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Abstract 
The increased use of information disclosure in environmental policy raises 

questions of whether and how provision of information motivates changes in behavior. 

Accurate assessment of the value of information provision in reducing environmental 

risks requires understanding how actors respond to risk information. Chapter two 

examines the effects of disclosure of information on risk perception, knowledge about 

risks, and actions to mitigate risk from arsenic in private drinking well water. We 

conduct an experiment where we manipulate how information about the health risks 

posed by arsenic in drinking water is presented to users of private wells. This is one of 

the first field experiments to look at framing effects for long-term, latent environmental 

health risks. In contrast to much of the existing literature, we find that information frame 

does not affect risk perception or actions taken to address risk for low level of risk.  

Chapter three examines how risk perceptions are affected by variations in risk 

communication, specifically addressing questions raised in the field experiment. We 

conduct an experiment about the health risks posed by arsenic in drinking water and 

introduce four manipulations in communication with experimental subjects: arsenic 

level, information framing, bright lines and relative risk. Chapter three suggests careful 

consideration must be taken in designing the disclosure of moderate levels of risk to 

ensure that information disclosure programs effectively convey health-based 

recommendations. Without these considerations, information disclosure programs may 

unwittingly and unnecessarily heightening concern among people facing moderate 

levels of risk. We consider this finding especially important because a broad number of 
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environmental and environmental health risks that are currently unregulated pose 

moderate levels of risk.  

The final chapter asks if the act of disclosing information changes the behavior of 

those who provide the information. Chapter four seeks to determine the degree to which 

information disclosure, in the form of TRI, results in improvements in environmental 

performance. Our work isolates the effect of information disclosure by using changes in 

the TRI reporting requirements to help identify the causal effect of disclosure from other 

potential explanations of changes in environmental performance. We find limited 

evidence that facilities newly reporting for a chemical have greater proportional 

decreases in total releases. The policy implications of Chapter 4 suggest that information 

disclosure should not be considered a substitute for regulation of toxic chemicals.  
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1 Introduction and Literature Review 
A host of environmental health issues require individuals to process and respond 

to information about risk. While some environmental health risks are directly regulated, 

individuals are left to address many risks on their own. Examples include mercury 

contamination in fish (Shimshack et al. 2007), radon gas exposure (Smith et al. 1995), 

contaminants in water (Madajewicz et al. 2006, Bennear et al. 2011, Balasubramanya et 

al. 2011, Jalan and Somanthan 2004, Bennear & Olmstead 2007), and exposure to toxic 

chemical releases (Hamilton 1995, Khanna et al. 1998, Bennear 2008, King and Lenox 

2001, Konar and Cohen 1997). In the context of unregulated risks, information disclosure 

programs play a vital role in informing the public about environmental health risks. 

Accurate assessment of the value of information provision on environmental 

risks requires understanding how actors respond to risk information. My dissertation 

contributes to our understanding of the role of information as an environmental policy 

tool by examining how households respond to information about risks posed by their 

drinking water and how firms respond to the disclosure of their toxic chemical releases. 

More broadly, I am interested in the role of information in decision-making.  

Economic theory is an ongoing attempt to model human-decision making. The 

traditional neoclassical model of decision-making is based on expected utility theory. 

Under expected utility theory, individuals choose the outcome that provides them with 

the highest expected utility from their available choice set of outcomes. The expected 

utility of each outcome is influenced by its probability of occurrence, the individual’s 

degree of risk aversion, and individual preferences. An individual’s choice set is limited 

by various constraints face by the individual.  
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As currently formulated, expected utility theory treats decision-making as 

systematic and does not account for the possible impact of subtle variations in 

information presentation. Expected utility theory assumes people have well-defined 

preference rankings (which can be discovered empirically by examining their choices). 

Evidence from psychology and neuroscience suggests the standard economic model of 

consumer decision-making provides an inadequate description of human behavior 

under uncertainty. For example, behavioral economics, sparked by work done by 

Kahneman and Tversky (1979), suggests individuals may have poorly behaved, 

incoherent or no preferences. Tversky and Kahneman proposed prospect theory as an 

alternative theory of decision-making. Prospect theory postulates that preferences are 

constructed during, not prior to, decision-making, and as such preferences and resulting 

decision can be influenced by information. Additional work demonstrated that 

preferences can be influenced and even reversed in experimental settings (Kahneman 

and Tversky 1981, Levin et al. 1988, Levin and Chapman 1990, Kühberger et al. 1999).  

Understanding how people process and respond to information is critical to a 

better model of human decision-making. Our understanding of decision-making under 

uncertainty matters empirically because of the growing use of information disclosure 

programs and increasing interest in the use of information to “nudge” people into 

making better decisions. The information disclosure literature asks if information 

impacts behavior. Information disclosure programs make both intentional and 

unintentional choices in how they present information, and it is important to know if the 

manner in which the information is presented matters. The behavioral economics 

literature asks how information impacts behavior. Research in risk perception and 

communication examine how differences in risk information presentation impact risk 

perception and behavior. Insights from these literatures are important in environmental 
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policy as we seek to understand how consumers, communities, firms, and others 

respond to information on environmental risks.  

Chapters 2 and 3 are highly related, and draw from and contribute to the same 

literature. I will review that literature, focusing on work on information disclosure, 

behavioral economics and information framing, and risk communication. Chapters 2 

and 3 address behavioral issues using experimental manipulations of risk information 

about arsenic contamination in private well water. Chapter 2 looks at household 

responses to information about real risks posed by drinking water. Chapter 3 also looks 

at responses to drinking water risks, focusing on the effects of different levels of risk, 

regulatory standards, and relative risk information. Chapter 4 focuses on the potential 

pollution reduction impact from information disclosure via the US EPA’s Toxics Release 

Inventory, and as such, mainly draws from and contributes to the information disclosure 

literature. 

1.1 Information Disclosure 

Information disclosure is the overriding theme for the following three chapters. 

Environmental policy has increasingly relied on information disclosure programs 

(Hamilton 2005, Sunstein 1999). Early research focused on whether provision of 

information motivates changes in behavior. If information does change behavior, it may 

be used as a compliment, and possibly, a substitute for traditional regulation. 

A wide range of applications have been used to provide health and 

environmental information to individuals, from nutrition labeling to the Surgeon 

General’s tobacco warning label to dolphin-safe tuna, and researchers have used these 

programs to assess household and individual response to information. Additionally, the 

United States maintains two federal environmental information disclosure programs--
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the Toxics Releases Inventory (TRI) and the Consumer Confidence Reports (CCR). The 

question of whether information disclosure programs have they been successful in 

motivating changes in behavior is on ongoing discussion supported by various 

examples (Poje and Horowitz 1990, Natan and Miller 1998, Fung and O'Rourke 2000, 

Grant and Jones 2003, Hamilton 2005, de Marchi and Hamilton 2006, Bennear 2008, 

Bennear and Olmstead 2008, Thaler and Sunstein 2008, Kraft, Stephan, and Abel 2011).  

Before diving in to the empirical evidence, we will consider the possible 

pathways through which information disclosure programs may impact decision-

making. Most of the theoretical literature focuses on how firms respond to information 

disclosure, with less work focusing on how individuals respond, although this is also 

addressed in the behavioral economics and risk communication literature.  

1.1.1 Firm Response to Information Disclosure 

As detailed in Bennear and Conglianese’s chapter in the Oxford Handbook of US 

Environmental Policy (2012), four pathways for information disclosure to impact firm 

environmental performance have been identified —market, legal, political and internal 

(Sunstein 1999; Tietenberg 1998, Bennear and Olmstead 2008):  

First, disclosure of information may generate market pressures for 

environmental improvements if consumers, investors, or 

employees have preferences about environmental performance. . . 

 

Second, mandated information disclosure may induce legal 

pressures for environmental improvements, particularly to avoid 

tort liability (Tietenberg 1998). Environmental right-to- know data 
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may serve as proxies for liability risks, the management of which 

may lead to improvements in environmental performance. 

 

Third, disclosed information may generate political pressures that 

motivate environmental improvements. Revelations about 

environmental performance may influence future regulatory 

efforts (Bennear and Olmstead 2008; Helland and Whitford 2003; 

Karkkainen 2001; Sunstein 1999). 

 

Finally, independent of disclosure’s effects on market, legal, and 

political factors, the collection and release of information may 

otherwise affect the internal decision making of an organization. 

Measuring and reporting data on environmental performance 

may itself lead to internal changes at the firm that improve 

environmental performance, perhaps to fulfill the environmental 

preferences of managers (Karkkainen 2001). 

 

 The empirical literature addressing information disclosure has focused on 

responses to government-mandated disclosures such as the TRI and CCRs (Hamilton 

2005, Sunstein 1999). There has been mixed empirical support for information disclosure 

on firm environmental performance. For firms with low environmental performance, 

public disclosures of toxic releases produced significantly negative stock market returns 

(Hamilton 1995, Konar and Cohen 1997, Khanna et al. 1998), and companies with the 
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largest negative stock market returns then reported the largest reductions in TRI 

emissions (Khanna, Quimio, and Bojilova 1998; Konar and Cohen 1997). There is also 

evidence of firm strategic responses to disclosure requirements (Bennear 2008, King and 

Lenox 2001, Konar and Cohen 1997). Bennear (2008) found some firms decreased toxic 

releases to levels below reporting thresholds to avoid disclosure.  

Outside of the TRI, there were reduced violations by community water systems 

that were required to disclose water quality violations via a CCR (Bennear and 

Olmstead 2008). Chatterji and Toffel (2010) found firms initially rated poorly on 

environmental performance improved compared to other firms, especially for firms in 

highly regulated industries or with lower cost improvements available to them. 

Additionally, work on a water quality information program in Indonesia indicates that 

pollution abatement was aided by providing facility information on emissions and 

abatement opportunities to firm managers, but it was important that this information 

was made public (Blackman et al. 2000).  

 Clearly, there is some empirical evidence supporting the impact of information 

disclosure on environmental performance. However, the summary from in Bennear and 

Conglianese’s chapter in the The Oxford Handbook of US Environmental Policy (2012) 

summarizes the evidence that fails to support an effect of information disclosure:  

Empirical evidence of the effectiveness of information disclosure 

programs, particularly the TRI, has been tempered by analyses 

demonstrating that some of apparent reductions in emissions are 

likely spurious, resulting from changes in reporting requirements 

(Poje and Horowitz 1990), changes in categorizations of release 
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data (Natan and Miller 1998; Poje and Horowitz 1990;), changes in 

reporting behavior among firms (Bennear 2008), changes in firm 

organization (Grant and Jones 2003), and other traditional 

regulatory approaches (de Marchi and Hamilton 2006). Because of 

the difficulty in separating the causal impact of information 

disclosure from other correlated activities, one of the most 

extensive studies of TRI concludes that “[t]he separate and exact 

impacts that the provision of information has on toxic emissions 

are, to date, unknown” (Hamilton 2005, p. 242). 

It is still an ongoing question as to whether information disclosure can be a policy tool to 

improve firm environmental performance and how much of an improvement 

information disclosure can make. 

1.1.2 Individual and Household Response to Information Disclosure 

 Theory suggests individuals may value environmental quality as a public good, or 

environmental quality as private good impacting their health. As the experiments in 

Chapters 2 and 3 focus on environmental health risks, this summary will not address 

consumer demand for environmental quality as a public good.   

 Environmental health information impacts individual and household decision-

making through risk perception. Extensions have been made to the classical model of 

household preferences and consumption to model household demand for ‘good health’ 

based on initial health quality, perceived risks, price, demographics and other factors 

(Grossman 1972). Shimshack et al. (2007) suggests other factors such as education and 

news readership may play a role in demand for good health. Alternatively, Jalan and 
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Somanathan (2008) model willingness to pay for environmental health improvement as 

the sum of the averting expenditure to avoid some of the environmental health risk and 

the expected utility loss from the remaining risk (if risk is not reduced to zero). This 

decision is also a function of perceived risk, price of reducing risk, and income. In both 

of these models, additional information can influence perceived risk and thus change 

demand for environmental health quality and willingness to pay for environmental 

health.  

There has been limited empirical research on household response to 

environmental information. Teisl, Roe and Hicks (2002) look at how households respond 

to dolphin-safe tuna labels, and find that “point of consumption” labeling increased 

tuna’s market share. There is evidence that public health information programs have 

helped reduce exposure to public health risks, but with varying impacts for different 

socio-economic groups (Siriwardena et al. 2002; Sircar et al. 1987; Stanton & Clements 

1987; Fewtrell et al. 2005; Pattanayak et al. 2006; Madajewicz et al. 2007; Jalan & 

Somanathan 2008). It is easy to imagine that these programs have less impact on 

individuals who have trouble understanding the information or who are unable to 

change their behaviors due to financial constraints.  

Work on household response to information on environmental health hazards is 

even more scant. Shimshack et al. (2007) find that an FDA advisory on mercury in fish 

reduced fish purchases among educated and newspaper reading households, and was 

less effective for households facing the largest risks. Madajewicz et al. (2006) estimated 

the response of well water users in Bangladesh to information on the level of arsenic in 

well water, finding a large and rapid response to information on arsenic levels. Being 
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informed that their well had unsafe levels of arsenic increased the probability that 

households switch to another well by thirty-seven percent. The initial work on only 

measured well switching in the short term, but more recent work has indicated that the 

response persists over time (Balasubramanya et al. 2012). In both the mercury and 

arsenic cases the receipt of information was not randomly assigned. 

Jalan and Somanthan (2004) randomly assigned households in Delhi, India to 

receive information on whether their drinking water tested positive for fecal 

contamination. Among households that were not previously purifying their water, 

households that were told that their drinking water was contaminated were 11 

percentage points more likely to begin some form of home purification in the following 

seven weeks than households that received no information. Additionally, households 

that were informed of contaminated water increased spending on water purification by 

$7.24 (in purchasing power parity as suggested by the World Bank). 

The arsenic and fecal contamination studies suggest that information disclosure 

can effectively alter household behavioral response to information about drinking water 

risk. However, the results may not be directly transferable to other information 

disclosure programs or more long-term risks. In Bangladesh subjects were given a very 

strong and semi-permanent signal (unsafe wells were painted red). The work in India 

focused on a short-term health effects; it seems unlikely to expect a similar response to 

contaminants whose health effects have long latency periods (e.g. cancer). 

1.1.3 Key Questions 

 Information disclosure has a mixed record as a policy tool to motivate firm and 

individual behavior. 



 

 10 

Across mechanisms and actors, theory suggests that disclosure mandates should be 

carefully designed with consideration of user and discloser decision-making processes. 

The effectiveness of information disclosure may depend on the whether the information 

is embedded in the decisions of both users and disclosers (Weil et al. 2006).  Weil et al. 

also suggests the TRI provides low user embeddedness and moderate to low discloser 

embeddedness, which may explain the TRI’s mixed record of effectiveness. The 

importance of embeddedness is also reflected in the finding that CCRs reduced 

violations for suppliers who mailed their reports to consumers rather other forms of 

disclosure, such as newspaper announcements or making reports available upon request 

(Bennear and Olmstead 2008).  

 The research presented in the Chapters 2 and 3 seeks to understand if the 

disclosure of environmental health information impacts the risk perception and 

behaviors of individuals. Specifically, the question of whether individuals will respond 

to information about a long-term, latent environmental health risk has not been tested in 

the field until now. 

1.2 Behavioral Economics and Risk Information Framing 

While the information disclosure literature has focused on if and when 

information affects human behavior, the behavioral economics and psychology 

literatures have looked at how information affects human behavior. As explained earlier, 

Kahneman and Tversky’s prospect theory provides as framework to understand how 

information affects preference formation and choices. 

Behavioral economics is a large and growing literature. This review will focus on 

a few key insights that are relevant to the research in this dissertation. The first area of 

focus is how differences in presentation of risk information influences risk perception. 
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Changes in wording can alter the relative attractiveness of alternatives in a choice set: 

subjects show different risk preferences when presented with options which highlight 

benefits and options that highlight costs (Kahneman and Tversky 1979, 1981). The 

second topic is the importance of the context of the decision, specifically personal health 

decisions, to risk perception. I’ll discuss research in both areas in more detail below. 

1.2.1 Framing 

Framing refers to alternative descriptions of a decision problem. A gains frame 

decision problem is described in terms of benefits, while a losses framed problem is 

described in terms of costs. When investigating framing effects, decision-makers are 

often asked, directly or indirectly, to make a choice between two alternatives. Within a 

frame, these alternatives often have different expected values. Across frames, the only 

difference is in the description of the alternatives. The now classic example used by 

Kahneman and Tvesky is known as the Asian disease problem (1981). Subjects are asked 

to choose between two alternatives to address an outbreak of a new disease that is 

expected to affect 600 people. Within each frame, one alternative has a certain outcome, 

and the other alternative presents risk. The gain framed alternatives are Program A, 

where two hundred people are saved with certainty and Program B, where there is one-

third probability that 600 people will be saved and two-thirds probability that no people 

will be saved. The loss framed alternative are Program C, where 400 people will die with 

certainty, and Program D, where there is one-third probability that no one will die and 

two thirds probability that 600 people will die. The expected value of both Program B 

and Program D is 200 people saved and 400 people die (that is, if an individual's 

preference were risk neutral, they should be indifferent between all programs). By 

design the choice between Program A and B is identical to the choice between Program 

C and D, choosing between certainty and risk. 
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Under rational choice theory, the framing of options should not change 

preferences between options. However, Kahenman and Tversky found when options are 

presented in terms of costs or negative consequences, people accept more risk, but 

people avoid risk when options presented in terms of benefits or positive consequences. 

This means when presented with gains-framed Programs A and B, most people choose 

program A, the risk-averse option. Yet when presented with loss-framed Programs C 

and D, most people choose program D, the risk-seeking option. 

The effects of information framing on risk perception and decision-making have 

been extensively covered in the literature since early work by Kahneman and Tversky. 

Previous studies consistently find that alternative descriptions influence preferences, 

decision-making and risk perception, contrasting with rational choice theory (Rothman 

and Salovey 1997 ; Kühberger 1998; Kühberger et al. 1999; Piñon and Gambara 2005). 

Smith and coauthors (1995) provided different types of information booklets on the 

cancer risk of radon, and found that the format and amount of information affected risk 

perceptions. At least one study has found that the framing effect is robust to wording 

issues within a frame (Detweiler et al. 1999). For example, attaining a desirable outcome 

was found to be equivalent to not attaining an undesirable outcome in both gains framed 

messages. The same is true for a loss frame, where attaining an undesirable outcome 

was found to be equivalent to not attaining a desirable outcome. 

Most of the existing work on framing effects has used laboratory studies and 

researchers often have to rely on student samples. Lab experiments have shown 

participants respond differently to alternatives when they are framed in terms of costs or 

benefits. Tversky and Kahneman (1979, 1980, 1981) were able to obtain systematic 

reversals of preferences by variations in framing of acts, contingencies and outcomes. 

Although we may be worried that hypothetical decisions made by students who 
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participate in many experiments do not reflect how people behave in real life decision 

problems, Kühberger et al. presented students with real and hypothetical gambles and 

was able to obtain similar responses to framed information (2002). 

