also categorizes resource use according to six land use types, for example crop land and grazing land, and the five types of consumption listed above (food, shelter, and so forth). Finally, the website provides a selection of strategies, roughly one to two per consumption area, to reduce environmental impacts. The recommendations are tailored to the individual’s consumption habits. If the person travels a great deal by plane, for example, he or she will receive the recommendation to take local holidays. 

 
Figure 6: Ecological footprint calculator website screenshot. 
Source: GFN 2009. The Bloom website addresses carbon dioxide exclusively in a user-friendly, comprehensive way. Unlike the ecological footprint website, the user does not enter information about his or her consumption habits. Instead, the website focuses on actions which will reduce carbon dioxide emissions. The first page of the website is shown in figure 7. Actions are categorized first by consumption category, for example clothes and fashion and food and cooking. After selecting a consumption category, the user is presented with several specific strategies for reducing carbon dioxide emissions related to that activity. For example, under the food and cooking category, users can select 11 actions, which include eating less meat and cleaning out the refrigerator. There are 13 consumption categories and 78 specific actions in total. For every specific action, the user can see the resulting carbon dioxide reduction, how easy and expensive other users have found that particular action, and how many users have pledged to perform the action. Each action also has its 
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own webpage with more detailed information and a comment section where other users and experts from the website development team can discuss the particular action. Users can also create and save a profile to track their own progress. This website appears to have strong scientific credibility, aesthetic appeal, user-friendliness and a strong social networking component. Also, the website’s focus on actions to reduce carbon dioxide emissions rather than evaluation of the user’s current emissions is distinct from the others discussed in this section (BBC n.d.). 

 
Figure 7: Bloom website screenshot. 
Source: BBC n.d. The US Environmental Protection Agency’s (US EPA’s) household emissions calculator, shown in figure 8, appears scientifically credible and transparent but less user-friendly and comprehensive than the previous two websites. The first page advises users to gather utility bills and allow ten to 15 minutes for entering data into the website. Users then enter detailed information about household energy use, personal automobile use, and recycling habits. The website calculates annual greenhouse gas emissions in units of carbon dioxide equivalents and presents this information numerically. Next, users are presented with specific strategies to reduce environmental impacts. For each strategy, the website informs the user of the reduction in greenhouse gas emissions, rough cost of the action, and financial savings from the action. Emissions reductions and savings are tailored to the individual’s situation. Finally, the website presents a summary of current emissions and savings potential with the selected strategies. The website also includes links to detailed information about assumptions and calculation methods used, which contribute to the transparency and scientific credibility of the site (US EPA n.d.). 
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Figure 8: US EPA Household emissions calculator website screenshot. 
Source: US EPA n.d. Statistics Sweden’s (SCB’s) household emissions calculator appears to be scientifically credible and comprehensive but could improve aesthetics and user-friendliness. Users are presented with a single webpage where they enter their specific annual spending in Swedish kronor (SEK) in over 100 product groups, as shown in figure 9. A help page describes how to use the tool and how it was developed. Users simply enter their spending information and receive a summary of the estimated greenhouse gas emissions. They can also compare their spending to average spending in their local area, for example, Stockholm or Uppsala. While comprehensive and relatively specific in terms of consumption, the website only offers one suggestion for reducing greenhouse gas emissions—shifting spending among consumption categories (SCB 2009). The calculators all seem to vary in scientific credibility and user friendliness, and their effect on consumer behavior is unclear. Interestingly, most of the tools, excluding the ecological footprint calculator, address greenhouse gases and climate change exclusively. Other environmental problems such as water use or hazardous metal emissions are excluded. During the course of this literature review, no scientific study on the relationship between the use of these types of websites and consumer behavior has been found.  
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Figure 9: SCB Household emissions calculator website screenshot. 
Source: SCB 2009. 

2.3.1.3 EcoRunner website The Household Metabolism research project centers around the development of a new modeling tool designed to be used by consumers and a variety of other stakeholders. The tool has been designed to model direct and indirect environmental effects of household consumption. Stated briefly, the overarching aim of the project is to investigate whether such a model can provide a common knowledge and attitude platform between stakeholders to bring about more environmentally friendly lifestyles. The project is a collaborative effort between the Industrial Ecology department at KTH in Stockholm and the Center for Consumer Science at the University of Gothenburg. At the time of writing, such a tool has been developed and implemented. The tool itself is called EcoRunner, which consists of two parts, EcoRunner-Total and EcoRunner-Purchase. The EcoRunner-Total model compares material and energy flows for different product categories, for example fruits versus vegetables. The EcoRunner-Purchase model compares the material and energy flows for the same product produced or manufactured in different countries, for example 
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Spanish versus Swedish tomatoes. Although the project focus has shifted toward the EcoRunner-Total model, both models are implemented in the same website. The EcoRunner-Total model uses an input-output model of the Swedish economy based on data from SCB from 2005. Users can input their average spending in 104 categories plus 11 types of compensatory spending. Compensatory spending, such as purchasing carbon credits, has a positive rather than negative environmental impact. The categories in the model are outlined below. The number of sub-categories and, if necessary, Swedish translations follow the title in parentheses (Frostell et al. 2009). 
• Housing 

o Apartement rent, excluding utilities (faktisk hyra i hyressrätter, kallhyra) 
o Condominium mortgage, excluding utilities (bostadsrätt, nyttjandevärde kallhyra) 
o Rent for small houses, excluding utilities (småhus, nyttjandevärde kallhyra) 
o Goods and services for maintenance 
o Electricity 
o Gas 
o Liquid fuels, oil, kerosene and LPG 
o Solid fuels, wood, coal, pellets and chips 
o District heating (fjärrvärme) 

• Household purchases 
o Food and non-alcoholic beverages (11) 
o Alcoholic beverages and tobacco (5) 
o Clothing and footwear (6) 
o Furniture and household goods (12) 
o Health care (7) 
o Mail and telecommunications (3) 
o Education and recreation fees (1) 
o Miscellaneous goods and services (12) 

• Leisure 
o Vacation house mortgage, excluding utilities (1) (fritidshus, nyttjandevärde kallhyra) 
o Recreation and culture (21) 
o Restaurants and accommodation (2) 

• Transport 
o Car 
o Motorcycle, scooter, moped and motocross 
o Bicycle 
o Spare parts and accessories 
o Fuel and lubricants, gasoline, diesel, oil, glycol and carburetor alcohol (k-sprit) 
o Maintenance and repair 
o Miscellaneous fees for personnel transport (driver’s license, education, driving test, administrative and registration fees, motor vehicle inspection, bridge tolls, parking) 
o Company car use and car rental (bilförmån och bilhyra) 
o Intercity train 
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• Transport (continued) 
o Road transport; taxi and long-distance bus transport 
o Airplane 
o Boat 
o Mass transit 
o Other modes of transport; moving 

• Compensatory measures 
o Compensatory spending (3) 
o Own actions (1) 
o Environmentally friendly transport (2) 
o Alternative energy (5) The model calculates carbon dioxide equivalents, nitrogen (including both nitrogen oxides and reduced nitrogen compounds), and energy use based on the user’s spending. The method of 

Figure 10: EcoRunner-Total results page. 
Source: Frostell et al. 2009. 
Note: energi = energy; kol = carbon; kväve = nitrogen. 
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calculation is IO-LCA, which is described in detail in the following section. All life cycle stages are included: raw material acquisition, manufacturing, use and waste management. Spending and emissions for each of the four main categories are then summarized numerically in a table. As a result, consumers receive feedback on both their budget and the environmental impact of their spending. Figure 10 shows the EcoRunner-Total results presentation for an average Swede’s spending in all categories, except compensatory measures. From left to right, the bars in the chart in the upper right-hand corner refer to housing, household purchases, leisure, and transport. Two additional screenshots of the EcoRunner website are provided in Appendix C. 
2.4 Qualitative sustainable consumption recommendations This section discusses the appropriate content of sustainable consumption messages. As discussed in section 2.2 “Perspectives on consumption” (pp. 16–18), there are differing views on whether consumption should be reduced in aggregate or shifted to less environmentally damaging categories, if reduced at all. The view in conventional economics that more consumption equals greater well-being has been rejected. Following Brower and Leon’s reasoning, sustainable consumption messages should attempt to shift consumption rather than reduce consumption in aggregate. Writing for an American audience, Brower and Leon state, “Not all consumption has an equal impact on the environment. For that reason, a 10 percent across-the-board reduction in Americans’ consumption would not be the most effective way to reduce environmental damage” (1999, 11). More significant environmental benefits can be achieved by targeting the most environmentally significant behaviors. It is important to note that such a shift in consumption may lead to behavioral rebound effects, similar to the rebound effects for efficiency improvements discussed earlier. If a person reduces consumption in one high impact category, he or she can still increase overall impacts by increasing consumption in other categories (Hertwich 2005b). Quantification of environmental impacts from consumer behavior is accomplished using LCA. This method has been developed to assess the environmental impacts of a product or production system from cradle to grave, that is, from raw material extractions to recycling or disposal. (See figure 2 on p. 11 for life cycle stages.) As stipulated by ISO standard 14040, the required phases of an LCA are: (1) goal and scope definition, (2) inventory analysis, (3) impact assessment, and interpretation. In the first step, the type of analysis, system boundaries, and functional unit are determined according to the aim of the LCA. Two broad categories of LCAs exist: attributional and 
consequential. An attributional LCA is descriptive; it evaluates environmental impacts of a product’s life cycle as is. A consequential LCA is predictive; it evaluates prospective changes in a product’s life cycle as a result of some intervention and the resulting change in environmental impacts. The functional unit as the unit of comparison in the LCA determines the types of comparisons that will be made in the LCA. For example, choosing one liter of milk as a functional unit allows for comparison between several milk producers. On the other hand, the choice of 100 mg of calcium as the functional unit would allow for comparison with any food or beverage that contained calcium. The second step, inventory analysis, requires a model of the product system, data collection on material and energy flows for the modeled system, and an accounting of those material and energy flows. There are two basic methods for conducting an inventory analysis. One is process-based, and the other uses an input-output approach. In process-based LCA, each process in the product life cycle is modeled individually with respect to material and energy flows into and out of that process. 
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Recommendations for how best to shift consumption patterns have largely been developed through the use of IO-LCA, which is discussed in detail below. In the third step, life cycle impact assessment, the material and energy flows described in the previous step are translated into environmental impacts, such as climate change and land use. Finally, interpretation is a non-sequential step that occurs continuously throughout the LCA. According to the goals of the LCA, adjustments are made as the LCA is conducted based on new information (Rebitzer et al. 2004). More specifics on the LCA method are not central to this work; for a comprehensive summary, see Rebitzer et al. (2004) and Pennington et al. (2004). Input-output life cycle analysis uses the same principles as process-based life cycle assessment but includes economic data on the structure of a given economy to efficiently calculate environmental impacts. A Harvard University economist Wassily Leontief developed economic input-output analysis in the 1930s. The entire national economy is divided into sectors, for example, semiconductors and related devices, wholesale trade, other electronic components and so on. Economic inputs and outputs to and from each sector are determined from national statistics. For example, the production of computer peripherals equipment requires inputs from each of the sectors previously mentioned among others. By determining the inputs and outputs of each economic sector, one can generate a map of the national economy where currency flows between sectors also represent material and energy flows between sectors. Recently, economic input-output analysis has been augmented with emissions information to provide an overview of the environmental impacts of national economies. Based on additional national statistics, an emission factor can be calculated for each economic sector, for example, the mass of carbon dioxide emissions from the semiconductors and related devices sector per SEK of economic activity in that sector (Hendrickson et al. 2006, 10–18). By combining information about monetary flows between economic sectors and the environmental impacts of those flows, emissions for a wide variety of products and services can be calculated efficiently. EcoRunner-Total also uses this approach to calculate emissions and energy use for the Swedish national economy. Brower and Leon conducted a study in the 1990s in the United States to determine the most effective ways for Americans to shift their consumption patterns and achieve the greatest environmental benefits. Based on two comprehensive reports, one from the US EPA and one from the California Comparative Risk Project, they determined the most important environmental impacts linked to household consumption were air pollution, global warming, habitat alteration, and water pollution (Brower and Leon 1999, 44). They used an IO-LCA model of the US economy, called IMPLAN, to calculate indirect environmental impacts of household consumption. They also calculated direct impacts for each economic sector, for example, emissions from applying pesticides on lawn. The direct and indirect impacts were added to give the total impact for each of 134 economic sectors (221–222, 231). By taking into account the activities that are most common and the impact of each activity, they were able to identify the most harmful consumer activities as summarized in table 4. The three categories responsible for the majority of environmental impacts were food, household operations, and transportation. They add that “personal use of cars and light trucks is the single most damaging consumer behavior” (86). Finally, seven consumer activities   
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Table 4: High impact consumer activities and mitigation strategies. 

Consumption 
category 

Recommendations Notes 

Transportation   

Cars and light 
trucks 

Choose a place to live that 
reduces the need to drive. 

Live close to work, shops and public transportation. 

 Avoid purchasing another car. A new car makes driving easier; unnecessary driving is more 
likely to occur. 

 Choose a fuel-efficient, low-
polluting car. 

Determine the type of car needed by typical rather than 
extraordinary needs and then look for the least polluting 
vehicle to meet these needs. 

 Set concrete goals for reducing 
travel. 

Create a budget for car and air travel similar to a typical 
household, financial budget. 

 Walk, bicycle, or take public 
transportation. 

Walking and biking are preferable to using public transport. 