1.2.2 Decision Context 

Kahneman and Tversky's Asian disease example and follow up work by Levin 

and Chapman (1990, 1993) present participants with public health decisions. There may 

be reason to believe that people behave differently when making public and private 

health decisions. Experimental evidence shows the framing effect persists across 

personal decisions and decisions involving others (Levin et al.1988). Real experimental 

interventions to promote health behaviors have found responses to gains-framed 

(Rothman, Salovey, et al. 1993) and loss-framed information (Banks et al. 1995, 

Meyerowitz and Chaiken 1987). In one of the first field experiments testing framing 

effects, Detweiler et al. presented beach-goers with information on either the benefits of 

sun-protective behaviors or the costs of unsafe sun exposure (1999). As mentioned 

earlier, this study used two gains frames and two loss framed treatments, but did not 

find any difference within frames. In other words, the gains framed message ''use 

sunscreen to help your skin stay healthy,'' produced a similar response to another gains 

framed message ''use sunscreen to reduce your risk of getting skin cancer.'' Response 

was measured in terms of risk perception (anxiety and perceived risk of getting skin 

cancer), and behaviors (self-reported intention to use sunscreen and requesting a free 

sunscreen sample). Participants who read the gains-framed brochures were significantly 

more likely to request the free sunscreen, state their intentions apply sunscreen 

repeatedly, and intend to use 15 SPF or higher sunscreen. It is important to note that this 

intervention presented information to a population for which the health behavior was 

highly relevant.  
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Another important aspect of the Detweiler et al. study is that it investigates 

framing effects in a health context. Health behaviors can broadly be classified into three 

functions: prevention, detection and treatment. Some health behaviors may overlap in 

function. Prevention behaviors focus on maintaining health and reducing future risk. 

Examples of health prevention behaviors include use of sunscreen, exercise, and use of 

infant car seats. Detection behaviors focus on uncovering potential health risks, and 

examples include prostate exams and mammograms. Framing may have a different 

effect for prevention and detection behaviors, due to a difference in focus. Rothman and 

Salovey argue that prevention behaviors maintain an individual's healthy status and as 

such can be considered the safe (or at least less risky) option, while doing nothing is the 

more risky option (1997). Prospect theory predicts that, in the context of prevention 

behaviors, gain-framed information leads people to prefer less risky options and hence, 

engage in more preventative behaviors. Detection behaviors may be perceived as risky, 

as they increase the risk of detecting a health problem. Prospect theory predicts that loss 

framed information leads people to prefer more risky options and hence, engage in more 

detection behaviors. These predictions are supported by research that finds that gains-

framed messages more effectively promoted prevention behaviors, while loss-framed 

messages more effectively promote detection behaviors (Banks et al. 1995, Rothman and 

Salovey 1997, Detweiler at al. 1999, Schneider et al. 2001, Salovey and Williams-Piehota 

2004; Rivers et al. 2005). Applications include breast self-examinations, pap testing, and 

sunscreen. A particularly interesting lab example comes from Rothman et al. (1999), who 

use traditional (preventative) and plaque detecting mouthwash to directly confirm that 

gains framed message promote prevention behaviors and losses framed message 

promote detection behaviors (1999). 
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Chapters 2 and 3 use experiments to test for the existence of framing effects in 

information disclosure about long term, latent environmental health risks. This work 

differs from the Detweiler et al. study, which presents participants with both a long-

term skin cancer risk and a short-term sunburn risk. The research in Chapter 2 tests for 

framing effects in a field experiment, which informs participants about real risks they 

face. This has not been done for long term, latent environmental health risks previously. 

The questions raised by our work in the field experiment lead us to formulate 

hypotheses to test in a lab experiment in Chapter 3, and those questions fall in the realm 

of risk communication.  

1.3 Risk Communication and Health 

Risk communication is a broad literature that spans many disciplines, topics, and 

applications. The issues raised by behavioral economics regarding human-decision 

making under uncertainty could be considered under the umbrella of issues within risk 

communication although it was not conceived in this context. The National Research 

Council’s study on risk communication defined it as the “interactive process of exchange 

of information and opinions among individuals, groups, and institutions concerning a 

risk or potential risk to human health and environment” (NRC 1989). In general, it is the 

process of conveying and compressing technical information to a non-technical 

audience. This risk communication addressed in this dissertation is classified in the 

category of care communication, which communicates risks already well defined and 

supported by scientific research. The purpose of care communication is improving lives, 

as opposed to avoiding an immediate risk or reducing work-related risks. The health 

care risk and environmental risks are two subsets of care communication.  

Interest in risk communication began to proliferate in academic literature in the 

late 1980s (Plough and Krimsky 1987, Stallen and Coppock 1987). The rise was linked 
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increased interest in information disclosure as an alternative to direct regulation of 

health risks, in other words, to persuade individuals to choose to take actions to protect 

themselves from risks. Additionally, growing interest in environment and public health 

risks necessitated communication between experts, policymakers and the public.  

 Risk communication is actively used by governments, firms and others, but as a 

academic research topic it is still an area of ongoing empirical evaluation. Much of the 

existing literature focuses on how to communicate risk in a crisis. Previous work on risk 

communication has focused on improving the effectiveness of communication (NRC 

1989, Keeney and Winterfeldt 2006), especially minimizing confusion (Jardine and 

Hrudey 1997). Risk messages have several critical components: message content, 

message source, how the message is conveyed, and the target audience. All of these 

factors have been shown to influence the effectiveness of risk messages (to highlight a 

few: Stern and Aronson 1984, McGuire 1985, McCallum et al. 1991, Fitzpatrick-Lewis et 

al. 2010). Some key findings that have come from this research are that the audience 

must find the risk communicator to be credible and trustworthy (McCallum et al. 1991). 

This can be complicated by the face that a risk communicator may be credible on some 

issue but all issues and may be credible to some but not all audiences (McGuire 1985). 

Other work has found that it may sometimes be preferable for government and public 

agencies to use intermediaries as risk communicators (Stern and Aronson 1984).  

 The formatting of the information as well as the context of the information 

influences how individual process and respond to risk information, especially when 

considering probability information (Visschers et. al 2008). A review of the literature on 

communication about environmental health risks (Fitzpatrick-Lewis et al. 2010) had 

several recommendations: a multi-media approach is more effective than any single 
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media approach, combination of information types is a more effective than a single type, 

the message should be tailored to the audience. They also found personal risk 

perception, previous risk experience, source of information and their trustworthiness all 

to be important for the risk message to be effective. A book on best practices in risk 

communication also suggests risk communicators should simplify language used but 

not the content of the information, be objective rather than subjective, and raise issues of 

uncertainty rather than ignore them (Lungern and McMakin 2009).  

 Smith and his coauthors (1990, 1995, 1998) have investigated the difference in 

response to qualitative and quantitative messages, and find that thresholds and 

prescriptive messages produce more of a response than more complex messages. 

However, it is known that thresholds serve as bright lines that demarcate risk into two 

areas: safe and unsafe. Having only two risk regions leads to a discontinuity in response 

to small changes of risk around the threshold (Smith et al. 1990).  

 Work by McCallum and coauthors (1991) found that people relied on news 

reporters for information about environmental risks, even though they are not the most 

trusted sources, which were doctors and environmental groups. The authors suggest 

that people view environmental risks as external, and a government-regulatory issue 

rather than a community or personal health problem. While it is possible this has 

changed over the past two decades, it leads to concerns that individuals may be 

apathetic in responding to environmental risks, feeling it is not their responsibility but 

the government’s to address the risk. Chapters 2 and 3 giving us an opportunity to 

gauge how people respond to information about environmental health risks. 

Additionally, the research presented here contributes to our understanding of risk 
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communication by looking at the impact of information framing, bright lines and 

relative risk on risk perception.  

1.4 Summaries and Policy Implications 

Chapter 2 examines the effects of disclosure of information on risk perception, 

knowledge about risks, and actions to mitigate risk from arsenic in private drinking well 

water. We conduct an experiment where we manipulate how information about the 

health risks posed by arsenic in drinking water is presented to users of private wells. 

Private well users are randomly assigned to receive information about risks explained 

either in terms of health benefits of reduced arsenic exposure or health costs of 

continued arsenic exposure. In addition, we disclose real arsenic levels to private well 

users, and measure their response to the level of arsenic in their drinking water as well 

as framed information regarding the cancer risk posed by arsenic. In contrast to much of 

the existing literature, we find that information frame does not affect risk perception or 

actions taken to address risk. As mentioned earlier, this is the first research we know of 

to test framing effects for long term, latent environmental health risks in the field. The 

questions raised by our work in the field experiment lead us to formulate hypotheses to 

test in a lab experiment in Chapter 3. 

Due to the nature of field experiments, as researchers we have no control over 

the level of arsenic in the well water of our participants. In our sample, more than eighty 

percent of participants had less than 1 ppb of arsenic in their well water, which poses a 

low level of risk. The data collected for the research in Chapter 2 cannot address the 

questions whether framing affects decisions or risk perceptions at high or intermediate 

levels of risk. This question led us to directly control arsenic levels. Additionally, the 
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research in Chapter 3 moves beyond questions of framing to look examines how risk 

perceptions are affected by variations in risk communication, specifically the role of 

bright lines and relative risk in risk perception.  

We conduct an experiment about the health risks posed by arsenic in drinking 

water and introduce four manipulations in communication with experimental subjects: 

(1) the level of arsenic in drinking water, (2) framing of risk in terms of health gains or 

losses, (3) variations in the “bright line” for safety based on federal and state standards 

for arsenic in drinking water, and (4) variations in relative risk comparing respondents’ 

arsenic to arsenic of their neighbors. We find that participants do respond to information 

about the level of risk posed by their drinking water; those with higher levels of arsenic 

are more concerned. We do not find an effect of information framing.  We find that 

information about “bright lines” standards and relative risk information does influence 

perceptions for participants, but only those with intermediate levels of arsenic. 

A possible explanation for our findings on information in both Chapters 2 and 3 

is due to the nature of risk posed by arsenic. In contrast to other risks posed to 

participants in research on framing effects, the risks posed by arsenic in drinking water 

are latent and long-term. Directly testing framing effects for risks with different latencies 

and multiple risks with different latencies is an important follow-up to this work. 

Another possible explanation for our findings is due to the nature of our samples, which 

mostly consists of affluent, educated, Caucasians. However, in two different 

experiments using two different samples, we do not find an impact of information 

framing. 
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We do find evidence for impacts of bright lines and relative risk on risk 

perception. Chapter 3 suggests careful consideration must be taken in designing the 

disclosure of moderate levels of risk to ensure that information disclosure programs 

effectively convey health-based recommendations. Without these considerations, 

information disclosure programs may unwittingly and unnecessarily heightening 

concern among people facing moderate levels of risk. We consider this finding to be 

important because many unregulated risks fall in to this category.  

Chapter four seeks to determine the degree to which information disclosure, in 

the form of TRI, results in improvements in environmental performance. Our work 

isolates the effect of information disclosure by using changes in the TRI reporting 

requirements to help identify the causal effect of disclosure from other potential 

explanations of changes in environmental performance. It is important to note that this 

is a difficulty with regards to the TRI, because the researcher only observes data on toxic 

releases for facilities that are subject to the regulatory reporting requirements and only 

in years in which reporting has been in effect. With the absence of a clear control group, 

it is difficult to determine whether observed decreases in toxic releases due to the 

disclosure requirements or due to other factors such as general changes the industry or 

overall economy. The Toxics Release Inventory program has undergone several different 

changes in reporting requirements including:  (1) requiring additional categories of 

facilities to report, (2) requiring reports for additional chemicals, and (3) lowering 

reporting thresholds for particular chemicals.  In all three cases one can think of 

“treatment” as being newly subject to the TRI requirements (e.g. a facility required to 

report for the first time or a facility reporting for a chemical for the first time).  The 

“control” group is then facilities that have reported previously. This work presents 

results from analyses of adding new chemicals (2) and lowering reporting thresholds (3).  
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We find limited evidence that facilities newly reporting for a chemical have 

greater proportional decreases in total releases. The policy implications of Chapter 4 

suggest that information disclosure should not be considered a substitute for regulation 

of toxic chemicals.  
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2 The Role of Information Framing in Environmental 
Health Quality: A Field Experiment on Well Water 
Quality 

This chapter seeks to examine the effect of information on risk perception, 

knowledge about risks, and actions to mitigate risk from arsenic in private drinking well 

water. We conduct an experiment where we disclose real arsenic levels to private well 

users. We also present private well users with information about the health risks posed 

by arsenic in drinking water. The information is randomly assigned to be presented 

either in terms of health benefits of reduced arsenic exposure (gains frame) or health 

costs of continued arsenic exposure (loss frame). We measure participant response to the 

level of arsenic in their drinking water as well as framed information regarding the 

cancer risk posed by arsenic.  

Our hypothesis is that household response to information on the long-term latent 

cancer risks posed by arsenic in drinking water will be influenced by the framing of 

information. Building on the literature outlined in Chapter 2, we hypothesize that 

households receiving risk information framed in terms of health gains will be more 

likely to respond to information since reducing arsenic exposure is a preventative 

behavior (Banks et al. 1995, Rothman and Salovey 1997, Detweiler at al. 1999, Schneider 

et al. 2001, Salovey and Williams-Piehota 2004; Rivers et al. 2005). Household response is 

measured in terms of risk perception and actions taken to reduce risk. We find that our 

participants have generally low level of arsenic, and their responses indicate that they 

do not perceive these low levels of arsenic to pose risks to them. Subsequently, we find 

participants do not take action to address the risk posed by arsenic in their drinking 

water. Furthermore, we find information frame does not affect risk perception or actions 

taken to address risk. 
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This chapter begins background information on arsenic in drinking water in Section 2.1. 

Section 2.2 details the experimental design and Section 2.3 describes the sample. Our 

statistical methods and results are described in Section 2.4, and Section 2.5 offers 

conclusions and discussion. 

2.1 Background 

Groundwater is an important source of drinking water in areas not served by 

public and private water system in the United States. Users of private wells tend to be 

located in more rural areas, but suburban and exurban communities may also rely on 

private well water. Approximately twenty percent of residents in North Carolina are 

served by private wells. Public water system users are protected by the federal Safe 

Drinking Water Act, but private well water quality is not regulated at federal level. State 

regulations vary. In North Carolina, recent legislation requires testing of new water 

wells, but the state has no standards for contaminants in private well water. 

Arsenic is a naturally occurring element in groundwater, where it can leach from 

bedrock into the water. Arsenic is also a byproduct of some industrial and agricultural 

processes. Arsenic has been linked to serious health problems, both at high and low 

does. At high doses it is linked to gastrointestinal problems, hypertension and blood and 

kidney disorders. Long term exposure to low doses of arsenic has been shown to cause 

bladder and lung cancer, as well as being linked to heart disease, and skin and other 

forms of cancer (NRC 2001). There is limited evidence that suggests arsenic in drinking 

water is linked to diabetes, reproductive disorders, and neurological disorders (NRC 

2001). 

The Environmental Protection Agency regulates community water systems and 

sets maximum contaminant levels (MCLs) and maximum contaminant level goals 

(MCLGs) for different pollutants. The maximum contaminant level is the regulatory 
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standard. Community water systems are required to provide water that contains no 

more than the MCL of any regulated pollutant. The MCL is considered to be the level of 

the contaminant that may be achieved using current technologies and takes cost into 

consideration. The MCLG is a non-enforceable recommendation— is the level at which 

there are no known health effects. For arsenic the MCL is 10 parts per billion (ppb) and 

the MCLG is 0 ppb, indicating that any exposure to arsenic can impact human health. 

While private well water is not regulated according the MCL or MCLG these levels can 

be used as a guide for private well users. 

The State of North Carolina has no regulatory standards for arsenic in drinking 

water, but does develop health-based recommendations for contaminants in private well 

water. North Carolina's health based recommendation for arsenic is 0.02 ppb. The North 

Carolina recommendation is based on the U.S. EPA’s Integrated Risk Information 

System (IRIS); 1 0.02 ppb is the level that reduces the cancer risk of arsenic to one in one 

million. 2 

2.2 Experimental Design 

Our experimental design presents households in North Carolina with real risks 

based on the actual arsenic content of their well water, and as such we refer to this as a 

'field experiment.' We conduct a randomized experiment to examine whether gain or 

loss framed information induce differences in perception of risk and actions taken to 

avoid risk. The units of observation (households) were randomly assigned to one of the 

two frames by the experimenter. If households are randomly assigned to treatment, then 

the two groups' predetermined variables should look similar on the average (Sadish, 

                                                        
1 This information comes from the minutes of a meeting of the NC Environmental Management Commission 
on September 14, 1996. The minutes can be accessed at 
h2o.enr.state.nc.us/admin/emc/documents/SEPT06EMCFinalMinutes.pdf 
2 The EPA's IRIS entry on arsenic can be accessed at 
http://cfpub.epa.gov/ncea/iris/index.cfm?fuseaction=iris.showQuickView&substance_nmbr=0278 
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Cook and Campbell, 2002). This insures that differences in outcomes between the two 

frames are due to treatment rather than due to differences in other characteristics of the 

households. Information on the health effects of these contaminants are presented in 

either a gain or loss frame in the results letter and informational brochure and in 

information read to participants over the phone. Examples of gains framed and losses 

framed information are presented in Table 2-1. In total there were 12 places in the results 

letter and brochures where risk information was framed in terms of health gains or 

health losses. 

Table 2-1: Examples of Framed Information 
Gains Frame Loss Frame 

Reducing your exposure to arsenic decreases 
your risk of developing cancer.  

Continuing your exposure to arsenic 
increases your risk of developing cancer.  

If you currently have or choose to adopt one  
of these systems, your water will no longer 

contain a significant amount of arsenic, 
which reduces your family’s risk of cancer.  

If you do not currently have or do not choose to 
adopt one of these systems, your water will 
continue to contain a significant amount of 

arsenic, which increases your family’s risk of 
cancer. 

Reducing your regular daily arsenic 
consumption by the amount of arsenic 
contained in 8 glasses of water with the 
EPA’s limit, 10 ppb of arsenic per day, 

lowers your likelihood of developing cancer 
during your lifetime by 1 in 150.  

Regular daily consumption of the amount of 
arsenic contained in 8 glasses of water with 
the EPA’s limit, 10 ppb of arsenic per day, 

increases your likelihood of developing 
cancer during your lifetime by 1 in 150.  

 

2.2.1 Household Selection and Response 

Households for this study were selected using GIS from Wake, Orange and 

Union counties in North Carolina. Households name and addresses were taken from the 

property files for each county and households were contacted by letter to invite them to 

participate in the study. Based on response rates to similar mail recruitment programs 

we expected a 10 percent response rate. Our actual response rate varied by county with 

a closer to 20 percent response rate in Wake County, a 10 percent response rate in 

Orange County and less than 5 percent response rate in Union County.  
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2.2.2 Experimental Instrument 

Once the household is recruited into the study they complete a screening survey, 

which insures households own their own home and own a private well. Households 

then complete a baseline survey before any water testing. The baseline survey collects 

data on socio-demographic information, water usage and well characteristics. We collect 

data on participants’ knowledge of the sources of, effects of and treatments options for 

bacteria contamination and arsenic, as well as knowledge of federal, state, local 

regulations on private well water. Water is then be collected from the well and sent to 

the lab for sampling. 

Participants receive the results of the well tests for arsenic, radium and radon in 

a letter that indicates whether these contaminants were present in their water, and if 

detected, the level in their water. Participants also receive a brochure that provides 

details on the health effects of arsenic, federal and state guidelines, guidance on 

interpreting arsenic levels, causes of arsenic contamination, and options for reducing 

risk. We are concerned that the focus on arsenic shifts participant attention away from 

other risks they may face. For some people, this cannot be avoided. However, our 

informational brochure reminds participants that they have the option to do nothing in 

response to the arsenic in their well water. 

One to two weeks after participants receive their results, they complete a phone 

survey to discuss their results, ask questions, and indicate their level of concern about 

the arsenic present in their well water. Before asking questions, we read gains or losses 

information about arsenic to participants. We used both an oral and written presentation 

to ensure participants received the framed information and to reinforce the gain/loss 

message. This additional step increased our confidence that a null finding would not be 

due to participants not receiving the framed information from neglecting to read the 
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provided materials. The second survey obtains Likert scale measures of participants' 

concern about arsenic. We obtain data on changes participants were considering or had 

already made to their water consumption and treatment behavior. We also ask 

participants if they discussed their results with other people, and if and where they went 

to seek more information about arsenic and its effects on human health. 

The third and final survey takes place three to six months after participants 

receive their results. Again, we obtain measures of participants' concern about arsenic, 

as well as changes made in their water consumption and treatment behavior. We also 

collect data on the usefulness of different pieces of information provided. We measure 

participant knowledge of the source of, effects of and treatments for bacteria and arsenic 

contamination. Participants also rank the usefulness of the information we provided and 

indicate what additional information would have been useful to them. 

2.3 Description of the Sample 

We sent recruitment letters to a random set of households from the property 

files. We sought to recruit roughly 200 participants for this study. We screened 229 and 

174 were recruited into the study. Generally, participants are affluent (sixty-three 

percent earn more than $75,000 per year), well-educated (sixty-six percent have at least a 

Bachelor's degree), and Caucasian (ninety-four percent of participants). The majority of 

household have children living in their home, with seventy-four percent of households 

have children under the age of ten. Most participants live in newer houses, seventy-six 

percent in homes built since 1980 and fifty-seven percent built since 1990. The median 

time participants lived in their current home is eight years. Almost half of participants 

had their well tested at some points, and the most frequently tested contaminant was 

bacteria, which was tested for by thirty-five households. 
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The majority of households use some form of water treatment and primarily 

drink tap water. Sixty-three percent of households use at least one water treatment 

system, with most of these households using carbon filters (sixty percent) and water 

softeners (forty percent). Almost half of the homeowners spent less than $500 installing 

their treatment system, but seventeen percent spent more than $2000. Additionally, 

almost half of the homeowners spend less than $100 per year on maintenance. 

Regarding water consumption, more than forty percent of participants primarily drink 

filtered tap water and thirty-four percent primarily drink unfiltered tap water.  

However, sixty-four percent of participants consume at least some bottled water at 

home. 

Our participants think of themselves as healthy and are not well informed about 

arsenic contamination. Sixty percent of participants think their health is better than a 

typical person, and just one participant thought their health was significantly worse 

than the typical person. Sixty-one percent of participants think their chance of getting 

cancer is the same as the typical person. Less than ten percent of participants smoke, 

although forty-five percent have smoked in the past. In general, participants have 

limited knowledge of the causes, health effects and possible treatments to reduce 

arsenic. For example, only thirty-six percent of participants knew that arsenic caused 

cancer.  

It is clear that our sample is not representative of the general public, however, 

this is likely due to drawing upon private well owners for our experiment rather than 

poor sampling. Additionally, although we are using survey tools, our research design 

randomly assigns participants to treatment. We feel confident that although we are 

using a unique sample, the use of a field experiment where we present real private well 

users with real information about their drinking water is likely to represent responses of 
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exurban well users. For our questions, we consider our sample an improvement on 

using student sample or self-selected panels who complete multiple, compensated 

experiments and surveys. Based on the literature, we would expect impacts of a more 

educated and affluent sample on information alone to be biased upward (Shimshack et 

al. 2007). However, it is not clear how these characteristics would impact framing effects. 

We can imagine that increased sensitivity to information could increase framing effects, 

or the effects of education and possible exposure to other kinds of risk information to 

result in participants disregarding or “overcoming” framing effects. Before examining 

changes in risk perceptions by information framing, it is important to test if 

randomization resulted in sufficient similarity among the treatment groups. If 

households are randomly assigned to treatment, then predetermined variables should 

look similar among all of the treatment groups, on the average (Sadish, Cook and 

Campbell, 2002). This insures that differences in outcomes between the treatments are 

due to treatment rather than due to differences in other characteristics of the households. 

In our sample, random assignment worked very well and we found no differences 

between the two framing groups on pre-determined variables, which are featured in 

Table 2-2. 
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Table 2-2: Predetermined Variables 

 Treatment 
Group    

Variable Loss 
Frame 

Gain 
Frame Test Statistic p units 

Arsenic Level 2.09 2.07 Student's t 0.99 ppb 
 (1.11) (0.82)    

Housing type 1.08 
(0.51) 

1.15 
(0.70) Fisher's exact 1.00 

1 =  house 
3 = mobile home 

5 = other 
Year Home Built 1990 

(1.60) 
1986 
(2.70) 

Wilcoxon-Mann-
Whitney rank-sum 

0.46 
 years 

Tenure in Home 11.76 
(1.31) 

12.80 
(1.31) 

Wilcoxon-Mann-
Whitney rank-sum 0.56 years 

Children in home 0.79 
(0.05) 

0.77 
(0.05) 

Pearson's Chi-
squared 0.80 0 = no 

1 = yes 
Children in home 

under 10 y.o. 
0.74 

(0.05) 
0.71 

(0.05) 
Pearson's Chi-

squared 0.57 0 = no 
1 = yes 

Caucasian 0.97 
(0.02) 

0.92 
(0.03) Fisher's exact 0.28 0 = no 

1 = yes 

Income 4.95 
(0.14) 

4.75 
(0.15) 

Wilcoxon-Mann-
Whitney rank-sum 0.36 

4 = $50,000 to 
$75,000 

5 = $75,000 to 
$100,000 

Education 5.56 
(0.15) 

5.79 
(0.15) 

Pearson's Chi-
squared 0.74 

5= Associates 
Degree 

6 = Bachelor's 
Degree 

Currently smokes 0.11 
(0.04) 

0.11 
(0.04) 

Wilcoxon-Mann-
Whitney rank-sum 0.98 0 = no 

1 = yes 
Ever Smoked 0.47 

(0.06) 
0.46 

(0.06) 
Pearson's Chi-

squared 0.94 0 = no 
1 = yes 

Relative health 3.71 
(0.78) 

3.80 
(0.91) 

Wilcoxon-Mann-
Whitney 0.59 

3 = The same 
4 = Better than 

others 

Relative cancer risk 2.85 
(0.68) 

2.81 
(0.92) 

Wilcoxon-Mann-
Whitney 0.86 

2 = Lower than 
others 

3 = The same 
Trust federal govt 

(to set policies 
protecting health) 

1.96 
(0.11) 

2.27 
(0.11) 

Pearson's Chi-
squared 0.21 

Trust state 
government 

2.14 
(0.11) 

2.49 
(0.11) 

Pearson's Chi-
squared 0.13 

Trust local 
government 

2.19 
(0.12) 

2.55 
(0.11) 

Pearson's Chi-
squared 0.15 

1 = Strongly 
disagree 

2 = Disagree 
3 = Neither Agree 

nor Disagree 
4 = Agree 

5= Strongly Agree 
Read local paper 4+ 

times/week 
0.61 

(0.06) 
0.63 

(0.06) 
Pearson's Chi-

squared 0.85 0 = no 
1 = yes 

Read national paper 
4+ times/week 

0.13 
(0.04) 

0.13 
(0.04) 

Pearson's Chi-
squared 0.93 0 = no 

1 = yes 
Watch network tv 

news 4+ 
times/week 

0.76 
(0.05) 

0.76 
(0.05) 

Pearson's Chi-
squared 0.94 0 = no 

1 = yes 
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 Treatment 
Group 

   

Variable Loss 
Frame 

Gain 
Frame 

Test Statistic p units 

Watch cable tv news 
4+ times per week 

0.48 
(0.06) 

0.53 
(0.06) 

Pearson's Chi-
squared 0.57 0 = no 

1 = yes 
Read internet news 
4+ times per week 

0.60 
(0.06) 

0.62 
(0.06) 

Pearson's Chi-
squared 0.86 0 = no 

1 = yes 
Listen to radio news 
4+ times per week 

0.60 
(0.06) 

0.64 
(0.05) 

Pearson's Chi-
squared 0.60 0 = no 

1 = yes 
Well age (known) 13.5 

(1.91) 
15.8 

(1.77) 
Wilcoxon-Mann-

Whitney rank-sum 
0.15 years 

Well age (estimated) 2.76 
(0.23) 

2.83 
(0.23) 

Fisher's exact 1.00 1 = less than 5 y.o. 
2 = 5 to 10 y.o. 

3 = 10 to 20 y.o. 
4 = more than 20 

y.o. 
Well ever tested? 0.49 

(0.07) 
0.5 

(0.07) 
Fisher's exact 0.93 0 = No 

1 = Yes 
-1 = Don't Know 

When most recent 
well test completed 

2.98 
(0.24) 

2.79 
(0.19) 

Fisher's exact 0.33 1=Within Last Year  
2 = Within Last 3 

Years  
3 = Within Last 5 

Years 
4 = Within Last 10 

Years  
5 = More than 10 

years  
-1 = Don't Know 

Well passed most 
recent test 

0.88 0.86 Fisher's exact 0.08 0 = no 
1 = yes 

Has water treatment 
system 

0.56 0.68 Fisher's exact 0.22 0 = no 
1 = yes 

Well tested for 
bacteria 

0.13 
(0.04) 

0.27 
(0.05) 

Pearson's Chi-
squared 

0.04 0 = no 
1 = yes 

Well tested for lead 0.11 
(0.04) 

0.12 
(0.04) 

Pearson's Chi-
squared 

0.86 0 = no 
1 = yes 

Well tested for 
arsenic 

0.08 
(0.03) 

0.10 
(0.03 

Pearson's Chi-
squared 

0.63 0 = no 
1 = yes 

Well tested for 
radioacive material 

0.01 
(0.01) 

0 
(0) 

Pearson's Chi-
squared 

0.31 0 = no 
1 = yes 

Well tested for 
nitrates 

0.09 
(0.03) 

0.06 
(0.03) 

Pearson's Chi-
squared 

0.50 0 = no 
1 = yes 

Well tested for other 
contaminants 

0.19 
(0.05) 

0.13 
(0.04) 

Pearson's Chi-
squared 

0.32 0 = no 
1 = yes 

Bacteria detected 0 
(0) 

0.04 
(0.02) 

Fisher's exact 0.25 0 = no 
1 = yes 

Lead detected 0 
(0) 

0.01 
(0.01) 

Fisher's exact 1.00 0 = no 
1 = yes 
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 Treatment 
Group 

   

Variable Loss 
Frame 

Gain 
Frame 

Test Statistic p units 

Arsenic detected 0 
(0) 

0.03 
(0.02) 

Fisher's exact 0.50 0 = no 
1 = yes 

Radioacive material 
detected 

0 0  NA 0 = no 
1 = yes 

Nitrates detected 0.01 
(0.01) 

0 
(0) 

Fisher's exact 0.49 0 = no 
1 = yes 

Other contaminants 
detected 

0.03 
(0.02) 

0.03 
(0.02) 

Fisher's exact 1.00 0 = no 
1 = yes 

Bottled water 
consumed at least 

once per week 

0.65 
(0.06) 

0.61 
(0.06) 

Pearson's Chi-
squared 

0.54 0 = no 
1 = yes 

Amount spent on 
bottled water per 

week 

1.18 
(0.08) 

1.28 
(0.08) 

Fisher's exact 0.22 1 = Less  than $10  
2 = $10 to $20  
3 =  $21 to $30  
4 = $31 to $40   

Primary water 
source: unfiltered 

tap 

0.36 
(0.06) 

0.32 
(0.05) 

Pearson's Chi-
squared 

0.57 0 = no 
1 = yes 

Primary water 
source: filtered tap 

0.44 
(0.06) 

0.45 
(0.06) 

Pearson's Chi-
squared 

0.93 0 = no 
1 = yes 

Primary water 
source: bottled 

0.17 
(0.04) 

0.18 
(0.04) 

Pearson's Chi-
squared 

0.86 0 = no 
1 = yes 

Primary water 
source: other 

0.03 
(0.02) 

0.05 
(0.03) 

Fisher's exact 0.68 0 = no 
1 = yes 

 
 

 We did experience some attrition in the study as indicated in Table 2-3. Only six 

households officially withdrew from the study and all did so before completing any of 

the surveys and well testing. Attrition was due to participants refusing to answer the 

second and third surveys, despite attempts to contact each household several times by 

email and phone. However, households who did not complete all three surveys were 

not statistically distinguishable on arsenic level, concern about arsenic or predetermined 

variable from households who completed all three surveys. A select number of these 

variables are shown in Table 2-4.  
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Table 2-3: Participant Attrition 

 Screened First Survey 
Completed 

Second Survey 
Completed 

Third Survey 
Completed 

Number of 
Households 229 174 157 124 

 

Table 2-4: Comparison of predetermined variables between participants and dropouts 

 Completed 
all surveys 

Did not 
complete all 

surveys 
   

 Mean 
(s.e.) n Mean 

(s.e.) n Test Statistic p units 

Arsenic 2.52 
(0.85) 123 0.72 

(0.33) 41 Student's T 0.23 ppb 

Concern 
about 

arsenic 
1.78 

(0.09) 120 1.56 
(0.16) 34 Wilcoxon-Mann-

Whitney rank-sum 0.22 
1 = not at all 
concerned 
2 = a little 
concerned 

Year 
Home 
Built 

1988 
(1.86) 119 1987 

(2.34) 52 Wilcoxon-Mann-
Whitney rank-sum 

0.57 
 years 

Children 
in home 

0.77 
(0.04) 122 0.83 

(0.05) 53 Pearson's Chi-
squared 0.37 0 = no 

1 = yes 

Income 4.88 
(0.11) 120 4.65 

(0.19) 51 Wilcoxon-Mann-
Whitney rank-sum 0.33 

4 = $50,000 to 
$75,000 

5 = $75,000 to 
$100,000 

Education 4.88 
(0.11) 120 4.65 

(0.19) 51 Pearson's Chi-
squared 0.11 

4 = Some college 
5= Associates 

Degree 
Well ever 

tested 
0.53 

(0.05) 120 0.44 
(0.09) 52 Pearson's Chi-

squared 0.65 0 = no 
1 = yes 
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2.4  Statistical Methods and Findings 

2.4.1 Framing Hypothesis 

Based on the second survey, we know that participants read our letter and 

brochure containing information on arsenic framed in terms of health gains or health 

losses. All respondents read the letter detailing well testing results, and ninety-four 

percent read the brochure. In addition, information from the letter and brochure were 

read to all participants over the phone, in their assigned frame, before they completed 

the second survey. 

Table 2-5 reports estimates for the effect of framing on concern regarding arsenic. 

Reducing risk from arsenic is a prevention behavior, and previous work on the framing 

of health risks suggests that gains framed messages better promote prevention behaviors 

(Banks et al. 1995, Rothman and Salovey 1997, Detweiler at al. 1999, Schneider et al. 

2001, Salovey and Williams-Piehota 2004, Rivers et al. 2005). The framing variable takes 

a value of 1 if the participant was assigned to the gains frame so we expect the 

coefficient on frame to be positive. We do find that framing effects are positive (although 

not statistically significant) for the short-term levels of concern, as measured in the 

second survey. The effects of frame on various actions to reduce arsenic consumption 

are also generally positive, but not statistically significant. 
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Table 2-5: Short-term Concern about Arsenic 

Outcome Variable Level of concern about arsenic 
Independent Variables   
Arsenic Level 0.055*** 0.033***   
 ! 1 (0.017) (0.010)   
Frame: Gain  0.225 0.129 0.209 0.128 
 ! 3 (0.315) (0.188) (0.315) (0.188) 
Above US EPA standard   2.204*** 1.322*** 
   (0.623) (0.391) 
     
     
     
     

Model 
Ordered 
Logit 

Ordered 
Probit 

Ordered 
Logit 

Ordered 
Probit 

p-value for Likelihood Ratio 
Chi-Square test statistic A 0.0025 0.0041 0.0015 0.0023 
n 154 154 154 154 
Quasi R-squared 0.0345 0.0317 0.0375 0.0349 
Test that threshold parameters 
differ B Yes Yes Yes Yes 
p-value likelihood-ratio test of 
equality of coefficients across 
response categories C 0.0035 D 0.0030 0.1942 0.1463 

 

A Probability of obtaining a Likelihood Ratio Chi-Square test statistic as extreme as, or more so, than the 
observed statistic under the null hypothesis; the null hypothesis is that all of the regression coefficients are 
simultaneously equal to zero. In other words, tests that at least one of the predictors' regression coefficient is 
not equal to zero. 
 
B The ordered probit model assumes that our values for the dependent variable are truly different from each 
other. We can test this assumption by determining if our estimated threshold parameters or cut points are 
statistically distinguishable. This is only a concern if the 95% confidence intervals for our estimates overlap, 
which they do only for concern about arsenic. 
 
C One of the assumptions underlying ordinal probit (and ordinal logistic) regression is that the relationship 
between each pair of outcome groups is the same.  In other words, these ordinal regressions assume that the 
coefficients that describe the relationship between, for example, the lowest versus all higher categories of the 
dependent variable are the same as those that describe the relationship between the next lowest category 
and all higher categories, and so on.  This is known as the proportional odds assumption or the parallel 
regression assumption.  Because the relationship between all pairs of groups is the same, there is only one 
set of coefficients (only one model).  If this was not the case, we would need different models such as 
generalized ordered logit model or an ordered generalized linear model.  
 
D When using the Brant test of parallel regression assumption for logit models, all explanatory variables in 
this specification meet the parallel lines assumption, and the overall test has a p-value of 0.082. 
 

The estimates of the effect of level of arsenic on level of concern are smaller than 

the estimates of the effect of frame, but are highly significant. Arsenic is a naturally 

occurring contaminant, and we had no control over the levels of arsenic in participants' 
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wells. More than eighty percent of participants had less than 1 ppb of arsenic in their 

well water; see Figure 2-1. This amount of arsenic poses a low level of risk, and more 

than half of participants were not concerned about the level of arsenic in their well 

water. Twenty participants (thirteen percent) were moderately concerned and fourteen 

(nine percent) were very concerned. 