Food   

Meat and 
poultry 

Eat less meat. In order of importance, avoid beef and pork, poultry, and 
other types of meat. 

Fruit, 
vegetable, and 
grains 

Buy certified organic produce.  

 Grow produce in a garden.  

Household 
operations 

  

Heating, hot 
water, and air 
conditioning 

Reduce environmental costs of 
heating and hot water. 

Install new, efficient appliances. Switch to a cleaner fuel, for 
example from oil to natural gas or installing solar water 
heating. Ensure the home is well-insulated. Turn down the 
thermostat. 

Appliances 
and lighting 

Install efficient lighting and 
appliances. 

Install new, efficient appliances, especially compact 
fluorescent light bulbs. 

 Choose an electricity supplier 
offering renewable energy. 

Ask the energy provider to compare emissions from their 
renewable energy with the region’s average emissions from 
energy generation. 

Home 
construction 

Choose a house carefully. Avoid purchasing a larger house than needed; avoid houses 
with large yards; and avoid houses in new residential 
developments. 

Water and 
sewage 

— — 

Source: Brower and Leon 1999, 50, 85, 89–107.  
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with extremely high impacts regardless of frequency are listed (109): 
• Powerboats 
• Pesticides and fertilizers 
• Gasoline-powered yard equipment 
• Fireplaces and wood stoves 
• Recreational off-road driving 
• Hazardous cleaners and paints 
• Products made from endangered or threatened species Through this study, Brower and Leon have generated strategic recommendations for consumers who wish to reduce environmental impacts of their activities in the most efficient way. This approach also allows consumers to ignore relatively unimportant decisions, such as choosing paper or plastic bags at the grocery store check out (132). Similar analyses in other developed countries match the conclusions in Brower and Leon (1999). In a 2002 article, Spangenberg and Lorek describe a similar analysis for the German national economy using the input-output approach. Like Brower and Leon, Spangenberg and Lorek were only concerned with environmental impacts that could be influenced through consumer decision making and behavior. They identified the same three areas of consumer activity as generating the heaviest environmental impact: construction and housing; food and nutrition; and transport and mobility. In their categorization, housing includes “construction, maintenance, [and] heating” (Spangenberg and Lorek 2002, 135); food and nutrition includes “food production, cooking, [and] restaurants” (135); and transport includes “commercial transport, commuting and leisure related mobility” (135). While Spangenberg and Lorek do not single out transport as the most important activity, there is broad agreement about the most environmentally relevant consumer activities between these two analyses. In Towards Sustainable Consumption? the OECD examines sustainable consumption in OECD member countries and discusses the same three areas of consumer activity: food, transport, and household operations. Most of the world’s developed nations are OECD members, including Sweden and the eight countries with the largest economies—except for the People’s Republic of China. As a result, OECD’s analysis can be taken as representative for industrialized nations (21). Within each area of consumer activity, specifics vary between studies. For example, the OECD report discusses transport in terms of tourism travel, whereas Brower and Leon emphasize personal automobile use. The OECD report also differs in identifying household waste (contributing to municipal solid waste) as an important impact category. However, the list of important consumer activities matches the previous two studies mentioned. In conclusion, there seems to be consensus that the most important consumer activities in terms of reducing the environmental impacts of consumption are: transport, food, and the construction and operation of housing. 

2.5 Summary Sustainable consumption, while difficult to define, is better understood in the historical and theoretical context of international discourse on global environmental problems and industrial ecology, respectively. Historically, sustainable consumption became significant after Agenda 21 was 
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published in 1992. Theoretically, sustainable consumption has been justified with a variety of arguments against the emphasis on production-side improvements, specifically against the ability of new technology, efficiency gains, and the procurement of new natural resources to achieve sustainability on their own. Connected to these arguments is the acceptance of the strong sustainability position, which has been adopted in this work. That technological advancement and other forms of human capital can address environmental problems is inherent in the opposing weak sustainability position. One assumption underlying sustainable consumption strategies has also been identified. These strategies are only reasonable if the traditional sequence, where consumer demand drives production, is the case. Under the opposing position, the revised sequence, producers generate demand for their products, in which case changes in consumer demand could only be achieved via producers. Consumption has been defined specifically as the purchase, use and disposal of goods and services. However, the characterization of consumption as beneficial or harmful for individuals is complex. The needs-desires distinction has been adopted, which allows for some consumption to be reduced or changed without negatively affecting well-being. At the same time, some consumption is clearly necessary such as the satisfaction of everyday needs and perhaps consumption when used as a tool for communication in sexual competition or social identification. Finally, changes in consumption habits may be constrained by social norms, institutions, and infrastructure. Informational tools, such as eco-labels and websites, promote pro-environmental behavior either by describing the negative impacts of consumption or describing individual actions to reduce environmental impacts. There is contradictory evidence about the effectiveness of eco-labels, and evidence seems to be entirely lacking for informational websites. One such website, EcoRunner, is the basis of this study. Some common themes have emerged regarding the most environmentally significant consumer behaviors. Three areas of consumption have consistently been identified as the most important: transport, food and the construction and operation of housing. It seems the most important message to consumers is both how important these spending categories are and how to reduce environmental impacts associated with them.  





3 Methods The following section describes the methods of data collection and analysis for each project objective. The full statement of project aims and objectives is provided in section 1.2 “Aim and objectives” (p. 4). 
3.1 Objective one: conceptual frameworks The objective is to identify and describe conceptual frameworks from and within various disciplines with explanatory power for the interaction between consumers and environmental product information. 
3.1.1 Data acquisition Relevant conceptual frameworks in economics and psychology are identified and details are gathered through literature review. These frameworks implicitly or explicitly explain interaction between consumer behavior and environmental product information. Literature review was accomplished using the libraries available to the author, namely the Royal Institute of Technology Library, Stockholm University Library, Stockholm City Library, Södertörn University Library, and the National Library of Sweden interlibrary loan system (LIBRIS). Emphasis was placed on review articles and books which give mainstream views and synthesize information within a given academic discipline. An artificial cut-off was necessary where the investigation exceeded project resources. Potentially useful concepts which were excluded due to limited project resources are listed in section 5.4 “Future research” (pp. 73–75). 
3.1.2 Data treatment The literature review provided details of the major frameworks identified in the first step. This information was recorded and critically analyzed for major differences and similarities. Within academic disciplines, areas of minor disagreement were ignored; areas of major disagreement which result in structurally dissimilar models were treated as separate frameworks. 
3.2 Objective two: EcoRunner user interaction This objective evaluated the effect of EcoRunner on its users through user testing and a survey.  
3.2.1 Data acquisition The survey was developed based on literature review of survey design. Some notes on survey design are provided in Appendix A. In this project, a specific sub-group, experts on sustainable consumption and related fields, was polled. In total, 15 experts were invited to participate. The survey was implemented in Microsoft Excel and distributed via e-mail. The full survey is provided in Appendix D. It was first e-mailed to participants between the eighth and 18th of May, 2009, and reminders were sent out to non-respondents on the 18th of May. The study design for this survey is provided in table 5. Background in table 5 refers to the collection of demographic data and administering the NEP scale. Five questions on the demographics of participants were included to evaluate the effect of age and gender. To quantify core environmental beliefs of study participants, an abbreviated form of the NEP scale was administered. The NEP scale contains five questions using the format from Stern et al. (1999, 95). While others have used the NEP scale to measure 
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values and attitudes, its intended purpose was to measure core environmental beliefs (Dunlap et al. 2000). In this case, the NEP scale should illustrate whether participants’ environmental beliefs affect their reaction to EcoRunner feedback. More detail on the NEP scale is provided in section 4.1.2.3 “Value-belief-norm theory” (pp. 52–54). The observation part of the survey asks users to rate the environmental significance of nine categories of consumption, listed here: 
• Mass transit 
• Personal automobile 
• Bicycling 
• Meat 
• Fruit 
• Vegetables 
• Clothing 
• Telephone 
• Compensatory measures It also asks participants to rate their willingness to change their levels of consumption in each of these categories. Here, intention to act is used as a proxy for actual pro-environmental behavior. The first three categories address personal transport, and the next three categories address food. Both food and personal transport are two of the most important areas of consumer activity. By including a high-impact option for personal transport, personal automobile, along with low-impact substitutes (mass transit and bicycling), the survey reveals whether EcoRunner shifts spending toward low-impact categories. The same is true for food items, where meat as a high-impact category has low-impact substitutes fruit and vegetables. The last three categories were included to make the expected responses less obvious. The final part of the observation step asks users to rank the importance of the three environmental impacts described by EcoRunner (carbon emissions, nitrogen emissions and energy use). The experimental treatment is use of the EcoRunner website for approximately one hour. No specific guidance on using the website is given within the survey as the website itself provides users with instructions. Participants then return to the survey to complete the observation step again. Questions in both observation steps are identical, which allows the survey to measure the effect of the EcoRunner tool on participants. In the final step, feedback, users are presented with nine open-ended questions on their impressions of the tool and suggestions for improvement. These questions are designed to capture user reactions that might be missed by the restrictive, quantitative questions in previous sections. 

Table 5: EcoRunner survey study design 

 Session one 

Group one Background Observation Tx Observation Feedback 

Note: Tx = experimental treatment. 
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3.2.2 Data treatment Quantitative survey data is analyzed according to standard statistical practices in the social sciences. Specifically, to compare responses in the observation step before and after using the EcoRunner website, the mean of responses was used to determine the direction of change and the Wilcoxon signed ranks test was used to calculate statistical significance. Regression and non-parametric correlation were used to determine the relationships between increasing age and changes in purchasing intent as well as gender and changes in purchasing intent. Sprearman’s rho (ρ) was used to test for non-parametric correlation between NEP scores and the willingness to change purchasing behavior. Background on statistical methods is provided in Appendix B. Open-ended questions were evaluated using critical analysis.   





4 Results 

4.1 Conceptual frameworks for consumption The following section describes useful concepts from two academic disciplines, psychology and economics, for understanding the effects of the EcoRunner website on consumer behavior. As discussed in section 1.3 “Research methodology,” conceptual frameworks are not only investigated to determine which is more or less objectively correct. Empirical support is crucial, but an equally important criterion is how useful the framework is for studying and understanding the relevant phenomena. This approach mirrors that taken by the OECD in its own report on sustainable consumption: “The objective of this discussion is not to suggest that one conceptual framework is more powerful than another. Valuable insights into consumer decision-making can be drawn from each” (2002, 61). Section 4.1.1 discusses concepts from economics, and section 4.1.2 discusses concepts from psychology. Finally, section 4.1.3 “Available strategies” discusses how these concepts can be applied to encourage pro-environmental behavior using the EcoRunner tool. 
4.1.1 Economics In Microeconomics and Behavior, Frank characterizes economics as both a normative and descriptive study of optimizing human well-being under the constraint of scarce resources. He clarifies that resources other than money, such as time, can also be scarce (2008, 3–4). The following sections describe the rational consumer choice model from conventional economics and a critique of that model from behavioral economics. Another important sub-discipline, ecological economics, has been excluded as its critique of conventional economics focuses on macro- rather than microeconomics. As behavioral economics addresses the rational consumer choice model directly, it is more relevant for consumer behavior. Some perspectives from ecological economics have been interspersed throughout the report, where they are relevant, for example in the discussion of weak versus strong sustainability. 
4.1.1.1 Rational consumer choice model The understanding of consumer behavior in conventional economics is based on the rational consumer choice model. Importantly, conventional economics views humans as essentially rational, where rationality is defined in one of two ways as discussed below. In this model, consumer behavior is a two-step process. In the first step, the consumer determines the feasible combinations of goods and services he or she is able to purchase. A combination of two or more goods and services is referred to as a bundle in economics terminology (Frank 2008, 56). The budget 
constraint or budget line is a function of the consumer’s income and the prices of goods and services (57) and determines the affordable set. The affordable set simply contains bundles located within the budget constraint (58). Ultimately, the consumer’s total wealth, rather than income, determines the affordable set (239). After determining which bundles can be purchased, he or she selects the bundle that maximizes his or her own utility (56, 84). Utility can be simply understood as satisfaction, and a bundle with higher utility will provide more satisfaction (83). Utility for a given consumer is determined by his or her individual preferences or tastes. Preference has a specific meaning in economics, referring to a wide-range of psychological factors. It includes simple preferences, for example for vanilla-flavored ice cream, and attitudinal factors, such as emotions, 
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values, and social norms (232). These preferences partly explain how similar individuals in a similar situation may behave differently. Importantly, consumer preferences are regarded as exogenous. In other words, they originate from somewhere outside the consumer, and “there is no logical basis for questioning them” (212). To summarize, consumer choice is a two-step process, where available goods in the marketplace, income (actually wealth), and prices constrain the affordable set. Consumers select the optimal bundle of goods and services from the affordable set based on utility maximization and preferences. With the exception of preferences, each of these factors has a mathematically defined effect on choice. Another key aspect of conventional economics is the view that all decisions can be translated into monetary terms. In situations where money is not clearly involved, it is incorporated into decisions as willingness to pay. Frank illustrates this view with the decision of whether or not to turn down a loud stereo when sitting in a comfy chair. First, the person asks how much the inconvenience of getting out of the comfy chair is worth. In other words, how much would this person need to be paid in order to stand up regardless of other factors such as the loud stereo? Then, the person asks him- or herself the amount of money he or she would be willing to pay someone else to turn down the stereo. Whichever cost is lower determines the best course of action (Frank 2008, 5). The term rational in the rational consumer choice model has two possible definitions. The first is called the present-aims standard. Under this standard, a person is rational if he or she is “efficient” in pursuing his or her present aims (Frank 2008, 211). The present-aims standard of rationality allows for individuals to act differently in the same situation while still behaving “rationally” by explaining that their aims may differ. The second definition of rationality is the self-interest standard. Under this standard, a person is rational when he or she acts based on material self-interest. The self-interest standard explains a wide variety of human behavior, such as car pool formation after an increase in gas prices. However, each of these standards is problematic. Frank points out that the present-aims standard loses legitimacy because it can be used to describe almost any behavior as rational. Behavior which appears irrational must have been the person’s present aim, determined by his or her preferences. This conception is clearly problematic for behavior that harms the individual or comes at great cost while providing no apparent benefit. The self-interest standard, on the other hand, seems too narrow in many circumstances where people do not appear to gain materially from their behavior, for example, during recreation (211–212). As will be shown below, Frank’s discussion of human motives ultimately rests on the self-interest standard. Pro-environmental behavior is seen as a result of individual preferences in conventional economics. Frank identifies strategic preferences as the explanation for cooperative and seemingly non-self-interested behavior. For example, a preference for fairness is considered a strategic preference (2008, 229), while a preference for sweet desserts is not. According to Frank, strategic preferences “help the individual to solve important problems of social interaction” (215). More specifically, commitment problems, such as Prisoner’s Dilemma (see pp. 20–21), are solved through strategic preferences. Two people with a strategic preference for loyalty will successfully navigate Prisoner’s Dilemma. Both will prefer to be trustworthy and to trust his or her partner-in-crime. As a result, neither will inform on the other. Each choice to remain silent appears to oppose the 
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immediate self-interest of the prisoner (as in the self-interest standard of rationality), but the final outcome of cooperation is, in fact, the best possible outcome for both prisoners. In this way, strategic preferences actually result in material gains for those who hold them. However, Frank believes that these non-selfish, strategic preferences can only bestow material advantages when they are genuinely felt and authentically expressed. Trustworthiness cannot be faked. The partner-in-crime would necessarily detect untrustworthiness over the course of several interactions or perhaps through word of mouth. Frank’s assumption is that there are no perfect actors and no perfect performances. As a result, the strategic preference is only useful if it is genuinely felt and acted upon consistently. However, Frank argues that these preferences exist because they do confer material advantages (232–233). He discusses strategic preferences in relation to a combined ecology-game theory model of hawks and doves (predator and prey). He suggests that strategic preferences are the result of evolutionary adaptation when he writes,  
The rational choice model … regards the consumer's tastes [preferences] as given, a set of goals the 
consumer strives to fulfill. Ecological models like the hawks and doves example take a step back 
and ask where those tastes come from. These models view preferences not as ends in themselves 
but as a means by which individuals achieve important material objectives (in the hawks and doves 
case, the acquisition of calories needed to survive and reproduce). (Frank 2008, 218; emphasis 
added) Finally, the self-interest standard is the ultimate test of rationality and decider of human behavior: people act on non-selfish motives because they gain materially from doing so, even though they may not recognize this motivation in the decision making moment.  

4.1.1.2 Behavioral economics Behavioral economics draws on the social sciences generally and behavioral psychology specifically to paint a more realistic picture of decision making than in conventional economics. Behavioral economics emphasizes the differences between the rational consumer choice model and people’s actual behavior. In broad terms, people are assumed to pay “full attention, [possess] complete information, unlimited cognitive abilities, and complete self-control” (Thaler and Sunstein 2008, 5) in conventional economics. Thaler and Sunstein emphasize the point by comparing the average person under conventional economics to Albert Einstein, IBM’s supercomputer Big Blue and Mahatma Gandhi (6). In general, people can be expected to behave irrationally, that is, against their own self-interest, when they are unable or unwilling to apply the necessary self-control, gather or recall relevant information, or carefully analyze information they have. Thaler and Sunstein identify the types of decisions that individuals are likely to make irrationally. These are “choices that have delayed effects; those that are difficult, infrequent, and offer poor feedback; and those for which the relation between the choice and experience is ambiguous” (76–77). First, rational decisions are difficult when benefits are experienced now and the costs of the decision are delayed. They write, “Self-control issues are most likely to arise when choices and their consequences are separated in time” (73). Second, complicated decisions, such as choosing a mortgage, may overwhelm the skills and abilities of the individual resulting in a poor final decision (74). Difficult decisions become easier when they have been dealt with more often; conversely, unique or infrequent decisions are more likely to result in irrational choices. Decisions which do 
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not provide good feedback are difficult as well: “Even practice does not make perfect if people lack good opportunities for learning. Learning is most likely if people get immediate, clear feedback after each try” (Thaler and Sunstein 2008, 75). In other words, consequences need to be salient (46). Finally, when there is uncertainty about which decision will best satisfy preferences, poor choices are more likely. For example, when ordering unfamiliar foreign food, the restaurant patron is unsure how he or she will experience the consequences of the decision, that is, whether he or she will enjoy the exotic cuisine (76). People also deviate from the rational consumer choice model when they use heuristics to quickly make decisions without fully considering all options. People use these rules of thumb because they are too busy to gather information and carefully analyze it in every decision situation (Thaler and Sunstein 2008, 22). Even if they “work” in many situations, these heuristics are also biases, since they are not rational and do not lead to logically sound conclusions. The following are discussed below: anchoring, availability, representativeness, optimism, gains versus losses, the status quo bias and framing. Anchoring is used to estimate an unknown quantity based on a known quantity, for example the population of a city or the distance between two cities. The final estimate is biased toward the anchor, so that if the anchor is much smaller than the object in question, the person will underestimate the amount. Likewise, if the anchor is much larger, the person will overestimate the amount (23). The availability heuristic applies to risk assessment; people overemphasize risks which they receive more information about regardless of the actual risk. For example, most people in the United States would estimate there are more murders than suicides since murders are more widely reported in the media. In fact, suicides are much more frequent (25). Representativeness, or the similarity heuristic, is a bias when determining whether an object belongs to a certain category (26). For example, if Steve is a shy person and participants in a study are asked to estimate the likelihood that he is a salesperson or a librarian, most will respond that he is a librarian. While shy librarians may be more common than shy salespeople, the overall number of salespeople is much greater so that the overall number of shy salespeople is also greater (Frank 2008, 248–249). People also tend to overestimate their own skills and abilities, for example, driving skill, sense of humor, professional ability (Thaler and Sunstein 2008, 32). Next, people view gains and losses asymmetrically, so that losses are overvalued compared to gains of the same amount. Thaler and Sunstein state, “Roughly speaking, losing something makes you twice as miserable as gaining the same things makes you happy” (2008, 33). In other words, people are loss averse. Similarly, the status quo bias causes people to overvalue their current situation, for example, by not changing long-term investments or by not exploring other television channels when their show ends (34–35). Finally, the language used to present options, called framing, also irrationally affects decision outcomes. Even though the objective situation is equivalent, a person is more likely to opt for a surgery that leaves 90 out of 100 patients alive after five years than one that leaves 10 out of 100 patients dead after five years (36). Other biases exist as well. For example, sunk costs are overvalued. A person who has already committed resources to a choice may decline an objectively favorable alternative (Frank 2008, 242). In fairness, conventional microeconomics does not ignore these deviations from the rational consumer choice model. In fact, most of the heuristics described above are also included in the main source for discussion on conventional microeconomics, Frank (2008). However, it seems conventional economists tend to emphasize the normative aspect of their field rather than the descriptive side. 
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Thaler and Sunstein also discuss strategies for arriving at beneficial outcomes in situations where irrational or poor decision making is likely. First, they describe two strategies for situations where the difficulty of self-control is the predominant cause of poor decisions. In the first of these, called external strategies, the individual recognizes there will be difficulty with self-control in the future and takes action to facilitate a better outcome. For example, many people automatically deposit a portion of their paychecks into a savings account, thereby avoiding the temptation to spend the money (Thaler and Sunstein 2008, 44–48). Second, people may use mental accounting to budget money for certain purposes, such as rent, food, and entertainment. Even though money from the food budget can clearly be used for entertainment, the person is less likely to do so once an implicit or explicit budget has been established. This strategy corresponds to a recommendation in Brower and Leon (1999) for consumers to give themselves a travel budget to reduce their automobile and air travel (see table 4 ovan, p. 35). Second, Thaler and Sunstein discuss the following social influence strategies: information, peer pressure, and priming. For a group member, information about the group’s thoughts and actions can influence the member’s evaluation of what is best for him- or herself. Peer pressure is applied when the group member is concerned with how he or she is perceived by group members and acts accordingly. These strategies correlate strongly with those discussed below in section 4.1.3.3 “Subjective norms” (p. 55). Schultz et al. (2007), a study on energy conservation in roughly 300 households in San Marcos, California (USA), provides valuable lessons for the practical use of these strategies. All households were given information about their own energy use and the energy use of their neighbors. Households using more than average amounts of energy decreased their energy use, while below-average energy users increased their energy consumption. This increase in consumption by below average energy users has been called the boomerang effect of normative messages. However, when the feedback given to below average energy users also conveyed social approval with a simple smiley face, their consumption did not increase (Thaler and Sunstein 2008, 68). This study illustrates both the benefits and dangers of using social influence to promote certain behaviors. Another strategy called priming asks participants their intention to perform an activity such as eating certain foods, dieting, exercising, etc. Simply asking participants about their intentions to perform an activity increases the likelihood they will engage in the activity, also called the mere-measurement effect (70). For example, a survey asking participants if they plan to buy a car in the next six months will by itself cause some participants to buy a car. Finally, Thaler and Sunstein describe ways in which choice architecture can be adjusted to improve the outcome of decision making. Choice architecture is the way in which alternatives are presented to an individual. For example, in the United States, employers often offer retirement investment accounts to their employees. Employees are less likely to join if they must opt in to the program. However, if the employer makes enrollment automatic, the default option becomes participation in the program. Since this default option is in the best interest of the individual, choice architecture has been used to improve the outcome. According to Thaler and Sunstein, the default option and the easiest option should be the alternative which is best for the person. Because of the status quo bias, for example, people are more likely to select this option (Thaler and Sunstein 2008, 83). They also recommend incorporating the tendency for people to make mistakes into choice architecture. For example, people have a tendency to leave their bank card in the ATM or forget 
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their gas cap on the hood of their car when refueling. These common errors have been resolved by returning the bank card before dispensing cash and by attaching the gas cap to the car with a small piece of plastic, respectively (88). In accordance with the discussion above, they also recommend giving feedback (90) and making a clear connection between the choice and the person’s welfare. The latter strategy is called mapping. Mapping puts information in the most relevant terms for the person receiving the information, for example, “transforming numerical information into units that translate more readily into actual use” (92). Research described in Nissinen et al. (2007) confirms the value of mapping with respect to environmental information. For complicated decisions, such as purchasing a mortgage, the authors recommend that the person structuring the choice pay special attention, since he or she will have greater influence on the outcome (95). Finally, Thaler and Sunstein recommend using prices and incentives, two strategies from conventional economics (97). 
4.1.2 Psychology Within the field of psychology, two theories dominate in explaining pro-environmental behavior. The first is the theory of planned behavior (TPB), which bases consumer behavior on rational choices, and the second is the value-belief-norm theory (VBN) which explains behavior as a function of morals. Typically, the theory of planned behavior has been used to explain specific behaviors, such as recycling, while the value-belief-norm theory has been used to explain general pro-environmental behavior (Kaiser et al. 2005). According to Kaiser et al. (2005), each of these theories has been investigated in a distinct research tradition with little overlap or cross-examination. In a study which compared the explanatory power of VBN to the TPB, the TPB better explained pro-environmental behavior, although both theories performed well. Although there is a lack of empirical support, the needs-opportunity-ability model (NOA) is briefly discussed as it provides an interesting framework for consumer behavior. Some terminology is necessary before proceeding with detailed discussion of these models. Broadly speaking, these terms are presented according to their rough placement in a causal chain from values to behavior (Mowen and Minor 1998, 567). Also, these terms are presented from the consumer science perspective; they may be defined differently in other sub-disciplines in psychology. Values are “the principles and fundamental convictions which act as general guides to behaviour, the standards by which particular actions are judged as good or desirable” (Halstead et al. 2000; emphasis added). The term attitude seems to have a non-specific definition in the psychology literature. For the purposes of the following discussion, attitude is regarded as a straightforward liking or disliking of something (Mowen and Minor 1998, 249). This definition oversimplifies a sizeable debate within the field of psychology but serves the purposes of this study. 
Belief refers to consumer knowledge: “Consumer beliefs are all the knowledge a consumer has and all the inferences a consumer makes about objects, their attributes, and their benefits” (Mowen and Minor 1998, 242). An object is anything about which a person may hold a belief or attitude, including people, products, and ideas. Importantly, consumers do not know objective reality in this conceptual framework; instead they have beliefs which may or may not match objective facts. Objects have meaningful attributes, or characteristics (242), such as price in the case of products. Of 
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course, different products vary in their important attributes: the taste of ice cream may be as important as the screen resolution of a laptop monitor. Incidentally, price is a significant attribute for most consumers (248). Consumers are said to hold three types of beliefs: object-attribute, attribute-benefit, and object-benefit beliefs (243). A benefit is a positive effect for the consumer provided by an object’s attribute (242). Intention is the motivation to perform a certain behavior (Ajzen 1991), and consumer behavior is, “the activities people undertake when obtaining, consuming and disposing of products and services” (Blackwell et al. 2006, 4). 
4.1.2.1 Theory of planned behavior According to the TPB, behavior is based on self-interest and rational deliberation (Kaiser et al. 2005). The theory of planned behavior extends an older theory, the theory of reasoned action, to account for factors outside of a person’s control (Ajzen 1991; Kaiser et al. 1999). The theory of reasoned action and theory of planned behavior are shown in figure 11 and figure 12, respectively. Specifically, the theory of planned behavior adds perceived behavioral control to the theory of reasoned action. In both theories, the intention to act immediately precedes behavior in a causal chain. According to Ajzen, “Intentions are assumed to capture the motivational factors that influence a behavior; they are indications of how hard people are willing to try … in order to perform the behavior” (1991, 181). The theory of planned behavior describes intention as a function of three other variables: attitude toward the behavior, subjective norms, and perceived behavioral control (Ajzen 1991; Kaiser et al. 2005). The first variable, attitude, is the person’s favorable or unfavorable opinion of the behavior (Ajzen 1991). More specifically, Kaiser et al. 2005 describes the attitude as “a behavior’s subjective utility” (Kaiser et al. 2005, 2151). Using terminology from conventional economics, attitude is a “rational-choice based evaluation of the consequences of a behavior” (Kaiser et al. 2005, 2151). Moral norms, although not explicitly included in the TPB, appear to be closely related to the attitude component. Kaiser writes, “it seems moral norms are already represented in people’s environmental attitude, either as its powerful antecedent or as its evaluative essence” (2006, 73). The second determinant of intention, the subjective norm, is defined as “perceived social pressure to perform or not to perform the behavior” (Ajzen 1991, 188). In other words, it is the subjective experience of peer pressure. Note 