Figure 2-1: Histogram of Arsenic Level 

 

 

We are concerned that frame might affect participants differently if there were 

above a state or federal guideline. Participants above the threshold may be more 

concerned about the risks posed by arsenic and may be influenced by framing. To test 

this hypothesis we include an interaction term of frame and being above a 

recommendation. The framing effect remains non-significant, as does the interaction, 

which indicates that the frame does not have an effect above the threshold. The third 
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and fourth columns of Table 2-5 indicate that being above the US EPA standard is a 

statistically significant determinant of concern. We cannot test for bright lines for the 

North Carolina recommendation using ordinal models. As shown in Table 2-6, all 

participants who are below the North Carolina recommended level of arsenic of 0.02 

ppb are not at all concerned. For estimation purposes, the lack of variation results in all 

observations being completely determined. While this limits estimation, it does reassure 

us that participants did understand the risk message. Additionally, all of the participants 

who had an arsenic level greater than 10 ppb, the US EPA standard for public water 

systems, were at least slightly concerned. As reflected in the regression results, 

participants responded to information about their level of arsenic and the EPA standard 

in ways that we would expect.  

Table 2-6: Bright Lines 

 Not at all 
concerned 

A little 
concerned 

Moderately 
concerned 

Very 
Concerned 

Total 

Below NC 
recommendation 41 0 0 0 41 

Above NC 
recommendation 46 35 19 13 113 

 

Framing effects are not consistent over the long-term levels of concern (as 

measured by the third survey) and are not statistically significant. Table 2-7 shows that 

the coefficients on frame for the long-term measure of concern is much smaller than for 

the short-term measure of concern. This result is not completely unexpected. The effect 

of frame is likely to be much larger for the measures of concern taken in the second 

survey because this survey was conducted within weeks of the household receiving and 

reading the framed information and immediately after framed information was read to 

them. We expect frame to be most salient in the short-term, and for its effect to attenuate 

over time. Our results confirm these expectations. Although arsenic level continues to be 
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a major driver of concern, the proportional odds (also known as parallel regression) 

assumption is violated for arsenic level in our ordered logit and ordered probit models 

for the effect of arsenic level on concern about arsenic. Column three shows the results 

for the generalized ordered logit model, which indicates that of arsenic level is a 

significant determinant of concern about arsenic. As detailed in Williams (2006), the 

coefficient estimate for arsenic level for those who are not concerned is comparison to all 

higher levels of concern. The coefficient estimate for arsenic level for not concerned and 

a little concerned is comparison of not concerned and a little concerned to all higher 

levels of concern, and finally the last coefficient estimate for arsenic level is a comparison 

of for those who are not concerned, a little concerned and moderately to those who are 

very concerned. Positive coefficients indicate that higher values of arsenic will make it 

more likely that the subject will be in a higher category of concern than the current 

category. This fits with our intuition that higher levels should produce higher levels of 

concern. The estimate of the effect of frame changes signs in this regression, but is not 

statistically significant. 
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Table 2-7: Long-term Concern about Arsenic 

Outcome Variable Level of concern about arsenic 
Independent Variables   
Arsenic Level 0.081*** 0.048***   
 ! 1 (0.024) (0.013)   
Frame: Gain  0.083 0.008 -0.089  0.308 
 ! 3 (0.352) (0.210) (0.364)  (0.363) 
Arsenic Level: not concerned vs 
rest 

  1.352***  

   (0.547)  
  0.125**  Arsenic Level: not concerned and 

a little concerned vs. rest   (0.052)  
  0.060***  Arsenic Level: not concerned and 

a little concerned and moderately 
concerned vs. rest  

  (0.023)  

Above US EPA standard     4.322*** 
     (1.212) 
Frame X above US EPA standard    -2.464* 
    (1.500) 

Model 
Ordered 
Logit 

Ordered 
Probit 

Generalized 
Ordered 
Logit 

Ordered 
Logit 

p-value for Likelihood Ratio Chi-
Square test statistic A 0.0002 0.0003 0.0015 0.0002 
n 120 120 120 120 
Quasi R-squared 0.0605 0.0580 0.0375 0.0701 
Test that threshold parameters 
differ B Yes Yes Yes Yes 
p-value likelihood-ratio test of 
equality of coefficients across 
response categories C 0.0005 D 0.0004  0.1526 0.0716 

 

A Probability of obtaining a Likelihood Ratio Chi-Square test statistic as extreme as, or more so, than the 
observed statistic under the null hypothesis; the null hypothesis is that all of the regression coefficients are 
simultaneously equal to zero. In other words, tests that at least one of the predictors' regression coefficient is 
not equal to zero. 
 
B The ordered probit model assumes that our values for the dependent variable are truly different from each 
other. We can test this assumption by determining if our estimated threshold parameters or cut points are 
statistically distinguishable. This is only a concern if the 95% confidence intervals for our estimates overlap, 
which they do only for concern about arsenic. 
 
C One of the assumptions underlying ordinal probit (and ordinal logistic) regression is that the relationship 
between each pair of outcome groups is the same.  In other words, these ordinal regressions assume that the 
coefficients that describe the relationship between, for example, the lowest versus all higher categories of the 
dependent variable are the same as those that describe the relationship between the next lowest category 
and all higher categories, and so on.  This is known as the proportional odds assumption or the parallel 
regression assumption.  Because the relationship between all pairs of groups is the same, there is only one 
set of coefficients (only one model).  If this was not the case, we would need different models such as 
generalized ordered logit model or an ordered generalized linear model.  
 
D When using the Brant test of parallel regression assumption for logit models, in this specification, arsenic 
level fails meet the parallel lines assumption, and the overall test has a p-value of 0.027. Thus, we must used 
the generalized ordered in the third column. 
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2.5 Conclusions and Discussion 

This experiment tests whether framed health risk information influences risk 

perception of and actions taken to reduce risk by participants facing real risks from their 

private well water. We find that arsenic level does influence risk perception. This result 

holds for risk perception measured shortly after learning about the level of risk faced as 

well as a few months later. The confirmation of our first hypothesis is important as it 

indicates our experimental instrument does impact perceptions of our participants in the 

way we expected. Higher levels of arsenic lead to higher levels of concern, as predicted 

by a rational choice model. However, the arsenic level in the private well water of our 

participants is low, and our participants are generally not concerned about this low risk, 

nor do they take actions to mitigate it.  

We did not find an effect of information framing. This result contradicts other 

papers in the literature that have found significant differences in response to non-

environmental risks by risk framing. There are several possible explanations for our 

finding. First is that framing of risk information does not affect risk perception at low 

levels of risk. Work by Kühberger et al. suggests that framing effects only appear when 

the payoff size is large (2002). As arsenic is a naturally occurring contaminant, the field 

experiment did not allow any control over level of arsenic in participants' wells, and 

more than eighty percent of the participants had very low (less than 1 ppb) levels of 

arsenic. One hypothesis that cannot be addressed by data collected in this experiment is 

whether framing affects decisions or risk perceptions at high or intermediate levels of 

risk.  
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Another possible explanation for our finding is due to the nature of risk posed by 

arsenic. In contrast to other risks posed to participants in research on framing effects, the 

risks posed by arsenic in drinking water are latent and long-term. In the Detweiler et al. 

sunscreen example, preventing exposure to damaging radiation decreases risks of skin 

cancer, a long-term problem, but also decreases the risk of sunburn, a short-term 

problem. Prevention of arsenic exposure does not boast any short-term benefits. The 

irrelevance of information framing in our results may be due to the nature of the risk 

posed by arsenic, suggesting an opportunity for future research directly comparing 

types of risks and information framing. Further analysis of the individual response to 

information disclosure is an important, continuing area of research. This work will have 

important policy implications for environmental information disclosure programs. 

There is an increasing reliance on information disclosure programs in the United States 

and other parts of the world as a substitute for, or complement to, traditional regulation 

of drinking water and other environmental risks. Many environmental issues pose risks 

that fall in a range between negligible and lethal. Information disclosure has the 

potential to be a low-cost method of improving environmental quality and reducing 

health risks for vulnerable populations, but only if we improve our understanding of 

how information provision affects behavior.  
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3 Risk Framing, Bright-Lines, and Relative Risk: 
Impacts of Information on Perceptions of Risk from 
Arsenic in Groundwater  

This chapter examines how perceptions of risk from arsenic in drinking water are 

affected by variations in risk communication. We introduce four manipulations in 

communication with experimental subjects: (1) the level of arsenic in drinking water, (2) 

framing of risk in terms of health gains or losses, (3) variations in the “bright line” for 

safety based on federal and state standards for arsenic in drinking water, and (4) 

variations in relative risk comparing respondents’ arsenic to arsenic of their neighbors.  

These manipulations are a direct response to issues raised in Chapter 2. Our lack 

of control over the level of arsenic in drinking water in the field resulted in generally 

low levels of arsenic. This prevented us from determining whether information framing 

affects risk perception for higher levels risk. We randomly assign participants to a low, 

intermediate or high level of risk to allow us to investigate framing effects.  

In the experiment presented in Chapter 2, we gave participants information 

about two relevant drinking water standards. In this experiment, we randomly assign 

participants to see one or both of these standards to allow us to consider their effects 

separately.  

Lastly, participants in the field experiment in Chapter 2 were very interested in 

how their level of arsenic compared to their neighbor level of arsenic. These questions 

prompted us to consider the effects of this type of information on risk perception.  

This chapter presents results from a web-based experiment with 463 subjects, all 

of whom are residents of the Research Triangle area in North Carolina, specifically 

Wake, Durham and Orange counties. The experiment examines changes in risk 
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perception from randomly assigned variations in risk communication format about 

arsenic in a hypothetic new well that serves as the sole source of drinking water for the 

respondent’s home. We examine four experimental manipulations. In the first, we assign 

one of three different levels of arsenic and examine how risk perception varies with the 

amount of arsenic in the well. Second, we randomly assign half of the participants to 

receive information framed in terms of health gains from reducing arsenic exposure and 

half to receive information framed in terms of health losses from continued arsenic 

exposure. Third, we randomly assign participants to see one of three combinations of 

“bright lines” government standards or recommendations.1 Finally, we explore the role 

of relative information in risk perceptions by varying the relationship between the 

respondents’ arsenic and the arsenic levels of their neighbors.  

We find that participants respond to information about arsenic level, with higher 

levels of arsenic resulting in increases in perceived risk. We find no effect of risk framing 

for any arsenic level. We find that information about “bright lines” standards influences 

risk perception for participants with intermediate levels of arsenic. Among those with 

intermediate levels of arsenic, the difference in risk perception between seeing one 

standard as opposed to both standards increases perception of risk equivalent to the 

magnitude of the increase in risk perception from intermediate arsenic to high arsenic 

levels. More specifically, those who saw only federal standard were the least concerned, 

as their arsenic was below the standard; those who saw only the state standard were the 

most concerned, as their arsenic was above the standard. Additionally, relative risk 

information also mattered for participants at an intermediate level of arsenic; their 

                                                        
1 A bright line, as explained below, is a reference point that has the effect of demarcating two statuses, safe 
below the recommendation, and unsafe above the recommendation.  
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concern increased upon learning that their arsenic was much higher than their 

neighbors. Among those with intermediate levels of arsenic, being told they are 

significantly higher than their neighbor increases perception of risk equivalent to 

increase from low arsenic to high arsenic levels.  

The chapter is organized as follows. Section 3.1 highlights additional background 

information and literature relevant to this research.  Section 3.2 provides our conceptual 

framework and uses this framework to derive hypotheses of how perceptions and 

knowledge will be influenced by the different experimental manipulations. Section 3.3 

presents the experimental design and data. Our empirical strategy and results can be 

found in Section 3.4.  The final section 3.5 offers our conclusions and discussion. 

3.1 Background 

In this paper we examine the effects of variations in information framing and 

format on risk perception and knowledge of risks from arsenic contamination of 

drinking water among experimental participants drawn from the Research Triangle area 

in North Carolina.  

As previous discussed in Chapter 2, private wells drawing groundwater are 

important sources of drinking water in areas not served by community water system in 

the United States. Users of private wells are often located in rural areas, but some 

suburban and exurban communities also rely on private well water. More than a quarter 

of North Carolina residents are served by private wells.2 The federal Safe Drinking 

Water Act protects public water system users, but private well-water quality is not 

                                                        
2 Based on an estimated 2.7 million private well users, as stated by Jeanne Robbins, North Carolina Water 
Science Center Data Chief, USGS, accessible at 
http://nc.water.usgs.gov/podcasts/DataProgram/index.html. The USGS NC Water Science center had 
estimated 2.3 million people obtained drinking water from private wells in 2009. 
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regulated at federal level and state regulations vary. In North Carolina, legislation 

passed in 2006 requires testing of new water wells, but the state has no standards for 

contaminants in private well water.3 Instead, the North Carolina Department of Public 

Health issues recommendations for certain groundwater contaminants, including 

arsenic. 

Arsenic is a naturally occurring element in groundwater, where it can leach from 

bedrock into the water. An interesting feature of arsenic as a groundwater contaminant 

is that levels of arsenic can vary over short distances (van Geen 2002). Arsenic exposure 

in drinking water has been linked to serious health problems, both at high and low 

doses. At high doses it is linked to gastrointestinal problems, hypertension and blood 

and kidney disorders. Long term exposure to low doses of arsenic has been shown to 

cause bladder and lung cancer, as well as being linked to heart disease, and skin and 

other forms of cancer (NRC 2001). There is evidence suggesting arsenic in drinking 

water is linked to diabetes, reproductive disorders, and neurological disorders, and all-

cause mortality (Argos et al. 2010, Calderon J 2001, CH 2002, Chen CJ 1986, Ferreccio C 

2000, Haque R 2003, Hopenhayn-Rich C 1998, Lewis DR 1999, Morales KH 2000, Tsai SY 

2003, Tsuda T 1995, Wasserman 2007, Wu MM 1989, Yang CY 2008). 

3.2 Conceptual Framework and Hypotheses  

Our experiment is designed to test specific hypotheses of how individuals 

respond to variation in risk communication about arsenic. This section elucidates these 

                                                        
3 For more information, North Carolina Department of Environment and Natural Resources, On-site Water 
Protection Section, Private Wells Branch can be accessed at: 
http://www.deh.enr.state.nc.us/osww_new/new1/privwells.htm 
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hypotheses and links them to the broad literature in behavioral economics and risk 

communication.   

Our first hypothesis is that risk perceptions increase in arsenic levels. This 

hypothesis can be derived from a rational decision model because there is no known 

level of arsenic that is safe and health risks from arsenic exposure are believed to be 

linear in arsenic levels (or at least linearity cannot be ruled out) (NRC 1999, 2001). 

Hence, health risks are directly proportional to arsenic exposure and a rational choice 

model would predict that risk perceptions and risk-averting actions should be non-

decreasing in arsenic exposure, holding all else constant. 

The remaining hypotheses represent possible deviations from the rational choice 

framework. From the seminal work of Kahneman and Tversky (1979, 1981) we know 

that when options are presented in terms of costs or negative consequences, people 

accept more risk, but people avoid risk when options are presented in terms of benefits 

or positive consequences. Researchers have examined this behavioral effect in the 

context of risk communication by varying the risk framing, where a gains frame 

describes the scenario in terms of benefits of risk avoided, while a loss frame describes 

the scenario in terms of costs of risks incurred. As detailed in Chapter 1, Detweiler et al. 

ran one of the first field experiments testing framing effects and found that gains-framed 

messaged better motivated sun-protective behavior. 

Further research has demonstrated that the type of health behavior, specifically 

whether the activity is for prevention of illness or detection of illness, will determine if 

the framing of information in terms of health gains or losses produces different 

responses. Rothman and Salovey contend that prevention behaviors, which behaviors 
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focus on uncovering potential health risks, maintain an individual's healthy status and 

as such can be considered the safer (or at least less risky) option, while doing nothing is 

the more risky option (1997). Empirical research has found that gains-framed messages 

more effectively promoted prevention behaviors, while loss-framed messages more 

effectively promote detection behaviors (Banks et al. 1995, Rothman and Salovey 1997, 

Detweiler at al. 1999, Schneider et al. 2001, Salovey and Williams-Piehota 2004; Rivers et 

al. 2005).  

Our experiment provides people with the opportunity to reduce their risk from 

arsenic, which is a preventative behavior. As such, we hypothesize receiving 

information framed in terms of health gains will increase concern about the health risks 

from arsenic. Further, we hypothesize that the magnitude of the framing effect may vary 

with arsenic levels but we do not have a strong prior as to the sign of the interaction 

term. It is possible that subjects with high levels of arsenic and subsequently high levels 

of risk are impacted more by a health gains message compared to those at lower levels 

of arsenic. Alternatively, it could be that subjects with high levels of arsenic know that 

they are already at high levels of risk and are less susceptible to a framing effect than 

subjects at lower levels of arsenic. 

Reference points such as the status quo, certain outcomes, or policy standards, 

influence risk perception and behavior (Samuelson and Zeckhauser 1988, Viscusi and 

Magat 1987, Viscusi et al. 1987, Ritov et al. 1993, Patt and Zeckhauser 2000). Such 

reference points are often referred to as “bright lines.” Any standard or recommendation 

can oversimplify risk by demarcating two statuses, safe (below the recommendation) 

and unsafe (above the recommendation). It is frequently more accurate to perceive risk 
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as a continuum, and contaminant levels slightly above or below the recommendation 

pose similar levels of risk. Previous research has suggests in some situations, a simple 

bright-line message results in more actions taken to reduce risk compared to more 

complicated messages. An experiment conducted by Smith et al. (1995) randomized 

information on radon risk across households, and found that a message which combined 

qualitative information and bright-lines resulted in more actions taken to mitigate radon 

relative to a quantitative risk information message, which provided richer, but also more 

complex, decision guidance. In a randomized experiment on arsenic in drinking water 

from wells in Bangladesh, Bennear (2012) found richer information provision, which 

explained that lower arsenic exposure is always better and encouraging households to 

seek water from the well with the lowest level of arsenic, did not result in more 

switching relative to simple messages that focused on the binary safety status of the well 

and encouraged households to seek water from wells labeled "safe." Both of these 

experiments presented households with real risk posed by environmental contaminants.  

In our experiment, we give participants detailed quantitative information about 

risk in addition to the level of arsenic in their well. Participants later learn about one or 

two of the relevant standards for arsenic in drinking water. These bright lines do 

provide new information, such as the EPA’s balance between costs and benefits of 

reducing arsenic from public water systems. We explicitly inform participants that the 

North Carolina standard is based on the level of arsenic exposure that poses an 

additional cancer risk of 1 in 1 million. After receiving the framed information on 

arsenic, participants with high or intermediate arsenic know what their increased risk of 

cancer due to the arsenic level of their drinking water. The North Carolina 

recommendation provides additional information to participants with low arsenic. 
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These standards do provide participants with new information that may influence their 

general concern about the level of arsenic they face and the importance of taking action 

to address it, the information alone does not objectively change the risks faced by the 

participants. Unlike previous research comparing the effect of bright lines to other 

information formats, our experimental instrument allows us to look solely at the effect of 

the bright line on risk perception. If we see a response to this bright line information, it is 

due to a change in perception, not a change in risk.  