Figure 11: The theory of reasoned action. 
Source: Kaiser et al. 1999, 3. 
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the distinction between moral and social pressures in this model. Social pressures appear in the 
subjective norm component, and moral pressures may appear in the attitude toward the behavior component. The final variable is perceived behavioral control, which influences behavior in two ways. A distinction is made between actual behavioral control and perceived behavioral control. Ajzen defines perceived behavioral control as confidence in the ability to perform the behavior, for example in the ability to become an airline pilot. The relationship between these two factors is intuitively clear: if a person feels he or she is more likely to succeed, he or she is more likely to attempt the behavior. Actual behavioral control is a function of opportunities and resources, such as time, money and skills. It reflects the fact that an intention can only result in behavior when the behavior is able to be performed. As a result, behavioral control influences behavior both directly as actual behavioral control and indirectly as perceived behavioral control. In order for this model to accurately predict behavior, perceived behavioral control must approximate actual behavioral control. Many situations, for example highly uncertain situations, do not fit this criterion. In situations where actual behavioral control is high, intentions are often sufficient to predict behavior. For example, voting intentions are often highly predictive of actual voting behavior. Of these three determinants of intention, any can be the most significant in a given situation and for a particular behavior. 

 
Figure 12: The theory of planned behavior. 
Source: Ajzen 1991, 182. 
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The TPB resembles the traditional economic conception of consumer behavior where a person is seen as both rational and self-interested. The theory is subject to at least one criticism which is also applied to conventional economic theory: moral norms are excluded. At least in the case of the TPB, studies have investigated whether adding a moral norm component to the model improves its explanatory power. Research to determine whether moral norms should be included is ongoing. See, for example, Kaiser (2006).  
4.1.2.2 Needs-opportunity-ability model The needs-opportunity-ability model, shown in figure 13, is a more specific version of the TPB, which expands the perceived behavioral control term into opportunities and abilities. It was inspired by an earlier model, the motivation-opportunity-ability model. Opportunities are “external facilitating conditions” such as prices or availability of goods and services, while abilities refer to the “internal capacity” of the individual to perform the behavior in question, such as time, income or physical fitness (OECD 2002, 66). Both of these factors address the amount of control the person has over performing the behavior in question. In addition, the entire behavioral process is seen as occurring within a societal context composed of five factors: technology, economy, demography, institutions and culture. The societal context as a whole influences individuals’ perceptions of their own needs as well as their opportunities and abilities, but unlike the theory of planned behavior, social norms do not have an explicit place in the NOA model. It should be noted that so far no verification of the NOA model has been found in literature. According to standard practices in the 

 
Figure 13: The needs-opportunity-ability model. 
Source: OECD 2002, 67. 
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field of psychology, models are verified using statistical analysis (Field 2005, 2). As a result, the NOA model may not be rigorously verified and should be treated carefully until such analysis is located and reviewed. Although the specific components have not been verified, the structure largely matches the theory of planned behavior and the model for pro-environmental consumer behavior in Gardner and Stern (2002) (see table 3, p. 25). 
4.1.2.3 Value-belief-norm theory Value-belief-norm theory, shown in figure 14, is the main rival to the TPB for explaining pro-environmental behavior. Essentially, it is a more developed version of moral norm-activation theory, which has been specifically applied to pro-environmental behaviors (Stern 2000). More specifically, it is based on the theory of personal norms, the New Ecological Paradigm hypothesis, and Schwartz’s moral norm-activation theory, (Stern et al. 1999, 83, 85; Stern 2000). This theory differs fundamentally from the theory of planned behavior in that pro-social, including pro-environmental, behavior is seen as altruistic rather than motivated by self-interest. Schwartz’s moral norm-activation theory describes pro-social behavior (also called altruistic behavior) as a result of personal moral norms being “activated” in certain situations. These are situations where an individual perceives potential adverse consequences for a valued object, which in this case is the environment. Then, the person feels that his or her actions could mitigate those consequences and is motivated to act. In Stern et al. (1999), the theory is summarized as follows, “We propose that norm-based actions flow from three factors: acceptance of particular personal values, beliefs that things important to those values are under threat, and beliefs that actions initiated by the individual can help alleviate the threat and restore the values” (83). The causal chain in this theory goes from values to beliefs to the activation of the personal norm to the behavior itself. Each of the items in figure 14 can be explained further. In general terms, values consist of, “enduring beliefs about desired states of existence” (Mowen and Minor 1998, 565). While the original moral norm-activation theory only included altruistic values, VBN adds biospheric and egoistic values, so the theory can be applied to social movements in general. Stern et al. point out that “religious fundamentalist movements rest on conservative value types such as those labeled tradition, conformity, and security” (1999, 83). The values shown in figure 14 are relevant when viewing environmentalism as a social movement. Biospheric refers to “altruism towards other species”; altruism refers to “altruism towards other humans”; and egoistic refers to “self-interest” (Stern et al. 1999, 85). As noted in figure 14, egoistic values counteract biospheric and altruistic values. Ecological worldview is quantified using the NEP scale. Developed in 1978, it was originally called the New Environmental Paradigm (Dunlap et al. 2000) and used to quantify beliefs about humanity’s negative environmental impacts (Roser-Renouf and Nisbet 2008). A revised version called the New Ecological Paradigm was published in 2000; it attempted to measure “ecological consciousness” rather than environmental concern (Roser-Renouf and Nisbet 2008, 46). Stern eloquently characterizes NEP as a worldview in which “human activity and a fragile biosphere are seen as inextricably interconnected” (2000, 411). This ecological worldview describes core beliefs, or a belief system, with respect to the environment. Core environmental beliefs quantified by the NEP scale influence attitudes and beliefs toward specific environmental issues. Specifically, the NEP 



Fel! Använd fliken Start om du vill tillämpa Heading 1 för texten som ska visas här. 

53 

scale comprises fifteen statements, and respondents rate the degree to which they agree or disagree with each statement. The actual fifteen-item NEP scale is given in Appendix E. Modifications, for example shortening the list of questions, are common. The scale has been treated by other authors as a measure of environmental attitudes and values, as well, although the scale was intended to measure beliefs. In Dunlap et al. (2000), this ambiguity is attributed the scale’s original authors, Dunlap and Van Liere, and their failure to provide a sound theoretical basis for the New Environmental Paradigm scale. The next two items, awareness of adverse consequences (AC) and perceived ability to reduce 
threat (AR), have the same meaning in moral norm-activation theory. AC is the belief that environmental conditions pose a threat to other people, species or the biosphere (Stern et al. 1999, 85). AR refers to a person’s perception that his or her actions could forestall those consequences, whatever they may be. The personal norm is not an intention but rather a sense of obligation or a “general predisposition” (Stern 2000, 413) to act based on certain values and beliefs. In the case of pro-

 
Figure 14: The value-belief-norm theory of environmentalism. 
Source: Stern 2000, 412. 
Notes: 1. Arrows represent postulated direct effects. Direct effects may also be observed on variables more than one level 
downstream from a causal variable. 2. Empirically, measures of egoistic values have been negatively correlated with 
indicators of environmentalism.  
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environmental behavior, the personal norm is a sense of obligation to avert environmental impacts in order to protect the environment as a valued object (Stern et al. 1999). Pro-environmental consumer behavior has been categorized in VBN as a subtype of environmentalism, which comprises four distinct types of behavior. The first, environmental activism includes participation in demonstrations and membership in environmental organizations. While environmental activism is environmentally significant behavior, VBN was developed to explain non-activist environmental behaviors. Non-activist behaviors in the public sphere include the acceptance or support of pro-environmental policies and regulations. Next, private-sphere behaviors have been the focus of consumer researchers, psychologists and this report. These behaviors include the acquisition, use and disposal of consumer products. Finally, when employees influence their employers to adopt pro-environmental policies and procedures, they are engaging in behaviors in organizations (Stern 2000). According to Stern, these categorizations are “psychologically meaningful” (2000, 410). In other words, studies have verified they correspond to qualitatively distinct psychological processes as each “was predicted by a different pattern of norms, beliefs, and values” (Stern 2000, 411). In conclusion, VBN describes pro-environmental consumer behavior as the result of efforts to protect a valued object, the environment, which are in turn the result of altruistic values and pro-environmental beliefs. 
4.1.3 Available strategies This section discusses how the concepts described above can encourage pro-environmental behavior using the EcoRunner tool. It is not necessary to select one theory as correct. With the exception of NOA, they have all been demonstrated to provide explanatory power for consumer behavior. Each theory describes behavior as a product of several other factors. If the EcoRunner tool will increase pro-environmental behavior, it will have to address these factors. This section examines the mechanisms by which the EcoRunner tool might influence these factors and encourage pro-environmental consumer behavior. Factors are addressed in the following order. The first and second sections address conventional economics and behavioral economics, respectively. The following sections address factors identified in the TPB and VBN. First, factors in the TPB are addressed: subjective norms, the attitude towards the behavior, and behavioral control. Second, factors in VBN are addressed: values and beliefs. 
4.1.3.1 Prices and incentives Factors influencing consumer behavior from conventional economics are not addressed by EcoRunner. Conventional economics does not discuss how to generate a preference for pro-environmental behavior in a person who lacks it. Preferences are regarded as exogenous, and their cause is not explored further. Statements from Frank (2008) only imply that preferences might be the cause of evolutionary adaptation, and this implication was only ferreted out with careful reading of his text. As a result, there is no useful guidance about generating pro-environmental attitudes. Microeconomics defines very specifically how certain external factors (income, prices, and available goods) affect consumer behavior. If prices of environmentally friendly goods were lower, more people would certainly buy them; however, these factors are not addressed by EcoRunner directly. Consequently, conventional economics does not describe how EcoRunner can generate pro-environmental behavior either. 
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4.1.3.2 Behavioral commitment Behavioral economics describes why decisions with environmental impacts would be difficult even for a person with pro-environmental attitudes and provides some strategies for improving decision making. While such decisions are not infrequent, people often lack feedback, or feedback is ambiguous. Also, pro-environmental decisions often carry immediate costs and delayed benefits. For example, sorting recycling requires additional time, and environmentally friendly products often cost more than conventional products. While these costs are immediate, benefits for the environment are only recognizable in the long-term. Because EcoRunner is an informational tool, the discussion on heuristics is most applicable in terms of how to convey information. Two of these are particularly relevant for EcoRunner. As a tool providing feedback, the clear lesson is that information from EcoRunner will be most effective when it is easily understood and arrives as soon as possible after the purchase. Also, experts may more readily understand the information provided by EcoRunner in the units provided, whereas a non-expert may less clearly see a connection between carbon turnover and his or her own future well-being. Choice architecture is largely irrelevant because EcoRunner, as an informational tool, does not offer purchasing opportunities directly to its users. The discussion of mapping, at least, reinforces the importance of providing feedback in terms that are easily understood and meaningful for EcoRunner users. It is difficult to see how external strategies and mental accounting might be used by EcoRunner. Priming could also be used by including a survey for users on whether they intend to change their spending habits. This strategy could be more effective if e-mail reminders and follow-up surveys were used. 
4.1.3.3 Subjective norms Subjective norms can influence pro-environmental behavior as follows. Mowen and Minor define a norm as, “a behavioral rule of conduct agreed upon by over half of the group in order to establish behavioral consistency within the group” (1998, 486). They also identify three ways in which norms can influence consumers. The first, normative influence, directly addresses behavior; that is, a group member adjusts his or her behavior to fit the observed behavior of other group members. In the second, informational influence, the group provides information which is perceived as highly credible and influences the individual’s behavior. In the third, value-expressive influence, the group’s values and attitudes influence the consumer (486–487). Norms can either be explicit, for example in laws and regulations, or implicit, sometimes only recognizable after spending significant time in a given culture or group. Goldstein et al. studied the effect of social norms on pro-environmental behavior in hotel guests. Hotel guests were asked to reuse their towels rather than request new, clean towels in order to “help save the environment” (Goldstein et al. 2008, 473). When this request was supplemented with an arbitrary but believable statement that 75% of the other hotels guests had participated in the conservation program, cooperation increased from 35.1% to 44.1%. Gardner and Stern discuss another study on norms which used littering in public places as the environmentally significant behavior. This study yielded similar results. All of the following can affect behavior: reminding the participant how others normally behave, what others expect the participant to do, or what the participant him- or herself believes he or she should do (2002, 89).  Social influence strategies could easily be integrated into the tool: providing information about the purchasing behavior of average Swedes and other EcoRunner users would very likely impact 
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the behavior of an EcoRunner user. As noted in Schultz et al. (2007), the use of such information needs to be carefully conveyed to avoid the boomerang effect. Also, the use of social norms requires some ethical consideration. In the study by Goldstein et al., participants increased their pro-environmental behavior, but they did so based on false information. They were told that 75% of hotel guests agreed to reuse their towels when, in fact, less than 50% did under any of the study conditions. 
4.1.3.4 Attitude toward the behavior When used to change attitudes, the EcoRunner tool can be seen as persuasive communication. Persuasion is defined as “the explicit attempt to influence beliefs, attitudes, and/or behaviors” (Mowen and Minor 1998, 278). The objective of persuasion in this context is to increase pro-environmental behavior in consumers, either by directly influencing behavior or by indirectly influencing beliefs or attitudes, which subsequently cause a change in behavior. While all three of these (attitudes, beliefs, and behavior) are connected, the following section discusses attitude change related to the TPB. The relevant beliefs from VBN are addressed further in section 4.1.3.7 “Beliefs,” (pp. 62–63).  

 The four paths for attitude, belief, and behavior change as shown in figure 15 correspond to three consumer learning processes and research perspectives within the field of psychology. Arrows in figure 15 point to the item directly affected by incoming information; the other two of the three (beliefs, attitudes, and behavior) are indirectly changed afterward as individuals are motivated to maintain internal consistency. For example, a direct behavior change can result in 

 
Figure 15: Paths to belief, attitude and behavior change. 
Source: Mowen and Minor 1998, 280. 
Note: long dashed arrow = behavioral influence path; dashed arrow = experiential 
path; square dotted arrows = decision making path. 
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indirect attitude formation through behavioral learning. As different psychological processes are at work in each pathway, different research perspectives within the field of psychology are used to investigate them. These are summarized in table 6.  
Table 6: Psychological research perspectives on behavior change. 

Causes behavior change Relevant research perspective 

Beliefs Cognitive learning perspective 

Attitudes Experiential perspective; behavioral influence processes 

Behavior Behavioral influence perspective 

Source: Mowen and Minor 1998, 252.  In general, there are two types of consumer learning, cognitive learning and behavioral learning. Cognitive learning is conceptual learning as in a typical lecture-style classroom experience. Under this framework, consumers are seen as rational decision makers. Behavioral learning, on the other hand, occurs through direct experience with the environment, for example, when a child learns not to touch a hot stove by burning his or her hand (Mowen and Minor 1998, 130). In this perspective, environmental forces (environmental in the general sense meaning “external to the individual”) directly influence behavior without first impacting beliefs or attitudes. As a result, consumer behavior is neither the result of rational decision making nor seeking certain affective (emotional) states. Behavioral influences include “sales promotion devices (e.g., contests), cultural norms, the physical environment, and economic pressures” (10). As pointed out above, consumers do not typically have direct experiential access to the environmental impacts of their behavior. As a result, such information is usually only available through cognitive learning. In its current implementation, the EcoRunner tool does not employ any strategies to influence behavior or attitudes directly. Following from this analysis, attitude and behavior is best understood as the result of cognitive learning when using the EcoRunner tool. It provides information, which may create or change consumer beliefs about products or their own purchasing behaviors. However, some lessons from behavioral psychology are certainly relevant for EcoRunner; these are discussed in the previous section. The third perspective, the experiential perspective, is not addressed here in detail, since the types of purchases addressed appear trivial with respect to EcoRunner. Briefly, in the experiential perspective, consumers are motivated to purchase a given product or service for the emotional experience. Impulse purchases and purchases for variety fall into this category (9). There are two paths associated with cognitive learning, the high-involvement and low-involvement path. Involvement refers to information processing and the degree to which a given message captures an individual’s attention. Involvement can also be seen as personal importance or interest (Mowen and Minor 1998, 64). High involvement leads to “greater depth of information processing … and more extended decision making” (67). Under high-involvement processing, the message is evaluated based on its merits, that is, the quality of arguments in the communication. If 
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the message is accepted, it results in a belief change, which then results in attitude and behavior change in turn. Under low-involvement processing, peripheral cues such as the attractiveness and expertise of the message source are used as proxies to determine whether the message should be accepted. Also, under low involvement processing, beliefs may change but attitudes and behavior generally do not, or if attitudes do change, they likely do so only temporarily and will not influence behavior (282). Comprehension of the message leads to high-involvement processing but may not be more persuasive. Consumers do not need to understand a message in order to be persuaded by it. If a message is complex or unclear, consumers look to peripheral cues, such as the expertise of the source, in order to determine whether the message is true or not (284–285). Under low-involvement processing, a message can eventually be accepted as true simply by repeating the message a number of times. This is called the truth effect (282). Finally, individual differences are important for how consumers evaluate persuasive communication. For example, an individual with a high need for cognition will chronically employ high involvement information processing. Need for cognition is a person’s “intrinsic motivation to engage in problem-solving activities” (208).  Based on the above discussion, it seems the predominant mechanism for EcoRunner to change consumer behavior is to change consumer beliefs about the relative environmental impacts of their spending. The tool provides information about an attribute of product categories, for example the intensity of carbon dioxide emissions associated with meat. The information will either replace former consumer beliefs or be rejected. For users with a high need for cognition, this new information would be accepted only after careful examination and use of the tool. For users with a low need for cognition, the message will most likely be evaluated based on the credibility of the tool’s creators and other peripheral cues. However, the tool’s message might not even be available to users with a low need for cognition, since obtaining results requires a substantial time commitment. Additionally, consumers are easily confused (Brower and Leon 1999, 17; Nissinen et al. 2007). If use of the tool cannot inspire high involvement in the average user, behavior and attitude change seem unlikely to occur, even if the message is temporarily accepted. Previously held environmental attitudes will determine whether lower environmental impacts of certain product categories are regarded as a benefit for the user. According to Kaiser (2006), the attitude toward the behavior is highly correlated with moral norms, which suggests that the basis of evaluating the environmental attributes of products is a function of the user’s values. Historically conflicting and complex environmental messages may have caused consumers to be less receptive to a tool such as EcoRunner. Several historical debates may have left consumers confused and fatigued from environmental messages. Controversies include: using paper versus plastic bags at grocery store check outs, wearing cotton versus synthetic fabrics, using old newspaper versus polystyrene packing peanuts as filler in packages, and using cloth versus disposable diapers. Brower and Leon conclude that these debates have no clear answer, since environmental impacts of these products are sensitive to manufacturing processes and regional differences. Also, environmental impacts are qualitatively different, not just quantitatively different. For example, disposable diapers generate more solid waste when they are thrown away, but cloth diapers use more energy when they are laundered repeatedly (1998, 128–137).  
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Much effort has gone into developing methods to aggregate and normalize environmental impacts, but consensus is unlikely to emerge due to the complexity of such assessments. Even in 1968, Hardin wrote, “The problem for the years ahead is work out an acceptable theory of weighting” (1244). One source of complexity in such messages is the location-specific significance of environmental impacts. In oil-rich Middle Eastern countries, energy use is not a significant problem; however, water use is. Likewise, solid waste is far more important for the island nation of Japan than in regions in the western United States with low population densities. These difficulties are inherent in environmental assessment. Also, there are value judgments dependent on societal context and culture connected to the evaluation of environmental impacts. One group may believe the fairest way to evaluate impacts is in terms of their effect on human life, for example, in disability adjusted life years (DALY). Others could argue convincingly for another measure, but the ISO 14042 standard prohibits aggregating environmental impacts when communicating the results of a life cycle assessment to the public (Pennington et al. 2004). Complexity in messages to consumers has led to confusion. For instance, even though aerosol cans no longer contain the ozone-depleting substance which gave them a bad reputation, many people still avoid using them (Brower and Leon 1999, 135). Since consumers must rely on experts for information about environmental impacts of their behavior, such confusion likely disrupts positive attitudes towards pro-environmental behavior. If a consumer doubts that his or her pro-environmental behavior will meaningfully reduce environmental impacts, the behavior in question is unlikely to occur. Simple, credible and reliable information which connects consumer behavior to environmental impacts is most likely to increase pro-environmental behavior. According to the European Commission, information must be “understandable, credible, and relevant” (European Commission 1998). Credibility is very important for effective communication (Gardner and Stern 2002, 90). It is a product of the source’s perceived expertise and the source’s trustworthiness. Expertise refers to the source’s knowledge of the subject at hand, and trustworthiness refers to the perception of the source as unbiased and honest, at least with respect to the information provided (Mowen and Minor 1998, 315). Also, the ability to validate the information contributes to its credibility (Gardner and Stern 2002, 91). Additionally, results from Leire and Thidell (2005) show that simplicity is a key requirement for making environmental information understandable. Their results also suggest there is no “one size fits all” solution for providing environmental product information, since differences in personal characteristics are significant.  Gardner and Stern describe some methods that make communicating such information more effective. Many of these strategies are used extensively in advertising, as well. First, modeling the desired behavior has been shown to improve behavioral change (2002, 84). An effective model is physically attractive, credible, similar to the observer, and overcomes difficulties successfully. A person who is dependent and has lower self-esteem will be more influenced by this method of communication. Also, the message is improved when the (positive) consequences of the model’s behavior are clear and easily recognized by the observer (Mowen and Minor 1998, 148). Second, the use of specific language will impact how the information is perceived and acted upon. Positive framing (also described in section 4.1.1.2 “Behavioral economics,” p. 46) encourages the desired behavior, and negative or neutral language discourages undesirable behavior. In one study cited in Gardner and Stern (2002, 85), participants were more persuaded to install water heater insulation 
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when the action was described in terms of how much money participants were losing by not installing the new insulation. Likewise, positive language should be used to describe desirable consumer behavior, for example “energy efficiency” versus “energy conservation.” Third, an attention-getting message will be more effective. The type of media (for example, television or radio) used to communicate the message affects how attention-grabbing a message is. For example, an audio-visual presentation is more engaging than a printed one. Gardner and Stern also suggest using mapping, as discussed in section 4.1.1.2 “Behavioral economics” (p. 48), in order to grab the attention of a specific audience. For example, if the information is feedback about energy consumption in the home, the average consumer would better understand monetary units than kilowatt-hours which are more abstract. Socioeconomic status also affects which medium of communication is most useful (Gardner and Stern 2002, 90). Several studies have shown that written communication is less effective for those with a lower socioeconomic status, at least in the United States (86). Using word of mouth to spread information is their final strategy. Social networks are particularly effective ways of distributing information because information from a friend or acquaintance is often highly credible. Additionally, since there is a preexisting relationship between the two communicators, the person receiving the information is generally motivated to pay closer attention and consider the information carefully as part of maintaining that relationship (91). In terms of the quantity of information, excessive information seems unlikely to affect consumer satisfaction, but it may result in unpredictable decisions with respect to pro-environmental purchases. One study found that information overload, providing excessive information about a given decision situation, did not affect the consumer’s satisfaction with their decision. However, the study did not examine this question in terms of environmental product information or the environmental performance of the final product choice (Chen et al. 2007). According to Mowen and Minor, information overload causes a large shift in consumer decision making. Consumers may narrowly focus on certain product attributes, make a random decision, or decide based on the wrong product attributes (1998, 100).  
4.1.3.5 Behavioral control EcoRunner may influence perceived behavioral control, although it will not affect actual behavioral control. Its lack of influence on actual behavioral control is intuitively clear, since the website provides no real world incentives or facilitation for changing spending habits (see section 4.1.3.1 “Prices and incentives,” pp. 54–55). Such real world facilitation could be moving to a new house or apartment located closer to work and shopping to reduce the need for a personal automobile. The website could address the perception of behavioral control with some additions. Recall the behavior addressed by EcoRunner is spending on various categories of goods and services. Some consumption habits may be difficult to change, for example, using mass transit more frequently or eating less meat. In the case of purchasing less meat, lists of vegetarian recipes might facilitate the perception of behavioral control. Where the user previously had no knowledge of how to accomplish the behavior (eating less meat in this example), he or she would have a partial road map for achieving the behavior change. 
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4.1.3.6 Values S. H. Schwartz has defined the cross-cultural values, which are used in VBN. Figure 16 shows Schwartz’s model for cross-cultural values. While there has been a great deal of care and research into determining the precise structure and categorization of these values, it is included here simply to provide a credible example of a values structure. Schwartz has developed this structure based on statistical analysis of “over 200 samples in more than 60 countries from every inhabited continent” (Schwartz and Boehnke 2004, 232). Importantly, values are opposed to each in the proposed value structure. For example, the self-transcendence value cluster is opposed to the self-enhancement value cluster. Actions taken in support of one cluster’s values oppose values in the other cluster. While this aspect of the value structure has not been experimentally confirmed, there is supporting evidence. Stern and colleagues have drawn on Schwartz’s values research for VBN. Values in VBN are more specifically described as “‘value orientations’ or types of values relevant to environmentalism” (Stern et al. 1999, 85). The VBN model in Figure 14 (p. 53) shows altruism towards humans (altruistic) and altruism towards other species and the environment (biospheric) as two distinct value orientations. However, this distinction has not been verified experimentally. The two remaining values, altruism and self-interest, correspond to the self-transcendence and self-enhancement value clusters described in Schwartz and Boehnke (2004) and shown in figure 16. Clearly, values are fundamentally important for how people behave. Mowen and Minor state, “Research … has found that people's values influence their attitudes, which, in turn, influence their  