Given that previous research has indicated that bright lines increase risk 

perception and motivate changes in risk mitigation behavior, we expect our bright lines 

information to affect risk perceptions. Arsenic level will play a large role in determining 

how participants respond to the bright lines treatment. We hypothesize that perceptions 

of risk from arsenic will increase the most among participants with arsenic levels close to 

or above the standard. For example, risk perception might increase for a participant 

assigned to intermediate arsenic who sees the North Carolina recommendation, as their 

arsenic exceeds the recommendation. We would not expect risk perception to increase 

for a participant assigned to intermediate arsenic who sees the EPA standard, as their 

level of arsenic is below the recommendation. However, for many if our treatments we 

do not have a strong prior on the impact of the bright lines. For example, for a 

participant assigned to high arsenic become more concern upon learning they exceed the 

EPA standard, or does the additional information only confirm what they already 

know? We are especially interested in the ability to compare the effect of seeing one of 

the standards to seeing both standards. 
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The last piece of information given to participants is how their arsenic level 

compares to the average arsenic level in their neighborhood. We are interesting the how 

information about the arsenic contamination of drinking water in ones neighborhood 

influences risk perception. Research has shown that people have trouble processing risk 

information and often use mental shortcuts, or heuristics, to simplify complex 

information (Kahneman and Tversky 1974, Viscusi and Magat 1987). Additionally, 

people are often constructing their beliefs when first learning about new risks, and 

research on preference stability (Ariely et al. 2003), framing effects and bright lines have 

shown that people’s beliefs can be influenced by information. We are interested in 

whether information on relative risk will influence perception of risk.  

In a rational choice model, information on how participants’ arsenic level 

compares to the average arsenic level in their neighborhood should not affect risk 

perceptions because this information does not have any effect on the health risks faced 

by the participants.4 However, this information focuses attention to an extremely local 

reference, which may impact our measures of risk perception. We hypothesize that 

being told your level of arsenic is greater than the average arsenic in your neighborhood 

will increase risk perception, and being told your level of arsenic is the same or lower 

than your neighbors will not increase risk perception.  

                                                        
4 While the information on relative risk does not affect households’ true risk from arsenic in their drinking 
water, it may affect concern about arsenic through non-health channels. For example, households may 
rationally be more concerned about arsenic if their level is higher than their neighbors if they worry that this 
will negatively affect their house value. Additionally, in a setting where participants could not only learn 
the arsenic level of their neighbors but also how their neighbors respond to their arsenic level, it may give 
participants more information about the costs and benefits of risk reduction and affect their own likelihood 
of taking action. These questions can be addressed in future work. 
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3.3 Experimental Design and Sample 

3.3.1 Framing Hypothesis 

We conduct a randomized web-based experiment to examine whether 

manipulations in risk communication induce differences in perception of risk and 

actions taken to avoid risk. Households for this study were selected using GIS property 

layers from Wake, Durham, and Chatham counties in North Carolina. A random set of 

households name and addresses were taken from the property files for each county and 

households were contacted by letter to invite them to participate in the study. Based on 

power calculations, we aimed to recruit 500 participants to the study.  In the end, 463 

participants completed the experiment, which is 93% of our target sample size. 

Participants were compensated for their participation with a one in fifty chance to win a 

two hundred dollar gift card.  

We conducted two focus groups (each with ten people) on the experimental 

instrument and made substantial changes in response to focus group comments. The 

final experimental instrument (found in Appendix B) contains three sections. The first 

section contains baseline questions about their actual water use, water treatment, and 

health behaviors. The second section contains the full set of four experimental 

manipulations described in detail below. The final section asks demographic, recall and 

opinion questions. 

 At the beginning of the experimental section of the survey instrument, 

participants are presented with a detailed scenario asking them to think about a 

hypothetical new well dug on their property, which is the source of all of the water that 

comes out of the taps in their home. Participants are reminded of throughout the 
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experiment that they are receiving information about their new private well and that 

they should only think about water from that well when responding to questions.  

Participants are then sequentially presented with the four experimental manipulations 

in risk communication. Figure 3-1 shows how the shows how the interventions branch 

from one another.  
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Figure 3-1:Treatment diagram for high arsenic 
How treatments are assigned and presented; identical for intermediate or low arsenic treatments 
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Our first experimental manipulation is the level of arsenic. Participants are 

randomly assigned to one of three possible arsenic levels: 12 ppb, 1 ppb and 0.01 ppb. 

These three levels were chosen to represent very low, moderate, and high levels of 

arsenic based on the distribution in North Carolina and relative to standards in North 

Carolina and the United States. 

The second experimental manipulation concerns risk framing. The information 

participants receive is framed in terms of the health loses from continuing arsenic 

exposure or the health gains from reducing arsenic exposure. Examples of gains framed 

and losses framed information are presented in Table 3-1.  

Table 3-1: Examples of framed information 
Gains Frame Loss Frame 

Eliminating exposure to arsenic in your 
drinking water decreases your risk of 

developing cancer.  

Continued exposure to arsenic in your 
drinking water increases your risk of 

developing cancer.  
If you adopt a certified treatment system, 

you may be able to lower the level of arsenic in 
your water, which can reduce your family’s 

cancer risk.  

If you do not adopt a certified treatment 
systems, your water may continue to contain 

a significant amount of arsenic, which 
increases your family’s cancer risk. 

This means that if 150 people switched from 
drinking water with 10 ppb to drinking water 

free of arsenic, over their lifetime one fewer 
person out of that 150 would get cancer. 

This means that if 150 people drink water 
with 10 ppb, over their lifetime one additional 

person out of that 150 would get cancer. 

 

 In total there are twelve places where risk information is framed in terms of 

health gains or health losses. All of the information following the initial measures is 

consistently presented in either a loss or gains frame. An example of the quantitative 

arsenic risk information given to participants is provided in Table 3-2.  

. 
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Table 3-2: Example of quantitative risk information 
For gains frame participants, this table is presented as “Estimated Reduction in Cancer 
Risk From Eliminating Exposure to Arsenic.”  
 
For loss frames participants, this table is titled “Estimated Increase in Cancer Risk From 
Arsenic Exposure.” 
 

Arsenic Level   2 liters of Water Per Day  
(Eight 8- ounce glasses) 

1 liter of Water Per Day  
(Four 8- ounce glasses) 

20 ppb 1 in 75 1 in 150 
10 ppb 1 in 150 1 in 300 
5 ppb 1 in 300 1 in 600 
1 ppb 1 in 1500 1 in 3000 

 

While the first two experimental manipulations are randomized separately, that 

is a participant is first randomly assigned an arsenic level and then randomly assigned a 

risk frame, the two manipulations are implemented simultaneously in the experiment.  

Participants receive information on the arsenic level of the hypothetical new well on 

their property and information on the risks of arsenic in gains/loss frame at the same 

point in the study.  Analysis of these two manipulations (see Section 4) will account for 

this. 

The third experimental intervention presents participants with a “bright-line” 

standard or recommendation for arsenic exposure from drinking water. The two 

relevant benchmarks for North Carolina residents are the US EPA standard for arsenic 

in public drinking water of 10 ppb, and the state of North Carolina's health-based 

recommendation for arsenic in drinking water of 0.02 ppb. These benchmarks differ by 

three orders of magnitude, largely due to differences in how the standard or 

recommendation was derived. The U.S. EPA is required to set standards that reflect both 

costs and benefits of arsenic exposure reduction. The N.C. health recommendation is 
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based purely health impacts. It was set at the level of arsenic where a linear 

extrapolation of the dose-response curve would suggest an excess cancer risk of one in a 

million. We manipulate whether participants see the US EPA standard, the North 

Carolina health-based recommendation, or both. We refer to this as the bright lines 

treatment. Examples of bright lines information are presented in Table 3-3. 

Table 3-3: Examples of bright lines information 
Federal Standard NC Recommendation 

EPA sets standards for contaminants in 
public drinking water systems. These 

standards do not apply to homeowners with 
private wells like you. However, they may 

provide a useful reference point. 

The North Carolina recommendation is 
based on the level of arsenic exposure that 

poses an additional cancer risk of 1 in 1 
million.  The health-based recommendation 

is that arsenic levels in drinking water be 
below 0.02 ppb. 

EPA has stated that no known level of 
arsenic exposure is completely safe. 

However, after taking into account the cost 
and technological feasibility of reducing 

arsenic in public water systems EPA set a 
standard at 10 parts per billion (ppb). 

Note that this is only a recommendation and 
public or private water systems are not 

required to meet this standard. 

 

In the final experimental treatment, participants receive information on how 

their arsenic level compares to the average arsenic level in their neighborhood. 

Participants are randomly assigned to one of five groups: (1) own arsenic is significantly 

lower than neighborhood arsenic, (2) own arsenic is slightly lower than neighborhood 

arsenic, (3) own arsenic is about the same as neighborhood arsenic, (4) own arsenic is 

slightly higher than neighborhood arsenic, and (5) own arsenic is significantly higher 

than neighborhood arsenic. We refer to this as the relative risk treatment. It is important 

to note that these relative measures were assigned independently of arsenic level 

(manipulation 1).  Thus a household that was randomly assigned an arsenic level of 0.01 

could still be randomly assigned to the category “own arsenic is significantly higher 
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than neighborhood arsenic.” Because some combinations of actual arsenic and relative 

risk may be less believable to participants, our empirical strategy will allow us to 

estimate the impact of relative risk information for differing levels of baseline arsenic. 

To measure changes risk perception in response to the experiment 

manipulations, four questions are repeated after each piece of new information is 

presented to respondents. This allows us to examine the additional impact of each new 

manipulation on overall risk perceptions and the cumulative effect of all the information 

and manipulations. 

We collect four measures of the participants’ perception of risk, each on a four or 

five-point Likert Scale.  The four question are given below:    

(1) How concerned are you about the level of arsenic in the water from your new 
private well? 

 
(2) How likely do you think it is that you will get sick from drinking water from 

your new private well? 
 
(3) How likely do you think it is that you will get cancer from drinking water 

from your new private well? 
 
(4) Overall, to what extent do you believe it is important that you take action to 

address the levels of arsenic in water from your new private well?   
 
These four measures use different approaches to gauge the perceived risk to the 

participants posed by the arsenic in the drinking water from their new private well. 

These four questions are asked four times in the study: once at the beginning of the 

experimental section before any information is presented, once after they receive 

information on arsenic level and some background information on arsenic, once after 

they receive the bright lines information, and once after they receive information on 

their arsenic relative to their neighbor's arsenic. These repeated measures allow us to 
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measure how risk perception changes with different types of information and are 

designed to maximize power from our recruitment goal of a 500-person sample.5 

3.3.2 Description of Sample  

 Table 3-4 presents a summary of descriptive data for the sample of 463 

households who completed the experiment. Generally, participants are affluent (61 

percent earn more than $75,000 per year), well educated (75 percent have at least a 

Bachelor's degree), and Caucasian (86 percent of participants). A minority of households 

have children living in their home: 41 percent have children under the age of eighteen, 

and less than 25 percent of households have children under the age of eleven. Almost all 

of the participants live in houses, just below 95 percent. Most participants live in newer 

houses; 68 percent in homes built since 1980 and 55 percent built since 1990. The median 

time participants lived in their current home is eight years. 

Table 3-4: Summary of Key Descriptive Variables  
 Mean 

(sd) 
n Units Distribution: n (percent) 

 
Income 5.03 

(1.64) 
433 1 = Less than $20,000 

2 = $20,000 to $29,999 
3 = $30,000 to $49,999 
4 = $50,000 to $74,999 
5 = $75,000 to $99,999 

6 = $100,000 to $149,999 
7 = $150,000 to $199,999 
8 = More than $200,000 

1: 7 (1.62) 
2: 22 (5.08) 

3: 50 (11.55) 
4: 85 (19.63) 
5: 85 (19.63) 

6: 102 (23.56) 
7: 55 (12.70) 
8: 27 (6.24)   

Education 5.94 
(1.20) 

457 1 = Less than high school  
2 = GED 

3 = High School diploma 
4 = Some college 

5 = Associates Degree 
6 = Bachelor Degree 
7 = Graduate Degree 

1: 1 (0.22) 
2: 1 (0.22) 

3: 22 (4.81) 
4: 49 (10.72) 
5: 37 (8.10) 

6: 165 (36.11) 
7: 182 (39.82) 

     
                                                        

5 We have a reasonably high probability of detecting an effect given standard power calculations.  
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 Mean 
(sd) 

n Units Distribution: n (percent) 
 

Race White  0.859 
(0.348) 

462 0 = no 
1 = yes 

 

Children under 
18 in home 

0.406 
(0.492) 

463 0 = no 
1 = yes 

 

Children under 
11 in home 

0.246 
(0.431) 

463 0 = no 
1 = yes 

 

Housing type  461  House: 434 (94.1)  
Townhouse/duplex: 16 

(3.47 )  
Mobile home: 11 (2.39) 

Year Home Built 1987 
(19) 

425 years  

Tenure in Home 10.6 
(8.9) 

460 years  

Water source  462  Public: 191 (41.34) 
Community well: 21 

(4.55) 
Private well: 250 (54.11) 

Well ever tested?  250  Yes: 139 (55.60) 
No: 91 (36.40) 

Don’t know/no 
response:  20 (8.00) 

Well tested for 
bacteria 

0.12 
(0.02) 

462  0 = no 
1 = yes 

 

Treats water  461  Yes: 256 (55.53) 
No: 204 (44.25) 
Don’t know/no 

response:  1 (0.22) 
Treat with 

carbon filter 
0.44 

(0.50) 
462 0 = no 

1 = yes 
 

Treat with water 
softener 

0.15 
(0.36) 

462 0 = no 
1 = yes 

 

Treatment 
installation cost 

 256 1 = Less than $100 
2 = $100 - $499  
3 = $500 - $999 

4 = $1000 - $1499 
5 = $1500 - $1999 

6 = More than $2000 
-1= Can’t Estimate 

1: 112 (43.75) 
2: 42 (16.41) 
3: 22 (8.59) 
4: 12 (4.69) 
5: 12 (4.69) 

6: 27 (10.55) 
-1: 29 (11.33) 

Primary water 
source 

 457 0 = no 
1 = yes 

Untreated tap: 178 (38.95) 
Treated tap: 188 (41.14) 
Bottled water: 91 (19.91) 
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 Mean 
(sd) 

n Units Distribution: n (percent) 
 

Primary water 
source 

 457 0 = no 
1 = yes 

Untreated tap: 178 
(38.95) 

Treated tap: 188 (41.14) 
Bottled water: 91 (19.91) 

Bottled water 
consumed at 
least once per 

week 

0.69 
(0.46) 

460 0 = no 
1 = yes 

 

Relative health 3.72 
(0.89) 

461 1 = Significantly worse 
2= Worse than others 

3 = The same (average) 
4 = Better than others 

5 = Significantly better 

 

Relative cancer 
risk 

2.73 
(0.86) 

461 1 = Significantly lower 
2= Lower than others 

3 = The same (average) 
4 = Higher than others 
5 = Significantly higher 

 

Currently 
smokes 

0.08 
(0.28) 

459 0 = no 
1 = yes 

 

Ever Smoked 0.38 
(0.49) 

452 0 = no 
1 = yes 

 

 

While these figures indicate that our sample is significantly wealthier and better 

educated than the general U.S. population, this sample is not atypical for the Research 

Triangle region in N.C. As in Chapter 2, we consider our sample who are either private 

well owners or people who live in an area where private wells are common is an 

improvement on using student sample or self-selected panels who complete multiple, 

compensated experiments and surveys. Based on the literature, it is not clear how a 

more educated and affluent sample would impact framing effects, bright lines or relative 

risk information. 

We asked respondents a series of questions about their source, treatment, and 

consumption of water. While the experiment focused on a hypothetical new private 
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well, we did want to see if respondents had previous experience with private wells, 

water treatment systems, and, particularly, arsenic testing and treatment.  Fifty-six 

percent of our participants use a private well as the primary water source for their home. 

Almost 40 percent use public water and four percent use community wells. More than 

half of participants with private wells had their well tested at some points, and the most 

frequently tested contaminant was bacteria, which was tested for by fifty-five 

households (23 percent of private well users). Thirty-nine households (just under 16 

percent of private well users) had previously tested their well for arsenic and three 

households (one percent) had found arsenic. However these participants did not differ 

on our prior or posterior measurements of our outcome variables.  

The majority of respondents use some form of water treatment for their 

household water. Among households using at least one water treatment system, most of 

these households use carbon filters (45 percent) and water softeners (15 percent). More 

than 60 percent of the homeowners spent less than $500 installing their treatment 

system, but ten percent spent more than $2000. While their treatment systems may have 

had significant installation costs, maintenance costs are low. Nearly 60 of the 

homeowners spend less than $100 per year on maintenance, with only five households 

spending more than $500 per year.   

Most respondents consume tap water as their primary source of drinking water.  

Almost 40 percent of participants primarily drink filtered tap water and an additional 40 

percent primarily drink unfiltered tap water.  However, more than 70 percent of 

participants consume bottled water at least once a week. 
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We also asked participants about their perceptions of their health. Our 

participants think of themselves as healthy. Nearly 60 percent of participants think their 

health is better than a typical person, and only five participants thought their health was 

significantly worse than the typical person. Sixty-one percent of participants think their 

chance of getting cancer is the same as the typical person. Less than 10 percent of 

participants smoke, although 45 percent have smoked in the past. The fact that the 

median respondent thought they were healthier than the typical person, but also just as 

likely to get cancer as the typical person is consistent with other studies we have 

conducted using the same set of questions in other parts of North Carolina as well as the 

findings of unrealistic optimism and illusion of control over future health outcomes 

found in other studies (Weinstein 1980, 1982, 1987, McKenna 1993). While the precise 

explanation for this pattern is unclear, it is consistent with the idea that respondents feel 

their personal choices make them healthier than average, but cancer is more of a random 

occurrence. This may be important in interpreting our findings in this study since the 

principal health impact of arsenic exposure is cancer and households are presented with 

options that can directly reduce this cancer risk. 

Before examining changes in risk perceptions by risk communication treatment, 

it is important to test if randomization resulted in sufficient similarity among all of the 

treatment groups. If households are randomly assigned to treatment, then 

predetermined variables should look similar among all of the treatment groups, on the 

average (Sadish, Cook and Campbell, 2002). This insures that differences in outcomes 

between the treatments are due to treatment rather than due to differences in other 

characteristics of the households. All of the descriptive variables were tested for 
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differences across all the treatment groups, and we find no differences between any of 

the treatment groups on any of these descriptive variables. 6  We also examine 

differences in baseline perceptions of risk from arsenic; the perceptions they provided 

before we gave them any experimental information on arsenic. Because our outcome 

variables are ordinal Likert-scale measures we use non-parametric tests for difference 

between groups. We use the Wilcoxon-Mann-Whitney rank-sum test to detect 

differences between participants assigned to the gain or loss frame. We use the Kruskal-

Wallis equality-of-populations rank test to detect differences between participants 

assigned to our other treatments, each of which has at least three levels. The Wilcoxon-

Mann-Whitney rank-sum test is the non-parametric equivalent of a t-test, and the 

Kruskal-Wallis equality-of-populations rank test is the non-parametric equivalent of an 

Analysis of Variance (ANOVA). We find no differences between any of the treatment 

groups on our prior measurements of our outcome variables, which are featured in 

Table 3-5.  