Figure 16: Theoretical model of relations among ten motivational types of values. 
Source: Schwartz and Boehnke 2004, 233. 
Note: bold text = value clusters; regular text = values.  
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behavior” (1998, 567). But they are difficult, if not impossible, to influence, and a review of psychology literature has not generated any conclusive information about how they can be influenced. Gardner and Stern say that informational campaigns cannot “quickly or easily” (2002, 74) change values. They add that an informational campaign “is not likely to work if it promotes attitudes that clash with people’s basic ethics or values” (74). As a result, values seem like a fixed constraint which cannot be influenced in general and almost certainly not by a tool such as EcoRunner. One study investigated education as an avenue for teaching pro-environmental values to children but yielded inconclusive results. The study involved children from “pre-primary to senior primary levels” (Lewis et al. 2008, 142), which in Australia typically refers to ages four to 13 (Australian Education International n.d.). The study had been running for over a year at the time the article was written and was on-going. Unfortunately, there was no effort to comprehensively and quantitatively measure participants’ values before the study began. Also, the surveys used throughout the study seemed to measure learning and engagement more than values as described by Schwartz. As a result, the participants may have been reflecting on environmental issues and related values without actually changing their own values. Lewis et al. state: “whether values can effectively be taught … remains unanswered and warrants further research” (2008, 152). Unfortunately, the study of values seems to be underrepresented in the psychology literature. A few authors, such as S. H. Schwartz, are deeply involved in the topic, but on the whole, there seem to be relatively few studies on values, how they are formed and how they change over time. In any case, influencing values raises important ethical questions. 
4.1.3.7 Beliefs Changing beliefs is addressed above in section 4.1.3.4 “Attitude toward the behavior” (pp. 56–60) as belief change is closely connected to attitudes and behavior. The specific beliefs included in VBN (ecological worldview, adverse consequences for valued objects, and perceived ability to reduce threat) change according to the same processes described there. The following discussion provides more detail for these specific beliefs. According to Dunlap et al. (2000), there has been only one study on changes in ecological worldview over time. As a result, it is unclear how these specific beliefs change. The study, Arcury and Christianson (1990), used a six-item version of the New Environmental Paradigm scale to assess ecological worldview of residents in Kentucky, USA in 1984 and 1988. The study showed a significant increase in ecological worldview for residents in counties that had experienced water use restrictions due to a recent drought. The authors concluded that ecological worldview can change as a result of “critical environmental experience” (Arcury and Christianson 1990, 404). It follows from this study that when people personally experience ecological limits, they change their beliefs accordingly. This path to belief change comes through behavioral learning. For example, it would not be surprising to find that ecological worldviews change in residents of fishing towns when fish stocks supporting those communities collapse.  Just as personal experience with ecological limits may change beliefs, information about ecological limits may change behavior. This induction seems particularly reasonable based on the discussion above on the availability bias (section 4.1.1.2 “Behavioral economics,” p. 46). Behavioral economics and psychology have shown that people overestimate risks when they receive 
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disproportionately much information about those risks, for example murder versus suicide rates (Thaler and Sunstein 2008, 23). The inverse is true as well; people underestimate risks about which they receive little information, for example, personal risk associated with environmental impacts like poor air quality and global warming. It seems that just as people become more aware of environmental impacts when confronted with ecological limits in their own lives, their perception of personal danger may increase with greater exposure to information about environmental impacts outside their personal experience. The conclusion in Arcury and Christianson (1990) relates to Gardner and Stern’s first aspect of the provision of information strategy: communicating the severity of environmental impacts (2002, 71–72). Where Arcury and Christianson (1990) showed that direct experience with ecological limits can influence ecological worldview, Gardner and Stern state that conceptual information about environmental impacts can produce pro-environmental attitudes and beliefs. The second belief, adverse consequences for valued objects, could be addressed with additional text and graphics on the website. A new section which describes why EcoRunner is important and how consumer spending is connected to environmental impacts might effectively address this belief. Such information could be conveyed using the life cycle perspective. 
Perceived ability to reduce threat can be increased with information about meaningful individual actions for reducing environmental impacts. As Gardner and Stern point out, “Lack of information can be a serious internal barrier to action because it is not always obvious to an individual how to act effectively on his or her attitudes” (2002, 80). This problem is especially relevant for pro-environmental behaviors because experts routinely debate the environmental impacts of goods and services. Intuitively, it seems AR is affected by the mitigation strategies provided by the informational tool. EcoRunner provides one mitigation strategy: shifting consumption between various spending categories. A web-based tool, such as Bloom (see section 2.3.1.2 “Websites,” p. 27–28), includes 78 mitigation strategies and would likely produce a greater perceived ability to reduce the threat of global warming. 

4.1.4 Summary The central goal of this literature review has been to identify and describe conceptual frameworks with explanatory power for the interaction between consumer behavior and EcoRunner. The hypothesis before undertaking the present study was that conceptual frameworks vary significantly between academic disciplines. While the theories above are clearly different, ABC theory, as described in Stern (2000), provides a unifying framework. ABC theory describes behavior (B) as the product of attitudinal factors (A) and context (C). Attitudinal factors include attitudes, norms, values and beliefs. When the influence of context is minimal, the attitude-behavior relationship is strongest. In other words, context in ABC theory determines actual behavioral control. It includes both contextual forces (such as advertising, institutions, prices and income) and personal capabilities, including the “knowledge and skills required for particular actions” (Stern 2000, 417). A fourth factor which Stern identifies as important but not easily subsumed under the above framework is habits or routine. All of the theories discussed in this section address some, but not all, of the variables in ABC theory. Conventional economics, for example, describes the effects of prices and income using the rational consumer choice model. Behavioral economics does not 
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provide an alternate model, instead, improving the rational consumer choice model by identifying situations where it is not descriptive. VBN addresses attitudinal factors, identifying the specific values and beliefs related to pro-environmental behavior. The TPB likewise addresses attitudinal factors and incorporates the effect of context as perceived behavior control. NOA is similar to ABC theory. It identifies context, attitudes and behaviors as the relevant factors for behavior. It appears that conceptual frameworks differ significantly between academic disciplines, but they can also be seen as addressing specific areas of a complex phenomenon, consumption. A second implicit goal has been to identify how an effective informational tool for encouraging pro-environmental behavior can be developed. Gardner and Stern provide a systematic framework for increasing environmentally significant behavior. This framework is quoted below (2002, 159). 1. Use multiple intervention types to address the factors limiting behavior change. a. Limiting factors are numerous (e.g., technology, attitudes, knowledge, money, convenience, trust). b. Limiting factors vary with actor and situation, and over time. c. Limiting factors affect each other. 2. Understand the situation from the actor’s perspective. 3. When limiting factors are psychological, apply understanding of human choice processes. a. Get the actors’ attention; make limited cognitive demands. b. Apply principles of community management (credibility, commitment, face-to-face communication, etc.). 4. Address conditions beyond the individual that constrain pro-environmental choice. 5. Set realist expectations about outcomes. 6. Continually monitor responses and adjust programs accordingly. 7. Stay within the bounds of actors’ tolerance for intervention. 8. Use participatory methods of decision making. In a later article, Stern provides a step-wise procedure for increasing pro-environmental behavior: “First, identify target behaviors that are environmentally significant in terms of impact. Then analyze the behaviors to identify the responsible actors and actions. Then consider the full range of causal variables and explore their possible relevance to the target behavior from the actor’s standpoint” (2000, 420). By following these guidelines, pro-environmental behavior can be maximized. 
4.2 EcoRunner user interaction An electronic survey was used to evaluate EcoRunner’s effect on its Swedish users. Six responses were received between the eighth and 15th of May, 2009, yielding a response rate of 40%. Demographics of participants were as follows: Average participant age was approximately 54 years. All except one participant were male. Additionally, all except one completed a university degree, and all were employed. Because the sample size was very small (n=6), and only one participant was female, the following discussion should be regarded as data exploration rather than data analysis. 
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4.2.1 Quantitative questions Although no hypotheses were formulated on this first point, EcoRunner should convey the high environmental impacts of having a personal automobile as compared to mass transit and bicycling. Also, the tool should communicate that meat is associated with high environmental impacts compared to fruit and vegetables. Before and after using EcoRunner, participants were asked about the importance of nine spending categories (see section 3.2.1, pp. 39–40) and questions in part three, section A [p. 95] and part five, section A [p. 99] in the EcoRunner survey). The change in means for responses before and after use was calculated. Then, statistical significance was evaluated using the Wilcoxon signed ranks test. The mean rating for all consumption categories was 5.35 before use and 5.84 after use; however, this difference in means had a statistical significance (p) of 0.425. As p must be lower than 0.05 to demonstrate a statistically significant effect, the increase cannot be attributed to using EcoRunner. Unfortunately, the wording of this question was unclear, as well. The question was: “Rate the importance of your spending in each of the following categories for its contribution to your own material and energy metabolism.” Following this statement, participants ranked the importance of each consumption category on a scale from one to ten. Unfortunately, this question can be interpreted in multiple ways. The intent of the question was to ask participants their perception of the environmental impact of these consumption categories. However, because of the language used in the question, a reasonable participant might, for example, mark mass transit as very important, since it reduces greenhouse gas emissions from personal transport. In other words, it is important, because it substitutes for an activity with much higher environmental impacts. Additionally, the term metabolism may have been confusing to participants. The responses have no clear meaning, and the changes in ratings for all consumption categories were found to be statistically insignificant.  Hypotheses with respect to EcoRunner user interaction are reproduced from section 1.2.1 “Hypotheses” (p. 4) for convenience: 2a. Use of EcoRunner will increase participants’ willingness to change their purchasing behavior. 2b. Females and younger participants will show greater willingness to reduce their environmental impacts through purchasing decisions. 2c. Consumers who rate higher on the NEP scale will show a greater willingness to change behavior. Survey results show hypothesis 2a might be true, but no statistically significant relationships were identified, likely due to the small sample size. In the EcoRunner survey, hypothesis 2a is addressed by questions in part three, section B (p. 96) and part five, section B (p. 100). Again, the change in means for responses before and after use was calculated. Then, statistical significance was evaluated using the Wilcoxon signed ranks test. There are two desired outcomes from using the tool: (1) increased willingness to reduce activities with high environmental impacts, and (2) increased willingness to substitute activities with low impact for those with high environmental impacts. The results, shown in figure 17, are consistent with the desired outcome of using the tool, but the change in ratings is not statistically significant for any product categories. For personal transport, the change in mean ratings for personal automobiles was negative (Δ =-0.43, p=0.2448) 
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and for substitutes, mass transit (Δ =1.6, p=0.6981) and bicycling (Δ =0.17, p=1), it was positive. Similarly for food, the change in mean ratings was negative for the consumption of meat (Δ =-0.67, p=0.3431), along with a slight increase in willingness to consume more fruits (Δ =0.1, p=0.833) and vegetables (Δ =0.1, p=1).  

 
Figure 17: Change in intention to consume after using EcoRunner. 
a Responses were given on a scale from 1 (“would strongly like to decrease”) to 10 (“would strongly like to increase”).  
b None of these changes in means are statistically significant.  Both regression and non-parametric correlation were used to assess the posited relationships in hypothesis 2b. Regression yields a positive correlation between female gender and the willingness to change purchasing behavior (B=5.096, p=0.432), and it yields a negative correlation between increasing age and the willingness to change purchasing behavior (B=-0.207, p=0.454). None of these variables have been shown to have statistically significant effects. It should also be noted that regression requires normally distributed data as a prerequisite, which is not the case here. As a result, the use of regression is data exploration rather than data analysis. With respect to gender specifically, it should be emphasized that only one participant was female, which makes these results more uncertain. Using Spearman’s rho (ρ) to evaluate non-parametric correlation yields similar results as regression. Female gender is positively correlated to the willingness to change purchasing behavior (ρ=0.707, p=0.182), and higher age is negatively correlated to the willingness to change purchasing behavior (ρ=-0. 600, p=0.285). Even though the survey has failed to identify statistically significant relationships, relationships occur in the postulated directions. Also, a small error was found in the first question on part one of the survey (p. 92). The question asks for the respondent’s birth year which leaves his or her age uncertain, since a birthday occurring later in the year will not have occurred at the time of the survey. 
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A discussion of hypothesis 2c follows. Again, the following should be regarded as data exploration rather than data analysis, since the sample only contained six respondents. Spearman’s rho (ρ) was used to test for non-parametric correlation between high NEP scores and the willingness to change purchase behaviors (ρ=0. 667, p=0.219). The relationship is not statistically significant, but it does occur in the postulated direction. Finally, although no hypotheses were formulated, the survey assessed users’ evaluations of impact categories themselves. Users were asked to rank the importance of nitrogen, energy and carbon turnover on a scale from one to ten. Results are shown in figure 18. Importantly, none of these changes were statistically significant. However, one observation can be made: carbon and energy were considered to be more important than nitrogen.  

 
Figure 18: Change in ranking of environmental impacts after using EcoRunner. 
a Responses were given on a scale from 1 (“least important”) to 10 (“most important”).  
b None of these changes in means are statistically significant.  
4.2.2 Qualitative questions Participants also provided open-ended feedback on the tool. Respondents found the tool universally easy to navigate, suggesting the website is well-laid out and clearly structured. On the other hand, data entry was difficult for some users since they either could not recall their detailed spending or could not phrase their purchasing habits in terms of currency. One participant commented that he or she could more easily estimate the weekly kilometers traveled than spending on travel. Another suggested inserting help buttons throughout the data entry section to provide context and explanation. In terms of the level of detail in the category structure, users variously called for more or less with no clear consensus on the best level of specificity. One question from the previous, quantitative section of the survey asked users to rate their desired level of detail from 
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one (much less detailed) to ten (much more detailed). The mean rating was 4.17, suggesting the level of detail is roughly appropriate for these users.  Many participants also discussed problems connecting the information provided by EcoRunner to themselves, either through the appropriateness of the information or a lack of clarity. One user commented that national average statistics might not apply to his or her specific situation. Another worried that energy use by 20-year-old heater would not be appropriately evaluated by the tool. This comment reflects a desire for even greater relevance in feedback than already provided by the EcoRunner tool. In terms of clarity, respondents called for better instruction on the website and better clarification of some product categories, for example rent for small houses (småhus, 
nyttjandevärde kallhyra). The compensatory measures section was singled out as needing better clarity. For example, one user was confused if wind energy purchased through a commercial energy supplier qualified as a compensatory measure; the same user also wondered if trees planted on his or her own property would qualify.  The results page was criticized for credibility and meaningfulness. One user requested more references and transparency. Another was confused about the meaning of the numbers on the results page. This respondent requested reference values to make the feedback values more meaningful, for example, comparing the energy results to the energy for a car trip from Stockholm to Gothenburg. The same respondent was also curious about the meaning of the colored bars in the graph in the upper right-hand corner (shown in figure 10, p. 32). In terms of the message communicated on the results page, users wanted clearer information about the performance of others—the average Swedish emissions—and one asked what the endpoint should be. That is, at what point has a person reduced his or her emissions enough? These comments suggest that the clarity of the message provided by EcoRunner could be improved, although several useful pieces of information were communicated.   



5 Discussion 

5.1 Conceptual frameworks and informational strategies Sustainable consumption relies on the traditional sequence and is bolstered by the strong sustainability position. As discussed in section 2.1 “Framing sustainable consumption” (p. 11), it makes little sense to address consumer demand directly if, as posited by the revised sequence, producers are actually responsible for generating demand. As a result, sustainable consumption strategies should only be used if the traditional sequence is valid. Second, the debate between the weak and strong sustainability positions remains unresolved (pp. 9–10). Regardless of the outcome, sustainable consumption strategies could still provide environmental benefits by reducing high-impact consumption and thereby reducing environmental impacts. However, under the weak sustainability position, consumers in affluent countries may not need to change lifestyles or spending habits. Under this perspective, it would still be important to know whether enough human capital exists to substitute for degraded natural capital. The strong sustainability position holds that there are limits to macroeconomic growth, and, as a result, aggregate consumption should be limited as well. Consequently, sustainable consumption strategies are vital for reducing aggregate consumption under the strong sustainability perspective. This report has summarized and compared several specific theories for consumer behavior. Conceptual frameworks regarding consumption have been summarized in section 4.1.4 (pp. 63–64). It seems the hypothesis regarding these frameworks is true: they differ significantly between academic disciplines. However, it also appears they address specific parts of a wider, complex phenomenon, consumption. ABC theory provides a cohesive framework for integrating these theories into a complete picture of consumption. Not surprisingly ABC theory presented in Stern (2000) is similar to the seven-level causal chain presented in Gardner and Stern (2002) (see table 3, p. 25). Table 7 nedan organizes the conceptual frameworks reviewed in this report according to the seven-level causal chain from Gardner and Stern (2002). This table illustrates where each theory fits in the wider picture of consumer behavior. It also identifies the specific sections in this report which discuss how each aspect of the process can be influenced by the EcoRunner tool. Report sections do not correspond exactly to this categorization, since the literature review was organized according to academic discipline and each theory within a given discipline. For example, section 4.1.3.7 “Beliefs,” addresses worldviews, specifically the New Ecological Paradigm and other beliefs in VBN (AC and AR). AR is also similar to perceived behavioral control in the TPB. As a result, this section is referenced in table 7 at level five (values and worldview), level four (attitudes and beliefs), and level three (knowledge). In general, EcoRunner, along with other informational tools, will be unable to address external factors, moderately able to address behavioral commitment and best able to address attitudes and beliefs. The proscription from ABC theory is to integrate several strategies, such as tax incentives or developing low-impact infrastructure, to address as many factors as possible.  
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Table 7: Organization of conceptual frameworks and persuasive strategies. 

Level of causality Conceptual 
model(s) 

Description location EcoRunner strategiesb 

7. Household 
background 

RCCMa (for 
example, 
income) 

Sec. 4.1.1.1 “Rational consumer 
choice model” (pp. 43–45) 

Sec. 4.1.3.1 “Prices and 
incentives” (p. 54) 

6. External incentives 
and constraints 

RCCMa (for 
example, 
prices) 

Sec. 4.1.1.1 “Rational consumer 
choice model”(pp. 43–45) 

Sec. 4.1.3.1 “Prices and 
incentives” (p. 54) 

5. Values and 
worldviews 

VBN Sec. 4.1.2.3 Value-belief-norm 
theory(pp. 52–54) 

Sec. 4.1.3.6 “Values” (pp. 61–
62); 

sec. 4.1.3.7 “Beliefs” (pp. 62–63) 

4. Attitudes and 
beliefs 

TPB, VBN Sec. 4.1.2.1 “Theory of planned 
behavior”(pp. 49–51); 

sec. 4.1.2.3 “Value-belief-norm 
theory”(pp. 52–54) 

Sec. 4.1.3.3 “Subjective norms” 
(pp. 55–56); 

sec. 4.1.3.4 “Attitude toward 
the behavior” (pp. 56–60); 

sec. 4.1.3.5 “Behavioral control” 
(p. 60) 

sec. 4.1.3.7 “Beliefs” (pp. 62–63) 

3. Knowledge TPB, VBN Sec. 4.1.2.1 “Theory of planned 
behavior” (pp. 49–51); 

sec. 4.1.2.3 ”Value-belief-norm 
theory” (pp. 52–54) 

Sec. 4.1.3.4 “Attitude toward 
the behavior” (pp.  56–60); 

sec. 4.1.3.5 “Behavioral control” 
(p. 60) 

sec. 4.1.3.7 “Beliefs” (pp. 62–63) 

2. Attention, behavioral 
commitment, etc. 

Behavioral 
economics 

Sec. 4.1.1.2 “Behavioral 
economics” (pp. 45–48) 

Sec. 4.1.3.2 “Behavioral 
commitment” (p. 55); 

 

1. Environmentally 
significant behavior 

   

a RCCM = rational consumer choice model. 
b These sections discuss ways of influencing factors at each causal level using EcoRunner.  
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Values seem to be fundamental for human behavior with respect to the environment. The value clusters from VBN (Stern et al. 1999) are conceptually similar to strategic preferences as discussed in Frank (2008) in the context of Prisoner’s Dilemma. These value clusters are self-enhancement and self-transcendence according to Schwarz and Boehnke (2004) or egoistic and altruistic, respectively, according to Stern et al. (1999). With respect to Prisoner’s Dilemma and by extension the tragedy of the commons, these values determine the outcome. A person with high altruistic values can be said to hold the strategic preference for cooperation or commitment according to Frank’s terminology. Recall that according to Frank, such preferences are only effective when they are genuinely experienced and expressed by the individual. Also, the strategic preference for commitment solves Prisoner’s Dilemma. Only when both participants value cooperation can they trust the other prisoner not to defect and not defect themselves. On the other hand, when prisoners value self-enhancement (Schwartz and Boehnke 2004), are egoistic (Stern et al. 1999), or self-interested (Frank 2008), they will act out of self-interest and choose the dominant solution, defection. As a result, the benefits of cooperative behavior, a better overall outcome, is lost. When the tragedy of the commons is seen as a Prisoner’s Dilemma scenario, these observations take on broad significance for the relationship between human behavior and environmental problems. If this analysis is correct, it seems that environmental problems can only be resolved through cooperative behavior and altruistic motivations. Unfortunately, as discussed in section 4.1.3.6 “Values” (pp. 61–62), it seems the process of value formation and value change has received relatively little attention in the field of psychology. The TPB and VBN model characterize consumer behavior using opposing frameworks, but they may not be as contradictory as they appear. In the TPB, behavior is based on self-interest, whereas in VBN, it is based on values. This difference is especially relevant for environmentally significant behavior, which seems to rely on values. This reliance on values concurs with the discussion in the previous paragraph. One study, Kaiser et al. (2005), addresses this question by comparing the statistical fit of the TPB and VBN. Both theories performed well, but the TPB provided a better statistical fit for observed data than VBN. The authors identify the ecological worldview component as quantified by the NEP scale to be a major deficiency in VBN. The authors also identify the inclusion of moral norms as a key difference between these theories. Since moral norms logically impact environmentally significant behavior, they use exploratory models to investigate where moral norms might fit in an extended TPB. They conclude moral norms could be a fourth determinant of intention or an antecedent of attitude, although the latter provides a better to the observed data. They write, “In the environmental domain, they [moral norms] are, apparently, already an integral part of people’s attitude” (Kaiser et al. 2005, 2167). In other words, morals and values could be included in the attitude toward the behavior component of the TPB. As a result, the TPB may not actually exclude values. As both theories provide explanatory power for consumer behavior, neither should be disregarded. Further research in the field of psychology seems likely to clarify and perhaps integrate these models into a more comprehensive model of pro-environmental behavior. 
5.2 EcoRunner user interaction Evaluating the EcoRunner tool was difficult due to low sample size; however, repeating the survey with a larger sample, approximately 30 participants, may yield the hypothesized results. All 
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of the hypothesized effects at least occurred in the direction they were expected to, even if the effect was not large enough to be statistically significant. After using the EcoRunner tool, user ratings on their willingness to consume high-impact goods and services decreased, and ratings for low-impact activities increased. Two caveats follow: (1) experts on sustainable consumption and related fields can be expected to have stronger pro-environmental attitudes, and (2) experts may have already known which spending categories are low-impact substitutes, for example, shifting from personal automobile to mass transit. In any case, it seems it is still possible to show that use of the EcoRunner tool causes short-term changes in consumer intent.  Some changes can be made to improve the survey. A minor change is asking users to supply their current age rather than birth year in the demographics portion of the survey. Second, the questions in sections B of parts three and five should be reworded to clarify its intent. The goal is to determine consumer knowledge on the environmental impacts of certain product categories.  The low survey response rate can be attributed to a variety of factors. First, respondents were asked to devote roughly one hour to using the EcoRunner tool in the middle of the survey. Many respondents may have been either unable or unwilling to devote this amount of time. Second, respondents were given a short time, roughly a week and a half, to complete the survey. Finally, as participants were professionals, they may have had less time than usual for this activity, since there are several work holidays in May in Sweden. Based on literature review and survey results, some suggestions regarding EcoRunner can be made. In Environmental Problems and Human Behavior, Gardner and Stern identify the two ways in which information may cause attitude change. First, by communicating the severity of environmental impacts, a person may develop pro-environmental attitudes. Second, for a person who is already inclined towards pro-environmental behavior, information about how best to act pro-environmentally will facilitate such behavior. It seems that EcoRunner is best suited to employ the latter approach. While some background information about the environmental impacts of consumption is provided, the tool mostly addresses an effective way of reducing such impacts. As a result, emphasis should be placed on conveying this information clearly to EcoRunner users. Next, behavioral commitment is probably a large obstacle for pro-environmental behavior in general because feedback is usually poor or lacking and the benefits of such decisions are usually delayed. As a result, improving behavioral commitment should be given a high priority in further EcoRunner development. Data entry could be improved by informing users which personal documents, for example energy bills, will assist them in using the tool. Also, entering data in more intuitive units, such as kilograms of meat rather than spending on meat, would probably help users. Some confusing categories can be clarified, as well, especially in the compensatory measures section.  In terms of results presentation, several suggestions follow. Based on literature review and user feedback, the tool will function most effectively when there is a clear cause-effect link between consumer behavior and environmental impacts and unambiguous suggestions for changing behavior to reduce impacts. The link between the user and environmental impacts is strongest when the user feels information is relevant specifically for his or her situation. Open-ended survey feedback suggested mapping could be improved, for example, by displaying results in intuitively meaningful units. Literature review has also shown that price is an important factor for consumers. 
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Even though prices cannot be directly affected by this informational tool, communication will most likely be more persuasive when phrased in terms of cost-savings. It could be even more effective to describe the effects of not changing behavior in terms of savings foregone in order to leverage the benefits of negative framing. A new function could calculate how the same level of consumption can be achieved using less impacting activities and then convey this information as money saved in addition to reduced environmental impacts. Pro-environmental behavior could also be facilitated by closing the gap between intent and behavior. The Bloom website (BBC n.d.) provides a useful model here. Also, the message of the tool, that certain types of consumption carry much higher impacts, could be clarified on the results page by showing specific impact categories with the highest aggregate impacts. Currently, results are displayed in five broad categories, requiring more effort from the user to discover specific categories, such as meat, which cause high impacts. Based on the wide-ranging literature review, specific suggestions seem endless. Finally, there may be a bias toward high involvement processing built into EcoRunner as the tool was likely developed by academics who presumably tend to have a high need for cognition. As a result, the tool seems to require high-involvement processing, but users may respond with low-involvement processing. This postulated bias has not been identified in the survey of EcoRunner users, possibly because users were professionals and experts—not representative of the average Swedish user. If users tend to respond with low-involvement processing, the message might still be effective because peripheral cues, such as the authority of the message communicators (as experts and academics), may be persuasive in their own right. For users with a low need for cognition, a simple, explicit message might be more effective. As discussed in section 2.4 “Qualitative sustainable consumption recommendations” (pp. 33–36), consensus recommendations are to reduce the use of personal automobiles, meat consumption, home construction and home energy use. Including these recommendations along with strategies for following them might encourage pro-environmental behavior more effectively for some users. 
5.3 Comparison of informational strategies Website tools in general offer some advantages and disadvantages compared to another informational strategy, eco-labels. Websites provide tailored feedback for the individual’s actions, which is more meaningful to the individual. Eco-labels, on the other hand, provide less specific feedback. A product with an eco-label produces less environmental impact, but how much? As a result of this uncertainty, consumers may question whether the amount of environmental benefit outweighs the extra cost. Websites have their own disadvantage by providing information which is far in time and space from the decision it attempts to influence. Whereas eco-labels provide information at the point-of-purchase, websites provide information to the consumer at home and days to months and even years before a relevant purchasing opportunity occurs. Advice against purchasing a second car or purchasing a fuel-efficient car, for example, is only relevant once in a certain number of years. 
5.4 Future research Some relevant concepts from psychology, economics and other fields were not included due to limited project resources. Within the fields of psychology and economics, further investigation of the multi-attribute decision making model may have provided useful insights on the effect of 
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product category (for example, fruits versus meat) versus comparable product information (for example, Spanish tomatoes versus Swedish tomatoes). Within the field of psychology, further investigation of how habits are formed and broken would have been useful. The discussion of both ABC theory (section 4.1.4, pp. 63–64) and the discussion of ordinary consumption (section 2.2 “Perspectives on consumption,” pp. 16–18) show that habits play an important role in consumer behavior. Addressing this factor would have provided a more comprehensive picture of consumer behavior. Also, the literature review was restricted to economics and psychology, although adding other disciplines, especially sociology, would have made the report more comprehensive. If sociology were included, important external factors, such as socioeconomic status and institutions, could have been addressed. For example, Gardner and Stern cite one study which showed written communication is less effective when directed toward people with a lower socioeconomic status (2002, 86). Also, social exchange theory was mentioned briefly in some of the reviewed literature, for example, Mowen and Minor (1998) and Frank (2008). It seems to be another useful framework with important insights for understanding consumption. Since this survey measured intent rather than actual behavior, further study will be necessary to determine whether EcoRunner can facilitate behavior change. Future research needs to control for the factors identified in this report which are not addressed by EcoRunner. If all four types of factors from ABC theory are not included, any given study might yield inconsistent results. For example, a study measuring attitudes and behavior might find a weak correlation where personal capabilities and context are significant. Particular care needs to be taken if user data entered into the EcoRunner website itself is used as an indicator of pro-environmental behavior. Trends in this spending data also result from changes in prices, income and the availability of goods and services. As prices change, for example, consumer spending will change as a result of the substitution and income effects, regardless of any change in pro-environmental intent. A relatively simple way to control for external factors is to use a pretest-posttest study design. As shown in table 8, participants are randomly assigned to one of two groups, where group two is the control. As a result, external factors not addressed by the EcoRunner tool should not affect the study results. A survey on such factors, for example demographics and income, would show whether they are similar between both groups. In the observation step, both groups should provide data which indicate their level of pro-environmental behavior. Such data could be provided by a survey on the intention to perform pro-environmental behaviors, or it could be provided by spending data entered into the EcoRunner website. The experimental treatment is feedback from the EcoRunner tool on the environmental impact of spending. This design will show the effect of EcoRunner feedback on its users. If the goal is to evaluate the effect of EcoRunner use in general, the observation step should not use EcoRunner to collect spending data, and data on pro-environmental behavior should be gathered another way. Also, the experimental treatment would become EcoRunner use, and the control group should not be allowed to use the website at all. These observation and treatment steps could be performed exactly as shown in table 8 to investigate short-term effects or repeated several times over a period of months or years to evaluate long-term effects. 
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Table 8: Pretest-posttest control group study design. 