Table 3-5 Priors for Outcome Variables 
Risk perception measures taken before participants know anything 

Variable Treatment Group Test Statistic p 
Loss/Gains Wilcoxon-Mann-Whitney 

rank-sum 
0.120 

Arsenic Level Kruskal-Wallis equality-of-
populations rank  

0.291 

Standard Kruskal-Wallis 0.392 

Concern about 
chemical 

contamination 

Relative Risk Kruskal-Wallis 0.631 
Loss/Gains Wilcoxon-Mann-Whitney  0.225 

Arsenic Level Kruskal-Wallis 0.336 
Standard Kruskal-Wallis 0.593 

Concern about 
arsenic 

contamination 
Relative Risk Kruskal-Wallis 0.830 
Loss/Gains Wilcoxon-Mann-Whitney  0.520 Likelihood of getting 

sick from arsenic Arsenic Level Kruskal-Wallis 0.950 

                                                        
6 These tests are available in the online supplemental materials. 
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Standard Kruskal-Wallis 0.417 exposure 
Relative Risk Kruskal-Wallis 0.702 
Loss/Gains Wilcoxon-Mann-Whitney  0.835 

Arsenic Level Kruskal-Wallis 0.635 
Standard Kruskal-Wallis 0.124 

Likelihood of getting 
sick from arsenic 

exposure 
Relative Risk Kruskal-Wallis 0.594 
Loss/Gains Wilcoxon-Mann-Whitney  0.508 

Arsenic Level Kruskal-Wallis 0.828 
Standard Kruskal-Wallis 0.372 

Importance of taking 
action to reduce 
arsenic exposure 

Relative Risk Kruskal-Wallis 0.973 

3.4 Analysis of Experimental Manipulations 

3.4.1 Arsenic Level and Risk Framing 

As previously mentions the first two experimental manipulations—arsenic level 

and risk frame—while randomized independently, are implemented simultaneously in 

the study.  After asking about baseline perceptions of risk from arsenic, participants are 

given the level of arsenic in their well water and presented information on the health 

risks posed by arsenic framed either in terms of health gains or health losses. As 

discussed in Section 2, we hypothesize that perception of risk is increasing in the level of 

arsenic in a participant’s well. However, we are concerned that frame might affect 

participants differently for different levels of arsenic. For example, participants with 

very high or very low levels of arsenic may feel more objectively confident in 

assessments of risk and may be less influenced by framing. To test this, we include an 

interaction between arsenic level and frame. Our estimation equation is given by:  

 

Y1 =  ! 0* Y0 +  ! 1 * Arsenic_High +  ! 2 * Arsenic_Low +  ! 3  * Frame  
+  ! 4 * Arsenic_High * Frame +  ! 5* Arsenic_Low * Frame + "  (3-1) 
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where Y1 represents each of our four risk perception outcome variables--

Concern, Likelihood of Getting Sick, Likelihood of Getting Cancer, Importance of Taking 

Action—measured immediately after the participant receives information on arsenic 

level framed in gains or loss format. Y0 represents one of our four outcomes (ordinal on 

scale of one to four or one to five) measured before participants are given any 

information about the arsenic content of their water. Conditioning on Y0 changes the 

interpretation of the other coefficients so that they now reflect the impact of arsenic level 

and framing on risk perceptions holding baseline risk perceptions (which presumably 

captures unobserved heterogeneity) constant. Arsenic_High is a binary variable that 

equals one for participants assigned to high arsenic (10 ppb) and zero for everyone else 

and Arsenic_Low is a binary variable that equals one for participants assigned to low 

arsenic (0.01 ppb) and zero for everyone else. The coefficients ! 1  and ! 2 are interpretable 

as levels of concern relative to households with the intermediate level of arsenic. Frame is 

a binary variable that equals zero for participants assigned to the gain frame and one for 

participants assigned to the loss frame. Because the outcome measures are all ordinal on 

a Likert scale of 1 to 5 (except for concern, which is 1 to 4), equation (1) is estimated 

using an ordered probit model.  The results can be found in Table 3-6. 

Before discussing the results, we note that the coefficients on ordered probit 

models are difficult to interpret. The signs of the coefficients to tell us how the 

probabilities of the lowest level of risk perception and highest level of risk perception 

change.7 A positive coefficient indicates that this intervention results in a lesser 

                                                        
7 If our coefficients are positive, this tells us that switching to that treatment (for a binary variable) or 
increasing an independent variable shifts the mass of the distribution out of the lowest ordered category (in 
our lowest is y = 1), and P(y = 1 | x) will decline. We can also infer that this will result in more mass in the 
highest ordered category (we have both y =4 and y=5 as highest categories) and P(y = max | x) will increase. 
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likelihood of a participant being at the lowest level of risk perception and greater 

likelihood of being at the highest level. A negative coefficient indicates than an 

intervention results in a greater likelihood of at the lowest level of risk perception and 

lesser likelihood of the highest level. 

                                                                                                                                                                     
A negative coefficient will mean the opposite is occurring. However, we cannot use these coefficients to 
determine the effects on the middle categories. If the coefficient is positive, we know that more of the 
probability distribution is moving into these middle categories, but some is leaving to move to the highest 
category. Based on Matt Golder’s interpretation from his course notes, accessible at 
http://homepages.nyu.edu/~mrg217/homepage.htm 
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Table 3-6: Ordered Probit Results 
Omitted category--intermediate arsenic 

Outcome Variable 
Concern about 

arsenic 
Likelihood of getting 

sick 
Likelihood of getting 

cancer 
Importance of taking 

action 
Independent Variables      

Arsenic Level: High  0.865*** 0.836*** 0.652*** 0.677*** 0.526*** 0.560*** 0.580*** 0.643*** 
 ! 1 (0.188) (0.128) (0.181) (0.123) (0.180) (0.122) (0.181) (0.125) 

Arsenic Level: Low -0.303* -0.276** -0.076 -0.070 -0.316* -0.174 -0.318** -0.303*** 
  ! 2 (0.178) (0.124) (0.178) (0.124) (0.178) (0.124) (0.173) (0.121) 

Frame: Loss  0.040  0.104  0.012  0.086  
 ! 3 (0.173)  (0.173)  (0.171)  (0.169)  

High Ars*Loss Frame -0.053  0.041  0.063  0.116  
 ! 4 (0.253)  (0.244)  (0.244)  (0.248)  

Low Ars*Loss Frame 0.054  0.016  0.284  0.032  
 ! 5 (0.249)  (0.249)  (0.249)  (0.242)  

Prior Measure of  0.428*** 0.427*** 0.558*** 0.559*** 0.604*** 0.601*** 0.257*** 0.256*** 
outcome            ! 0 (0.051) (0.051) (0.057) (0.057) (0.064) (0.064) (0.037) (0.037) 

p-values for 
Does frame matter for 
those assigned to high 

arsenic? 
H0 :  ! 3 +  ! 4 =0 0.944  0.399  0.666  0.268  

Does frame matter for 
those assigned to low 

arsenic? 
H0 :  ! 3 +  ! 5 =0 0.597  0.500  0.106  0.498  

p-value for Likelihood 
Ratio Chi-Square test 

statistic A 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
n 461 461 461 461 459 459 460 460 

Quasi R-squared 0.107 0.107 0.105 0.103 0.102 0.100 0.072 0.070 
Test that threshold 
parameters differ B Yes Yes Yes Yes Yes Yes Yes Yes 
p-value likelihood-

ratio test of equality of 
coefficients across 

response categories C 0.5098 0.2809 0.8224 0.3423 0.2223 0.0590 D 0.8957 0.8369 
 

A Probability of obtaining a Likelihood Ratio Chi-Square test statistic as extreme as, or more so, than the 
observed statistic under the null hypothesis; the null hypothesis is that all of the regression coefficients are 
simultaneously equal to zero. In other words, tests that at least one of the predictors' regression coefficient is 
not equal to zero. 
B The ordered probit model assumes that our values for the dependent variable are truly different from each 
other. We can test this assumption by determining if our estimated threshold parameters or cut points are 
statistically distinguishable. This is only a concern if the 95% confidence intervals for our estimates overlap, 
which they do only for concern about arsenic. 
C One assumption underlying ordinal probit (and ordinal logistic) regression is that the relationship 
between each pair of outcome groups is the same. In other words, these regressions assume that the 
coefficients that describe the relationship between, for example, the lowest versus all higher categories of the 
dependent variable are the same as those that describe the relationship between the next lowest category 
and all higher categories, and so on. This is known as the proportional odds assumption or the parallel 
regression assumption. Because the relationship between all pairs of groups is the same, there is only one set 
of coefficients (only one model). If this was not the case, we would need different models such as 
generalized ordered logit model or an ordered generalized linear model. 
D When tested, all explanatory variables in this specification meet the parallel lines assumption. 
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The results in Table 3-6 indicate that participants react arsenic level as expected. 

Participants assigned to a high level of arsenic are significantly more likely to be in the 

highest categories of levels of concern, perceived likelihood of getting sick and getting 

cancer, and ratings of the importance of taking action, compared to an intermediate level 

of arsenic. Additionally, being assigned a low level of arsenic compared to an 

intermediate level of arsenic results in a significantly higher likelihood of being at the 

lowest levels of concern, perceived likelihood of getting sick and getting cancer, and 

ratings of the importance of taking action, although that result is not always statistically 

significant. Baseline perceptions of arsenic are statistically significant and positive in all 

models.  

The coefficient !3 indicates the impact of the loss frame on risk perception 

measures for those households with intermediate arsenic.8 Based on the literature on the 

impact of framing for preventative behaviors (see Section 3.2) we had hypothesized a 

negative impact of the loss frame. Instead the impact is positive, but it is never 

statistically significant. To test the impact of framing for those assigned to high arsenic 

requires testing that  ! 3 +  ! 4 = 0. Additionally, framing is not significant for those 

assigned to low arsenic, which is represented by the hypothesis  ! 2 +  ! 3 +  ! 5 =  ! 2 

(which simplifies to  !3 +  ! 5 = 0). In sum, we find that framing effects are not statistically 

significant for any level of arsenic. 

                                                        
8 Technically it represents the impact of the loss frame for those households with intermediate arsenic 
shifting the mass of the distribution out of the lowest ordered category (P(y = 1 | x)) and into the highest 
ordered category (P(y = max | x)), if the coefficient is positive.  
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If we remove framing, specification is represented by: 

 

Y1 =  ! 0* Y0 +  ! 1 * Arsenic_High +  ! 2 * Arsenic_Low + "   (3-1) 

 

the results of which are also presented in Table 3-6. The pattern of results is as expected. 

Households with higher arsenic levels are more likely to move out of the lowest level 

and into the highest levels of risk perception relative to households with intermediate 

arsenic levels. Conversely, households with low arsenic levels are more likely to be 

move to the lowest level and out of the highest levels of risk perception relative to 

households with intermediate levels. Moving beyond the coefficients, Figure 3-2, Figure 

3-3 and Table 3-6B show the distribution of risk perception by using the predicted 

probabilities of being at each level of risk perception by arsenic level.9 Compared to 

intermediate arsenic, participants with high arsenic are between 11 percent and 21 

percent more likely to be in the two highest categories of risk perception. Compared to 

intermediate arsenic, participants with low arsenic are 10 to 11 percent of more likely to 

be in the two lowest categories of risk perception. The distribution of risk perception 

clearly differs by arsenic level, as we expect. 

                                                        
9 Generated using J. Scott Long and Jeremy Freese SPost.  
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Figure 3-2: Distribution of Concern about Arsenic by Arsenic Level 
 
 
 

 
Figure 3-3: Distribution of Risk Perception by Arsenic Level 
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Table 3-6B: Ordered Probit Results 
Predicted Probabilities of Outcome based on Treatment Category 

 

3.4.2  Bright Lines 

Our second treatment informs participants of the federal standard, the North 

Carolina recommendation, or both, for arsenic in drinking water. We hypothesize that 

risk perception is a function of the level of arsenic and the bright line. We also expect 

that the bright line might affect participants differently for different levels of arsenic. For 

example, participants with levels of arsenic above the bright line may be more 

concerned about the risks posed by arsenic. To test this, we include interactions between 

arsenic level and bright lines, which allows for the effect of the bright lines to differ 

across arsenic levels.  

  Predicted probabilities of outcomes 
Outcome Arsenic Level 1 2 3 4 5 

High 0.0378 
[0.0188,0.0568] 

0.2433 
[0.1900,0.2966] 

0.2612 
[0.2124,0.3100] 

0.4577 
[0.3828,0.5325] 

n/a 

Intermediate 0.1735 
[0.1230,0.2241] 

0.4279 
[0.3669,0.4889] 

0.2257 
[0.1942,0.2571] 

0.1729 
[0.1228,0.2230] 

n/a 

Concern 

Low 0.2538 
[0.1915,0.3162] 

0.4498 
[0.3952,0.5044] 

0.1853 
[0.1620,0.2085] 

0.1111 
[0.0716,0.1507] 

n/a 

High 0.0818 
[0.0500,0.1136] 

0.3347 
[0.2759,0.3935] 

0.3596  
[0.3135,0.4058] 

0.1432 
[0.1159,0.1705] 

0.0807 
[0.0446,0.1167] 

Intermediate 0.2371 
[0.1784,0.2958] 

0.4425 
[0.3886,0.4964] 

0.2459 
[0.2230,0.2669] 

0.0565 
[0.0481,0.0650] 

0.0188 
[0.0069,0.0308] 

Sick 

Low 0.2592 
[0.1971,0.3213] 

0.4450 
[0.3929,0.4970] 

0.2299 
[0.2101,0.2497] 

0.0501 
[0.0429,0.0574] 

0.0159 
[0.0052,0.0265] 

High 0.0767 
[0.0461,0.1073] 

0.3544 
[0.2937,0.4151] 

0.3828 
[0.3389,0.4268] 

0.1269 
[0.1031,0.1506] 

0.0591 
[0.0288,0.0895] 

Intermediate 0.1929 
[0.1403,0.2455] 

0.4576 
[0.4005,0.5148] 

0.2763 
[0.2536,0.2991] 

0.0562 
[0.0477,0.0647] 

0.0169 
[0.0054,0.0284] 

Cancer 

Low 0.2440 
[0.1830,0.3049] 

0.4684 
[0.4158,0.5211] 

0.2357 
[0.2183,0.2531] 

0.0411 
[0.0353,0.0468] 

0.0108 
[0.0027,0.0190] 

High 0.0376 
[0.0190,0.0563] 

0.1122 
[0.0798,0.1446] 

0.0877 
[0.0616,0.1138] 

0.3130 
[0.2625,0.3634] 

0.4495 
[0.3753,0.5237] 

Intermediate 0.1281 
[0.0856,0.1706] 

0.2187 
[0.1674,0.2701] 

0.1249 
[0.0913,0.1585] 

0.3077 
[0.2699,0.3455] 

0.2206 
[0.1651,0.2762] 

Action 

Low 0.2027 
[0.1470,0.2584] 

0.2612 
[0.2060,0.3165] 

0.1280 
[0.0951,0.1608] 

0.2666 
[0.2380,0.2951] 

0.1415 
[0.0968,0.1862] 
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From our previous treatment, we know that the level of arsenic in a participant’s 

well affects risk perception. The objective health risk faced by participants is a function 

of arsenic and levels and water consumption, and does not change with information 

about standards. However, it does provide participants with more information about 

another decision-maker’s views on arsenic levels. As such, we can treat this set of our 

repeated measures of risk perception as indicators of perceived risk as influenced by this 

additional information.  

Y2 is an ordinal variable for one of the four measures of participant's concern 

about arsenic in their well water measured after they learn about the standard. Then the 

equation to be estimated is:  

 

Y2 =  ! 0 * Y0  +   ! 1 * Arsenic_High  +   ! 2 * Arsenic_Low +   ! 3 * Standard_Fed  +   ! 4 * Standard_NC  

 +  ! 5 * Arsenic_High * Standard_Fed  +  ! 6 * Arsenic_High * Standard_NC   

 +   ! 7* Arsenic_Low * Standard_Fed  +   ! 8* Arsenic_Low * Standard_NC  +  "              (3-2) 

 

where Arsenic_High and Arsenic_Low are as previously defined. Standard_Fed is a 

binary variable that equals one for participants assigned to see only the US EPA 

standard and zero for everyone else and Standard_NC is a binary variable that equals one 

for participants assigned to see only the North Carolina standard and zero for everyone 

else. Equation 3-3 is estimated using an ordered probit model.  
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Table 3-7 reports the ordered probit results for the effect of standard and arsenic 

level on risk perception.10 The omitted categories are intermediate arsenic and both 

standards, thus all coefficients represent differences from those categories. As such, it is 

difficult to interpret these coefficients as they relate to our hypotheses. 

                                                        
10 For more detailed information, Table VII D presents the predicted probabilities of being at different levels 
of our risk perception measures for the different arsenic levels and standards. 
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Table 3-7: Ordered Probit Results 
Omitted Categories of Intermediate Arsenic, Both Standards 

Outcome Variable 

Independent Variables 

Concern 
about 

arsenic 

Likelihood 
of getting 

sick 

Likelihood 
of getting 

cancer 

Importance 
of taking 

action 
High       ! 1 0.7015*** 

(0.2365) 
0.5896*** 
(0.2114) 

0.6913*** 
(0.2357) 

0.5023** 
(0.2149) 

Low        ! 2 -0.6480*** 
(0.2185) 

-0.4946** 
(0.2359) 

-0.3375 
(0.2357) 

-0.7788*** 
(0.2318) 

Federal   ! 3 -0.4345** 
(0.2047) 

-0.3077 
(0.2359) 

-0.2562 
(0.2038) 

-0.5649*** 
(0.2011) 

NC          ! 4 0.3580* 
(0.2203) 

0.4953** 
(0.2171) 

0.5824*** 
(0.2182) 

0.3061 
(0.2198) 

High x Federal   ! 5 0.3680 
(0.3087) 

0.3086 
(0.2982) 

0.1980 
(0.2986) 

0.7984*** 
(0.3077) 

High x NC          ! 6 -0.0725 
(0.3110) 

-0.2743 
(0.2991) 

-0.4631 
(0.2986) 

-0.0578 
(0.3043) 

Low x Federal    ! 7 0.4325 
(0.3120) 

0.4622 
(0.3112) 

0.2182 
(0.3116) 

0.8000*** 
(0.3043) 

Low x NC           ! 8 -0.3211 
(0.3227) 

-0.3633 
(0.3199) 

-0.5971 
(0.3215) 

-0.0556 
(0.3168) 

Prior Measure of 
Outcome  ! 0 

0.4591*** 
(0.0516) 

0.5601*** 
(0.0527) 

0.7078*** 
(0.0657) 

0.2385*** 
(0.0373) 

p-value for Likelihood Ratio  
�2 test statistic A 0.0000 0.0000 0.0000 0.0000 

n 461 459 461 460 
Quasi R2 0.1450 0.1261 0.1473 0.0994 

Test that threshold 
parameters differ B Yes Yes Yes Yes 

p-value likelihood-ratio test 
of equality of coefficients 

across response categories C 0.0116 E 0.3804 0.2435 0.5407 
 

A  B  C  See Table 3-6.  
E When tested, all explanatory variables in this specification meet the parallel lines assumption except the 
prior measure of concern about arsenic  !0 and NC,  ! 4 . 

 

We need additional post-estimation hypothesis tests to determine if risk 

perception varies within and across treatments. We hypothesize that risk perceptions 

will change, for a given arsenic level, based on how that arsenic level compares to the 

standard seen by the participant.  



 

 75 

Table 3-8: Ordered Probit Post-estimation Hypotheses P-values 
Omitted Categories of Intermediate Arsenic, Both Standards 

Among participants who see the same standard, can we continue to distinguish a difference 
between arsenic levels? 

Among participants with the same arsenic level, do different standards produce a different 
response? 

Outcome 
Variable 

 
Concern 

about 
arsenic 

Likelihood 
of getting 

sick 

Likelihood 
of getting 

cancer 

Importance 
of taking 

action 
Treatment 

group 
p-values for     

Federal 
Standard H0: !1+ !5 = !2 +  !7  = 0 0.000 0.000 0.000 0.000 

NC Standard H0: ! 1+ !6  = !2 + !8 = 0 0.000 0.000 0.000 0.000 

Both Standards H0: !1 = !2 = 0 0.000 0.000 0.000 0.000 

High Arsenic H0 :  ! 3+  ! 5 = ! 4 +  ! 6 = 0 A 0.466 0.690 0.461 

Intermediate 
Arsenic H0 :  ! 3=  ! 4 = 0 B 0.001 0.000 0.000 

Low Arsenic H0:  ! 3+  ! 7 =  ! 4 +  ! 8 = 0 C 0.790 0.977 0.494 

 
A As ! 4  did not meet the parallel lines assumption for concern about arsenic in the previous regressions, we 

must use a partial proportional odds model, which will give us three different estimates of ! 4 . These 
coefficients are from a series of binary logistic regressions, which compare the likelihood of being in 
category 1 versus categories 2, 3, and 4; then categories 1 and 2 versus 3 and 4; and then categories 1, 2, 
and 3 versus 4, as concern about arsenic has four levels.  

 Using these individual coefficients gives us different hypothesis tests for different categories. The three p-
values for high arsenic are 0.013, 0.056 and 0.766. This suggests there may be a difference in concern about 
arsenic by standard show for participants for participants at higher levels of risk perception. However, 
this result is not supported by the other measures of risk perception.  

B Even though there are differences in ! 4  the three p-values for intermediate arsenic of 0.000, 0.002 and 0.109, 
suggests that there is a difference in concern about arsenic by standard among these participants. This is 
also supported by the other risk perception measures. 

C The results for low arsenic indicate that there is not a significant difference by standard among low arsenic 
participants. The three p-values for low arsenic are 0.707, 0.821 and 0.109. 

 

The top section of Table 3-8 gives the p-values for a test of the null hypothesis 

that conditional on observing a particular standard, risk perception does not vary across 

the three levels of arsenic. We reject this null hypothesis and find that risk perception 
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does vary by arsenic level among the respondents given the same standard. Among 

participants who see both standards, those with high arsenic are more likely to be in the 

highest category of concern than those assigned to intermediate arsenic, who are more 

concerned than those assigned to low arsenic (! 1 > 0 >  ! 2). The same relationship holds 

for participants who see only the NC recommendation, that is, those with high arsenic 

are more concerned than those with intermediate arsenic, and those with low arsenic are 

the least concerned (!1 + !4 + !6 > !4 > !2 + !4 + !8 or, more simply, !1 + !6 > 0 > !2 + !8). For 

participants shown the federal standard, those high arsenic (!1 + !3 + !5 ) are more likely to 

be in the highest category of concern than those assigned to intermediate and low 

arsenic (which are indistinguishable, !2 + !7  = 0). These results confirm our hypothesis that 

the higher levels of arsenic produce more concern in the presence of bright line 

guidance.  

Next, we need to determine whether we can distinguish a difference in risk 

perception between the different standards. We do this by testing for differences in 

perception among respondents who saw different standards, conditional on having the 

same level of arsenic. The bottom half of Table 3-8 gives the p-values for test of the 

hypotheses that for participants with the same level of arsenic, risk perception does not 

vary across the standard(s) shown. Participants assigned to intermediate arsenic are the 

only treatment group where we can statistically distinguish the effects of the different 

standards (as tested in the hypothesis  !3 = !4 = 0). Participants with intermediate arsenic are 

more likely to be a the highest level of risk perception when they see the NC 

recommendation (!4,), and participants with intermediate arsenic who only see the 

federal standard (!3) are more likely to be a the lowest level of risk perception. This 
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result is intuitive because households with low arsenic levels are below both the NC 

recommendation and federal standard while households with high arsenic are above 

both standards. Only households with intermediate arsenic levels gain differential 

information about the riskiness of their arsenic consumption from viewing the 

competing government standards/recommendations. 

Moving beyond the coefficients, Figure 3-4, Figure 3-5, and Table 3-7B show the 

distribution of risk perception by using the predicted probabilities of being at each level 

of risk perception by standard shown.9 As risk perception only differs by standard for 

those assigned to intermediate arsenic, we will focus on these results. Compared to 

seeing both standards, participants who see only the federal standard are 9 to 21 percent 

more likely to be in the two lowest categories of risk perception. Compared to seeing 

both standards, participants who see only the North Carolina standard are between 9 to 

11 percent more likely to be in the two highest categories of risk perception. These 

results are consistent with the bright lines hypothesis. Households do appear to be 

basing risk on a judgment of where their arsenic is relative to the standard. If you are 

above the standard, regardless of by how much, you are equally concerned. Similarly, if 

you are below the standards, regardless of by how much, you are equally unconcerned. 

Among households that are above one standard and below another, we see the 

households adjust risk perceptions based on which standard was observed. 
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Figure 3-4: Distribution of Concern about Arsenic by Bright Line  
Intermediate Arsenic Level Only 

 
 
 

 
Figure 3-5: Distribution of Risk Perception by Bright Line 
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Table 3-7B: Predicted Probabilities of Risk Measures based on Treatment Category 
   Predicted probabilities of outcomes 

Risk 
measure 

Arsenic Level Standard 1 2 3 4 5 

High Federal 
 

0.2871 
[0.1898,0.3843] 

0.4329 
[0.3793,0.4865] 

0.1808 
[0.1581,0.2034] 

0.0992 
[0.0469,0.1516] 

n/a 

 NC 0.0878 
[0.0328,0.1428] 

0.3292 
[0.2670,0.3913] 

0.2722 
[0.2264,0.3180] 

0.3109 
[0.1952,0.4265] 

n/a 

 Both 0.1595 
[0.0841,0.2349] 

0.3994 
[0.2438,0.4623] 

0.2438 
[0.2078,0.2798] 

0.1973 
[0.1120,0.2825] 

n/a 

Intermediate Federal 
 

0.2871 
[0.1898,0.3843] 

0.4329 
[0.3793,0.4865] 

0.1808 
[0.1581,0.2034] 

0.0992 
[0.0469,0.156] 

n/a 

 NC 0.0878 
[0.0328,0.1428] 

0.3292 
[0.2670,0.3913] 

0.2722 
[0.2264,0.3180] 

0.3109 
[0.1952,0.4265] 

n/a 

 Both 0.1595 
[0.0841,0.2349] 

0.3994 
[0.3366,0.4623] 

0.2438 
[0.2078,0.2798] 

0.1973 
[0.1120,0.2825] 

n/a 

Low Federal 
 

0.5343 
[0.3203,0.7483] 

0.3565 
[0.3267,0.3863] 

0.0826 
[0.0747,0.0906] 

0.0266 
[-0.0079,0.0610] 

n/a 

 NC 0.2399 
[0.0633,0.4165] 

0.4295 
[0.3718,0.4872] 

0.2037 
[0.1768,0.2307] 

0.1269 
[0.0079,0.2458] 

n/a 

Concern 

 Both 0.3638 
[0.2270,0.5005] 

0.4233 
[0.3771,0.4696] 

0.1460 
[0.1292,0.0172] 

0.0669 
[0.0172,0.1165] 

n/a 

High Federal 
 

0.2753 
[0.1787,0.3719] 

0.4584 
[0.4058,0.5109] 

0.2121 
[0.1952,0.2291] 

0.0377 
[0.0314,0.0439] 

0.0166 
[0.0029, 0.0303 

 NC 0.0808 
[0.0301,0.1314] 

0.3481 
[0.2853,0.4110] 

0.3598 
[0.3153,0.4044] 

0.1190 
[0.0939,0.1441] 

0.0923 
[0.0351,0.1495] 

 Both 0.1828 
[0.1021,0.2636] 

0.4412 
[0.3805,0.5020] 

0.2787 
[0.2522,0.3052] 

0.0631 
[0.0515,0.0764] 

0.0342 
[0.0090,0.0595] 

Intermediate Federal 
 

0.2753 
[0.1787,0.3719] 

0.4584 
[0.4058,0.5109] 

0.2121 
[0.1952,0.2291] 

0.0377 
[0.0314,0.0439] 

0.0166 
[0.0029,0.0303] 

 NC 0.0808 
[0.0301,0.1314] 

0.3481 
[0.2853,0.4044] 

0.3598 
[0.3153,0.4044] 

0.1190 
[0.0939,0.1441] 

0.0923 
[0.0351,0.1495] 

 Both 0.1828 
[0.1021,0.2636] 

0.4412 
[0.3805,0.5020] 

0.2787 
[0.2522,0.3052] 

0.0631 
[0.0515,0.0746] 

0.0324 
[0.0090, 0.0595] 

Low Federal 
 

0.4593 
[0.2447,0.6739] 

0.4091 
[0.3749,0.4432] 

0.1138 
[0.1070,0.1206] 

0.0135 
[0.0116,0.0155] 

0.0043 
[-0.0030, 0.0117] 

 NC 0.1826 
[0.0328,0.3325] 

0.4411 
[0.3804,0.5019] 

0.2788 
[0.2523,0.3053] 

0.0631 
[0.0516,0.0746] 

0.0343 
[-0.0099, 0.0784] 

Sick 

 Both 0.3409 
[0.2066,0.4752] 

0.4503 
[0.4044,0.4963] 

0.1722 
[0.1598,0.1845] 

0.0263 
[0.0222,0.0305] 

0.0103 
[-0.0008, 0.0213] 

High Federal 0.2643 
[0.1700,0.3586] 

0.4688 
[0.4147,0.5228] 

0.2212 
[0.2056,0.2368] 

0.0346 
[0.0296,0.0397] 

0.0111 
[0.0011,0.0210] 

 NC 0.0710 
[0.0245,0.1174] 

0.3434 
[0.2793,0.4074] 

0.3879 
[0.3427,0.4331] 

0.1242 
[0.1000,0.1484] 

0.0736 
[0.0238,0.1234] 

 Both 0.1877 
[0.1050,0.2705] 

0.4551 
[0.3938,0.5164] 

0.2811 
[0.2579,0.3044] 

0.0550 
[0.0462,0.0638] 

0.0211 
[0.0035,0.0386] 

Intermediate Federal 0.2643 
[0.1700,0.3586] 

0.4688 
[0.4147,0.5228] 

0.2212 
[0.2056,0.2368] 

0.0346 
[0.0296,0.0397] 

0.0111 
[0.0011,0.0210] 

 NC 0.0710 
[0.0245,0.1174] 

0.3434 
[0.2793,0.4074] 

0.3879 
[0.3427,0.4331] 

0.1242 
[0.1000,0.1484] 

0.0736 
[0.0238,0.1234] 

 Both 0.1877 
[0.1050,0.2705] 

0.4551 
[0.3938,0.5164] 

0.2811 
[0.2579,0.3044] 

0.0550 
[0.0462,0.0638] 

0.0211 
[0.0035,0.0386] 

Low Federal 0.3849 
[0.1783,0.5915] 

0.4465 
[0.4051,0.4878] 

0.1472 
[0.1389,0.1555] 

0.0171 
[0.0149,0.0193] 

0.0043 
[-0.0080,0.0117] 

 NC 0.1290 
[0.0092,0.2488] 

0.4192 
[0.3541,0.4843] 

0.3342 
[0.3022,0.3663] 

0.0806 
[0.0666,0.0946] 

0.0370 
[-0.0104,0.0843] 

Cancer 

 Both 0.2916 
[0.1645,0.4177] 

0.4675 
[0.4163,0.5187] 

0.2025 
[0.1889,0.2160] 

0.0295 
[0.0253,0.0337] 

0.0089 
[-0.0010,0.0188] 
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3.4.3 Relative Risk Information 

Our third treatment informs participants of how their level of arsenic compared 

to the level in their neighborhood. We hypothesize that risk perception is a function of 

the level of arsenic, bright lines and this information on relative risk. We further 

hypothesize that the relative risk might affect participants differently for different levels 

of arsenic and bright line seen. Participants with levels of arsenic above the bright line 

may respond differently to learning their arsenic is much higher than their neighbors 

than participants whose arsenic is at a different level and/or below a bright line. To test 

this, we include interactions between arsenic level, bright lines and relative risk 

information, which allows for the effect of the relative risk information to differ across 

arsenic levels and bright lines.  

Y3 is an ordinal variable for one of the four measures of participant's concern 

about arsenic in their well water measured after they learn about how their arsenic 

   Predicted probabilities of outcomes 
Risk 

measure 
Arsenic Level Standard 1 2 3 4 5 

High Federal 
 

0.2510 
[0.1608,0.3412] 

0.2536 
[0.1996,0.3076] 

0.1167 
[0.0842,0.1492] 

0.2490 
[0.2217,0.2762] 

0.1297 
[0.0688,0.1907] 

 NC 0.0615 
[0.0191,0.1038] 

0.1335 
[0.0962,0.1709] 

0.0920 
[0.0629,0.1211] 

0.3142 
[0.2644,0.3641] 

0.3988 
[0.2728,0.5247] 

 Both 0.1082 
[0.0502,0.1661] 

0.1818 
[0.1355,0.2282] 

0.1090 
[0.0760,0.1420] 

0.3142 
[0.2702,0.3582] 

0.2868 
[0.1851,0.3885] 

Intermediate Federal 
 

0.2510 
[0.1608,0.3412] 

0.2536 
[0.1996,0.3076] 

0.1167 
[0.0842,0.1492] 

0.2490 
[0.2217,0.2762] 

0.1297 
[0.0688,0.1907] 

 NC 0.0615 
[0.0191,0.1038] 

0.1335 
[0.0962,0.1709] 

0.0920 
[0.0629,0.1211] 

0.3142 
[0.2644,0.3641] 

0.3988 
[0.2778,0.5247] 

 Both 0.1082 
[0.0502,0.1661] 

0.1818 
[0.1355,0.2282] 

0.1090 
[0.0760,0.1420] 

0.3142 
[0.2702,0.3582] 

0.2868 
[0.1851,0.3885] 

Low Federal 
 

0.5427 
[0.3331,0.7524] 

0.2426 
[0.2030,0.2821] 

0.0763 
[0.0575,0.0952] 

0.1101 
[0.1017,0.1184] 

0.0283 
[-0.0072,0.0638] 

 NC 0.2225 
[0.0551,0.3900] 

0.2453 
[0.1914,0.2991] 

0.1179 
[0.0847,0.1512] 

0.2640 
[0.2338,0.2941] 

0.1503 
[0.0188,0.2817] 

Action 

 Both 0.3236 
[0.1954,0.4518] 

0.2655 
[0.2128,0.3182] 

0.1103 
[0.0806,0.1400] 

0.2107 
[0.1897,0.2316] 

0.0899 
[0.0301,0.1497] 
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levels compares to the arsenic level of their neighbors. Then the equation to be estimated 

is: 

Y3 =  !0 * Y0 +  !1 * Arsenic_High +  !2 * Arsenic_Low +   !3 * Standard_Fed+   !4 * Standard_NC  
 +  !5 * Arsenic_High * Standard_Fed+  !6 * Arsenic_High * Standard_NC  
 +  !7* Arsenic_Low * Standard_Fed+  !8* Arsenic_Low * Standard_NC 
 +  !9 * Relative_SigHigh +  !10 * Relative_SlightHigh  
 +  !11 * Relative_SlightLow +  !12 * Relative_SigLow +  !13 * Arsenic_High * Relative_SigHigh  
 +   !14 * Arsenic_High * Relative_SlightHigh+  !15 * Arsenic_High * Relative_SlightLow  
 +  !16 *  Arsenic_High * Relative_SigLow +  !17* Arsenic_Low * Relative_SigHigh  
 +   !18 * Arsenic_Low * Relative_SlightHigh+  !19 *  Arsenic_Low * Relative_SlightLow  
 +  !20* Arsenic_Low * Relative_SigLow +  !21 * Standard_Fed * Relative_SigHigh  
 +   !22 * Standard_Fed * Relative_SlightHigh+  !23* Standard_Fed * Relative_SlightLow  
 +  !24 * Standard_Fed * Relative_SigLow +  !25* Standard_NC * Relative_SigHigh  
 +   !26 * Standard_NC * Relative_SlightHigh+  !27* Standard_NC * Relative_SlightLow  
 +  !28* Standard_NC * Relative_SigLow 
 +  !29 * Arsenic_High * Standard_Fed * Relative_SigHigh  
 +   !30 * Arsenic_High * Standard_Fed * Relative_SlightHigh 
 +  !31* Arsenic_High * Standard_Fed * Relative_SlightLow  
 +  !32 * Arsenic_High * Standard_Fed * Relative_SigLow  
 +  !33* Arsenic_High * Standard_NC * Relative_SigHigh  
 +   !34* Arsenic_High * Standard_NC * Relative_SlightHigh 
 +  !35* Arsenic_High * Standard_NC * Relative_SlightLow  
 +  !36* Arsenic_High * Standard_NC * Relative_SigLow 
 +  !37 * Arsenic_Low * Standard_Fed * Relative_SigHigh  
 +   !38 * Arsenic_ Low * Standard_Fed * Relative_SlightHigh 
 +  !39 * Arsenic_ Low * Standard_Fed * Relative_SlightLow  
 +  !40  * Arsenic_ Low * Standard_Fed * Relative_SigLow  
 +  !41 * Arsenic_ Low * Standard_NC * Relative_SigHigh  
 +   !42 * Arsenic_ Low * Standard_NC * Relative_SlightHigh 
 +  !43 * Arsenic_ Low * Standard_NC * Relative_SlightLow  
 +  !44* Arsenic_ Low * Standard_NC * Relative_SigLow + �  (3-4) 

 

where Arsenic_High, Arsenic_Low, Standard_Fed, and Standard_NC are as 

previously defined. Relative_SigHigh is a binary variable that equals one for participants 

who are informed their level of arsenic is significantly higher than their neighbors and 

zero for everyone else. Relative_SlightHigh is a binary variable that equals one for 

participants who are informed their level of arsenic is slightly higher than their 
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neighbors and zero for everyone else. Relative_SlightLow is a binary variable that equals 

one for participants who are informed their level of arsenic is slightly lower than their 

neighbors and zero for everyone else. Relative_SigLow is a binary variable that equals one 

for participants who are informed their level of arsenic is significantly lower than their 

neighbors and zero for everyone else.  