Groupa Time  

Group one Obs Tx Obs 

Group two Obs — Obs 

Source: Leedy and Ormrod 2005, 225. 
Note: Obs = observation; tx = experimental treatment. 
a Participants are randomly assigned to groups.  This study design can be improved even further if resources are available for a Solomon four-group study design. As shown in table 9, this study design controls for the effect of pretesting in the first observation step. If an intent survey is used in the observation step, the mere measurement effect (discussed in section 4.1.1.2 “Behavioral economics,” p. 47) may influence survey results. Simply by asking a person whether they intend to perform a certain activity causes him or her to be more likely to perform the activity. As a result, controlling for this pretesting effect would isolate the effect of EcoRunner use and feedback. In the final observation step, the difference between groups one and two should resemble the difference between groups three and four. The disadvantage of this study design is the need for more participants.  
Table 9: Solomon four-group study design. 

Groupa Time  

Group one Obs Tx Obs 

Group two Obs — Obs 

Group three — Tx Obs 

Group four — — Obs 

Source: Leedy and Ormrod 2005, 225. 
Note: Obs = observation; tx = experimental treatment. 
a Participants are randomly assigned to groups.  
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5.5 Conclusion Conceptual models about consumer behavior differ significantly, since they address different aspects of a complex phenomenon, consumption. The EcoRunner tool can reasonably be expected to influence consumer beliefs about environmental impacts of their purchases, although it may not inspire pro-environmental attitudes. Also, EcoRunner provides users one pro-environmental strategy—shifting consumption to goods and services with lower environmental impacts. As a result, the EcoRunner tool might facilitate pro-environmental consumer behavior depending on context, habits and previously held attitudes. While this effect of EcoRunner use has not been confirmed by the present study, it has not been refuted either.  
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Appendix A Survey design Brace succinctly states the importance of good survey design: “After all, anybody can write a set of questions, can't they? But if those questions are the wrong questions, poorly phrased, or in the wrong order, the answers obtained may be worse than meaningless: they may be misleading” (2004, 1). There are a number of considerations when designing a survey. The data collection medium, the type of questions, number of questions, and order of questions are all important for obtaining reliable and accurate data (43). Any measurement instrument, whether in the social or the natural sciences, should produce data that are both reliable and valid (Domino and Domino 2006, 42). Reliability of the data is synonymous with consistency. In other words, results should be repeatable. Domino identifies five major sources of error in reliability (47): 1. Individual differences 2. Influence of the examiner 3. The test itself 4. Temporal consistency, for example mood varies quickly over time 5. Situational aspects Reliability can be calculated statistically in a variety of ways. Commonly, reliability is quantified as Cronbach’s alpha, where a value of roughly 0.80 or higher qualifies as reliable (47). Data are valid if they actually describe the phenomenon under observation (42). Validity is a function of the specific purpose, situation and participants. The three facets of validity have been identified: content validity, criterion validity, and construct validity (52). Content validity is assessed by rational analysis and verifies that items in a survey are both relevant and representative of the phenomenon being assessed. Statistically, it can also be assessed using factor analysis. Criterion validity establishes that the survey compares favorably with another instrument which measures the same phenomenon. For example, when developing an IQ test, scores might be compared with the academic grades of respondents. Finally, construct validity includes the theoretical framework surrounding the construct being assessed. For example, both values and attitudes are constructs in that neither can be observed directly. Construct validity is first a function of the theory surrounding the construct. Second, it depends on whether the test being used actually assesses the construct in question. This second aspect of construct validity subsumes content and criterion validity (55). Finally, reliability and validity are connected: a valid test is necessarily reliable (58).   





Appendix B Statistics in the social sciences As stated in section 1.3 “Research methodology” (pp. 4–6), statistical models are used to represent phenomena of interest in the social sciences. These models can then be used to make predictions about the real world (Field 2005, 2). Research using statistical models follows a four-step process: hypothesis generation, data collection, statistical analysis (fitting a statistical model to the data), and finally checking whether the model supports the hypothesis (22–23). Linear models are heavily favored in social sciences, even though a priori the processes being studied need not be linear (20). The population is the group for which a given study’s results should be meaningful. In other words, if the goal is to say something meaningful about students in a given situation, students is the population. The sample is the sub-group of the population in study; it is necessarily smaller than the population because of limited research resources. Finally, data collected from the sample is used to make inferences about the population (2–3). The accuracy of a sample is generally assessed in one of two ways, standard error or confidence intervals. While standard deviation describes how well the mean represents the observations in a given sample, standard error describes how well the sample mean correlates to the mean of the population. In other words, “the standard error is the standard deviation of sample means” (17). It must be calculated using several samples, which form a sampling distribution. The second approach is to calculate confidence intervals. Confidence intervals are the boundaries within which the true value of the mean should fall (17). A frequency distribution is plot of the response against the number of times the response occurs. Before any statistical tests are applied, the frequency distribution will show whether data form a normal distribution or another type of distribution, which is important for the statistical tests that follow. For example, a normal distribution peaks in the middle of the x-axis, and a vertical line down the middle of the distribution will divide it into two mirrored halves (8). A normal distribution is one of several common probability distributions. In a common probability distribution, such as the normal distribution, it is possible to calculate the probability associated with a given response based on the frequency of that response in the distribution, and specific parametric tests are available for certain types of data distributions (13). According to Field (2005, 7), statistical models can all be understood as variations on the following equation:  . Even the mean of a data set is a statistical model. It predicts an outcome, and error is the difference between the predicted outcome and the actual outcome.  Test statistics are used to determine whether results are statistically significant, and ultimately whether the hypothesis should be accepted or rejected. According to Field (2005, 7), most test statistics are a variation on the following equation: 
           . 
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Variance is simply the variation in observed data. Variation can result from a genuine effect which is captured by the statistical model fit to the data (called systemic variance), or it can result from an effect which is not under study and therefore not included in the statistical model (called unsystematic variance). Since the probability distributions of test statistics are known, they can be used to determine whether the result was random or explained by the proposed model (26). Some common test statistics include t-tests, z-tests and chi-squared tests (27). A fundamental convention in the field is that statistically significant findings must have less than a 5% probability of occurring by random chance. This convention was established by Ronald Fisher in the first half of the 20th century (25). Test statistics need to be interpreted with care. Not only is each test based on specific assumptions about data and sampling, but general errors are possible as well. First, small unimportant effects can be statistically significant, for example, in very large samples. This mistake is called a Type I error. A Type I error mistakenly identifies a genuine effect in the population when the effect is actually the result of random chance. Using Fisher’s 5% convention, the chance of this type of error is generally below 5%. In other words, if the study was performed 100 times, there would be a statistically significant effect five times, when in reality there was no effect. As a result, a statistically significant result does not necessarily identify a genuine relationship. Second, a statistically non-significant result does not mean there is no effect or no relationship between variables. This mistake is called a Type II error. In a Type II error, no genuine effect is found even though one exists. This error can occur, for example, when there is high natural variation between samples. One suggestion for the maximum probability of a Type II error is 20%, called the β-level. Administering the same test with a larger sample might deliver statistically significant results (31). Finally, because statistical tests are based on probabilistic reasoning, a statistically significant finding is not true in a strict sense. At best, it is likely to be true (28).   



Appendix C EcoRunner website screenshots  

 
Figure 19: EcoRunner homepage. 
Source: Frostell et al. 2009.   



Fel! Använd fliken Start om du vill tillämpa Heading 7,Heading 7 (Appendix Heading 1) för texten som ska visas 
här. 

90 

 
Figure 20: EcoRunner-Total household purchases section (partial). 
Source: Frostell et al. 2009.   



Appendix D EcoRunner survey The following survey was implemented in a Microsoft Excel spreadsheet. 
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Appendix E The New Ecological Paradigm scale The specific wording of the survey to assess the New Ecological Paradigm scale is given below. First, respondents read the following statement: “Listed below are statements about the relationship between humans and the environment. For each one, please indicate whether you STRONGLY AGREE, MILDLY AGREE, are UNSURE, MILDLY DISAGREE or STRONGLY DISAGREE with it” (Dunlap et al. 2000, 433). Next respondents are presented with the following list of fifteen questions; they can mark any of the five responses in the opening directions next to each statement. 1. We are approaching the limit of the number of people the earth can support. 2. Humans have the right to modify the natural environment to suit their needs. 3. When humans interfere with nature it often produces disastrous consequences. 4. Human ingenuity will insure that we do NOT make the earth unlivable. 5. Humans are severely abusing the environment. 6. The earth has plenty of natural resources if we just learn how to develop them. 7. Plants and animals have as much right as humans to exist. 8. The balance of nature is strong enough to cope with the impacts of modern industrial nations. 9. Despite our special abilities humans are still subject to the laws of nature. 10. The so-called “ecological crisis” facing humankind has been greatly exaggerated. 11. The earth is like a spaceship with very limited room and resources. 12. Humans were meant to rule over the rest of nature. 13. The balance of nature is very delicate and easily upset. 14. Humans will eventually learn enough about how nature works to be able to control it. 15. If things continue on their present course, we will soon experience a major ecological catastrophe. To score the survey, each response is given a number from one for “strongly disagree” to five for “strongly agree.” The odd-numbered questions are scored normally, and the even-numbered questions are reverse scored. The sum of a person’s scores is his or her rating on the NEP scale. In other words, the minimum is score is 15 and the maximum is 75.  
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