Estimation of equation 3-4 using an ordered logit and probit models fails because 

the model violates the proportional odds assumption. However, we know from the 

previous section that the effect of our bright lines is only statistically distinguishable for 

participants with intermediate levels of arsenic. If we remove the interactions between 

high arsenic and the bright lines, and low arsenic and bright lines, we get the following 

model which can be successfully estimated: 

Y3 =  !0 * Y0 +  !1 * Arsenic_High +  !2 * Arsenic_Low +   !3 * Standard_Fed+   !4 * Standard_NC  

 +  !9 * Relative_SigHigh +  !10 * Relative_SlightHigh  

 +  !11 * Relative_SlightLow +  !12 * Relative_SigLow  

 +  !13 * Arsenic_High * Relative_SigHigh +   !14 * Arsenic_High * Relative_SlightHigh 

 +  !15 * Arsenic_High * Relative_SlightLow +  !16 *  Arsenic_High * Relative_SigLow 

 +  !17* Arsenic_Low * Relative_SigHigh +   !18 * Arsenic_Low * Relative_SlightHigh 

 +  !19 *  Arsenic_Low * Relative_SlightLow +  !20* Arsenic_Low * Relative_SigLow  

 +  !21 * Standard_Fed * Relative_SigHigh +   !22 * Standard_Fed * Relative_SlightHigh 

 +  !23* Standard_Fed * Relative_SlightLow +  !24 * Standard_Fed * Relative_SigLow  

 +  !25* Standard_NC * Relative_SigHigh +   !26 * Standard_NC * Relative_SlightHigh 

 +  !27* Standard_NC * Relative_SlightLow +  !28* Standard_NC * Relative_SigLow + "    (3-5) 
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Table 3-9: Ordered Probit Results  
Omitted Category of Intermediate Arsenic, Both Standards, Relative Risk About the Same 

Outcome Variable 
Independent Variables 

Concern about 
arsenic 

Likelihood of 
getting sick 

Likelihood of 
getting cancer 

Importance of 
taking action 

 ! 1 
.9070***  
(0.2669) 

0.8402*** 
(-0.2584) 

0.6521*** 
(0.2561) 

0.4509* 
(0.2606) 

 ! 2 
-0.3019 
(0.2904) 

-0.1046  
(-0.2871) 

-0.2896 
(0.289) 

-0.3007 
 (0.2863) 

 ! 3 
0.2085  

(0.2745) 
-0.0472  

(-0.2745) 
-0.2356  
(0.2735) 

-0.0093 
 (0.268) 

 ! 4 
0.6208** 
(0.2869) 

0.4666  
(-0.2795) 

0.5343* 
(0.2762) 

0.7446 
 (0.2842) 

 ! 9 

1.2611***  
(0.3542) 

0.7062** 
(-0.3438) 

0.6885** 
(0.3409) 

0.7100** 
(0.3468) 

 ! 10 
0.2098  

(0.3606) 
0.5466  

(-0.3563) 
0.2554  

(0.3569) 
0.1693  

(0.3551) 

 ! 11 
0.2081 

(0.3617) 
-0.2228  

(-0.3636) 
-0.2141  
(0.3605) 

-0.0623  
(0.355) 

 ! 12 
0.3862 

(0.3729) 
0.5663  

(-0.3667) 
0.5636  

(0.3726) 
0.3233  

(0.3682) 

 ! 13 
-0.6966* 
(0.3936) 

-0.4378  
(-0.3764) 

-0.3887  
(0.3705) 

-0.1711  
(0.3869) 

 ! 14 
 -0.0777 
(0.4013)  

-0.2373  
(-0.3908) 

0.0048  
(0.3893) 

0.1276  
(0.3948) 

 ! 15 
-0.2037 
(0.4133) 

0.1487  
(-0.3984) 

0.0763  
(0.3966) 

0.1943  
(0.4034) 

 ! 16 

-0.0242 
(0.3950)  

-0.4786  
(-0.3803) 

-0.367  
(0.3841) 

0.4179  
(0.3906) 

 ! 17 
 -0.5252 
(0.4183) 

-0.4695  
(-0.4065) 

-0.3469  
(0.4043) 

-0.0906  
(0.4107) 

 ! 18 
0.2744 

(0.3979)  
-0.1302  

(-0.3946) 
-0.0069  
(0.3953) 

-0.2246  
(0.3923) 

 ! 19 

 -0.1586 
(0.4053) 

-0.0682  
(-0.4097) 

0.1726  
(0.4104) 

-0.2456  
(0.3975) 

 ! 20 
-0.0706 
(0.4108) 

-0.5274  
(-0.4091) 

-0.341  
(0.4122) 

-0.1958  
(0.4064) 

 ! 21 
-0.1813 
(0.4116) 

0.387  
(-0.4008) 

0.4360  
(0.3957) 

0.1629  
(0.4036) 

 ! 22 
-0.1822 
(0.4046) 

-0.0489  
(-0.3991) 

0.3976  
(0.4011) 

-0.0490  
(0.3935) 

 ! 23 
 -0.0799 
(0.4092)  

0.0186  
(-0.4106) 

-0.0117  
(0.4103) 

0.0437  
(0.4009) 

 ! 24 
-0.4470 
(0.3983)  

-0.4194  
(-0.3911) 

-0.3384  
(0.3932) 

-0.5323  
(0.3909) 

 ! 25 
-0.2392 
(0.4054)    

0.1502  
(-0.3904) 

-0.0447  
(0.3861) 

-0.5127  
(0.4018) 

 ! 26 
 -0.4190 
(0.4048)  

-0.6215  
(-0.3963) 

-0.5234  
(0.3945) 

-0.4552  
(0.3998) 

 ! 27 
-0.3356 
(0.4231) 

-0.1369  
(-0.4216) 

-0.1962  
(0.4152) 

-0.5486  
(0.4192) 

 ! 28 
-0.7058 
(0.4098) 

-0.6144  
(-0.398) 

-0.7632* 
(0.4000) 

-0.9448**  
(0.4107) 

Prior Measure of Outcome  
 ! 0 

.4817*** 
 (0.0537)  

0.6042*** 
(-0.0592) 

0.6752*** 
(0.0658) 

0.2516***  
(0.0376) 
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Concern about 

arsenic 
Likelihood of 
getting sick 

Likelihood of 
getting cancer 

Importance of 
taking action 

p-value for LR �2 test 
statistic A 0.0000 0.0000 0.0000 0.0000 

n 458 456 458 459 
Quasi R2 0.1434 0.1492 0.1481 0.1017 

Test threshold parameters 
differ B Yes Yes Yes Yes 

p-value test equality of 
coefs. across response 

categories C 0.109 0.1475 0.1096 0.8540 
 

Table 3-9 reports the ordered probit results for the effect of the standards and arsenic 

level on risk perception.11 As before, we need additional post-estimation hypothesis tests 

to determine if risk perception varies within previous treatments. Table 3-10 presents the 

p-values for the null hypothesis that relative risk does not impact risk perception, 

conditional on arsenic level and, for those with intermediate arsenic, also conditional on 

the standard shown. For participants assigned to high arsenic or for participants 

assigned to low arsenic (first row and last row of Table 3-10), we fail to reject the null. 

For participants with intermediate arsenic, we reject the null hypothesis and find that 

risk perception differs by relative risk information given. This is true for respondents 

with intermediate arsenic across all bright line treatments.  

                                                        
11 Due number of comparisons required, we do not present predicted probabilities of being at different 
levels of our risk perception measures for the different arsenic levels, standards, and relative risk 
information, but these are available upon request to the authors. 
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Table 3-10: P-values for Hypothesis Testing 
Among participants previously assigned to the same treatments, does relative risk information 

affect risk perception?  
Outcome Variable Concern 

about 
arsenic 

Likelihood 
of getting 

sick 

Likelihood 
of getting 

cancer 

Importance 
of taking 

action 

 

Arsenic 
Level 

Standard 
   

 Null 
hypothesis 

High Pooled all 0.5226 0.8236 0.7719 0.2636  
H0: (! 9 +  ! 13 )=( ! 10+  ! 14 )=  
( ! 11+  ! 15)= ( ! 12+  ! 16) = 0     

Fail to 
reject 

Intermediate Federal 0.0211 0.0063 0.0019 0.0481  

H0: (! 9 +  ! 21 )=( ! 10+  ! 22 )=  
( ! 11+  ! 23)= ( ! 12+  ! 24 ) = 0     

Reject the 
null at 5% 

Intermediate NC 0.0032 0.0134 0.0314 0.1145  
H0: (! 9 +  ! 25 )=( ! 10+  ! 26 )= 
 ( ! 11+  ! 27 )= ( ! 12+  ! 28) = 0     

Mixed 
results 

Intermediate Both 0.0038 0.0409 0.0677 0.1891  

H0 :  ! 9 =  ! 10 =  ! 11=  ! 12= 0     

Mixed 
Results 

Low Pooled all 0.3331 0.4899 0.8486 0.2327  

H0: (! 9 +  ! 17 )=(! 10+  ! 18 )=  
( ! 11+  ! 19)= ( ! 12+  ! 20) = 0     

Fail to 
reject 

 

 Table 3-11 presents the coefficient estimates for participants assigned to 

intermediate arsenic, in comparison to participants assigned to intermediate arsenic, 

who see both standards and are told their arsenic level is about the same as their 

neighbors. In general, these coefficients are similar in magnitude and do not differ from 

zero (or the omitted category).12 The only relative risk treatment that consistently 

                                                        
12 The exception to this participants assigned to intermediate arsenic, the North Carolina recommendation, 
and relative risk about the same, but remember this is in comparison to intermediate arsenic, both 
standards, and relative risk about the same—it makes sense that these participants are more concerned as 
they only see the one bright line, which they exceed. 
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produces changes in risk perception is learning that one’s arsenic is significantly higher 

than the one’s neighbors’ arsenic.  

Table 3-11: Coefficient estimates for Relative Risk treatment 
Omitted Category of Intermediate Arsenic, Both Standards, Relative Risk About the Same 

Outcome 
Variable 

  Concern 
about 

arsenic 

Likelihood 
of getting 

sick 

Likelihood 
of getting 

cancer 

Importance 
of taking 

action 
Arsenic 
Level 

Standard Relative Risk     

Intermediate Federal Significantly Higher  
( ! 3 +  ! 9 +  ! 21) 

1.2882*** 
(0.3852) 

1.0460*** 
(0.3771) 

0.8889* 
(0.3675) 

0.8635** 
(0.3753) 

  Slightly Higher  
( ! 3 +  ! 10 +  ! 22) 

0.2360 
(0.3553) 

0.4506 
(0.3540) 

0.4174 
(0.3528) 

0.1110 
(0.35036) 

  About the same  
( ! 3 ) 

0.2085  
(0.2745) 

-0.0472  
(-0.2745) 

-0.2356  
(0.2735) 

-0.0093 
 (0.268) 

  Slightly Lower  
( ! 3 +  ! 11 +  ! 23) 

0.3366 
(0.3546) 

-0.0251 
(0.3538) 

-0.4614 
(0.3534) 

-0.0028 
(0.34326) 

  Significantly Lower  
( ! 3 +  ! 12 +  ! 24) 

0.1746 
(0.3421) 

0.0997 
(0.3391) 

-.0010 
(0.3392) 

-0.0218 
(0.3377) 

Intermediate NC Significantly Higher  
( ! 4 +  ! 9 +  ! 25) 

1.6427*** 
(0.3705) 

1.3229*** 
(0.3558) 

1.1780*** 
(0.3513) 

0.9419*** 
(0.3610) 

  Slightly Higher  
( ! 4 +  ! 10 +  ! 26) 

0.4116 
(0.3643) 

0.3917 
(0.3611) 

0.2663 
(0.3537) 

0.4587 
(0.3563) 

  About the same ( ! 4 ) 0.6208** 
(0.2869) 

0.4666  
(-0.2795) 

0.5343* 
(0.2762) 

0.7446 
 (0.2842) 

  Slightly Lower  
( ! 4 +  ! 11+  ! 27) 

0.4933 
(0.3623) 

0.1069 
(0.3656) 

0.1239 
(0.3582) 

0.1337 
(0.3538) 

  Significantly Lower  
( ! 4 +  ! 12 +  ! 28) 

0.3012 
(0.3801) 

0.4184 
(0.3748) 

0.3347 
(0.3764) 

0.123 
(0.3765) 

Intermediate Both Significantly Higher 
 ( ! 9) 

1.2611***  
(0.3542) 

0.7062** 
(-0.3438) 

0.6885** 
(0.3409) 

0.7100** 
(0.3468) 

  Slightly Higher  
( ! 10) 

0.2098  
(0.3606) 

0.5466  
(-0.3563) 

0.2554  
(0.3569) 

0.1693  
(0.3551) 

  Slightly Lower  
( ! 11) 

0.2081 
(0.3617) 

-0.2228  
(-0.3636) 

-0.2141  
(0.3605) 

-0.0623  
(0.355) 

  Significantly Lower  
( ! 12) 

0.3862 
(0.3729) 

0.5663  
(-0.3667) 

0.5636  
(0.3726) 

0.3233  
(0.3682) 

 

Moving beyond the coefficients, Table 3-9B shows distribution of risk perception by 

using the predicted probabilities of being at each level of risk perception for participants 

who have intermediate arsenic and are told their arsenic is significantly higher than their 

neighbors, as risk perception only differs by relative risk for participants assigned to 

intermediate arsenic.9 Compared to being told your arsenic is about the same as your 
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neighbors, participants who have seen the federal standard and are told their arsenic is 

significantly higher than their neighbors are 23 to 28 percent more likely to be in the two 

highest categories of risk perception. Compared to being told your arsenic is about the 

same as your neighbors, participants who have seen the North Carolina 

recommendation and are told their arsenic is significantly higher than their neighbors 

are 16 to 24 percent more likely to be in the two highest categories of risk perception. 

Compared to being told your arsenic is about the same as your neighbors, participants 

who have seen the both standards and are told their arsenic is significantly higher than 

their neighbors are 16 to 34 percent more likely to be in the two highest categories of risk 

perception. In summary, the only group of respondents who are impacted by relative 

risk information are those with an intermediate level of arsenic who are told their 

arsenic is significantly higher than their neighbors’ arsenic, and this significantly 

impacts their perceived risk.  

Table 3-9B: Predicted Probabilities of Risk Measures for Intermediate Arsenic 
Difference between predicted probabilities of Significantly Higher and About the Same 
  Difference between predicted probabilities of Significantly Higher and About the Same 

Risk 
measure 

Standard 1 2 3 4 5 

Federal 
 

-0.0654 
[-0.1196,-0.0113] 

-0.2138 
[-0.2375,-0.1900] 

-0.0309 
[-0.0399,-0.0218] 

0.3101 
[0.0677,0.5525] 

n/a 

NC -0.0382 
[-0.0762,-0.0003] 

-0.1868 
[-0.2153,-0.1583] 

-0.0745 
[-0.0753,-0.0737] 

0.2996 
[0.0615,0.5376] 

n/a 

Concern 

Both -0.0881 
[-0.1153,-0.0609] 

-0.2535 
[-0.2791,-0.2279] 

-0.0238 
[-0.0365,-0.0111] 

0.3654 
[0.1534,0.5773] 

n/a 

Federal 
 

-0.1015 
[-0.1748,-0.0283] 

-0.2405 
[-0.2554,-0.2256] 

0.0517 
[0.0252,0.0781] 

0.1264 
[0.0945,0.1582] 

0.1640 
[-0.0009,0.3290] 

NC -0.0511 
[-0.1006,-0.0016] 

-0.1900 
[-0.2102,-0.1699] 

-0.0079 
[-0.0231,0.0072] 

0.0902 
[0.0641,0.1163] 

0.1589 
[-0.0125,0.3304] 

Sick 

Both 0.0748 
[-0.1221,-0.0275] 

-0.1428 
[-0.1471,-0.1384] 

0.0573 
[0.0385,0.0761] 

0.0799 
[0.0617,0.0981] 

0.0804 
[-0.0291,0.1899] 

Federal -0.1359 
[-0.2258,-0.0460] 

-0.2257 
[-0.2323,-0.2191] 

0.1096 
[0.0765,0.1428] 

0.1367 
[0.1064,0.1671] 

0.1152 
[-0.0088,0.2393] 

Cancer 

NC -0.0449 
[-0.0987,0.0089] 

-0.1374 
[-0.1495,-0.1254] 

0.0181[0.0025,0.03
37] 

0.0773 
[0.0575,0.0972] 

0.0869 
[-0.0403,0.2141] 

Action Federal -0.0789 
[-0.1458,-0.0121] 

-0.0962 
[-0.1183,-0.0741] 

-0.0532 
[-0.0660,-0.0405] 

-0.0425 
[-0.0498,-0.0352] 

0.2709 
[0.0315,0.5103] 
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3.4.4 Validity Checks 

A key requirement for the validity of our survey findings is that respondents 

understood and correctly interpreted the information that was given to them. The 

survey contained several post-experimental questions to help us assess participant 

understanding. After completing the experiment, more than eighty percent of our 

participants report they feel somewhat to very confident in their ability to assess the 

danger (or lack thereof) presented by arsenic in their drinking water. In addition, 

participants retained information on arsenic contamination and health risks that was 

presented during the experiment. After the experiment, almost ninety-four percent of 

participants know that arsenic caused cancer, and at least seventy-five percent could 

correctly identify which types of water treatments remove arsenic. We feel confident 

that respondents were able to understand the information presented to them throughout 

the course of the experiment.  

We also including questions to determine whether participants were correctly 

able to recall the information we gave them on their arsenic level, drinking water 

standards, and relative risk. Almost eight-five percent of participants are able to 

correctly recall that they their arsenic was greater or lower than the federal standard, 

and nearly eighty-four percent are able to correctly recall that they their arsenic was 

greater or lower than the North Carolina standard. Seventy-nine percent of respondents 

correctly identify how their arsenic level compared to the arsenic of their neighbors. 

Eighty-five percent of participants who are able to correctly recall how their arsenic 

compared to the standard were assigned to high or low arsenic. Additionally, of 

participants who failed to correctly identify how their arsenic related to the standard, 
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seventy-three percent of these participants were assigned to intermediate arsenic. A Chi-

squared test indicates these differences in recall by arsenic level were statistically 

significant. There were no discernable differences in which participants failed to 

remember how their arsenic level compared to the arsenic of their neighbors. Excluding 

participants with poor recall slightly improves p-values and changes point estimates, 

but signs and magnitude of the point estimates are similar (these results are not 

presented). Additionally, we reach the same conclusions with respect to our hypotheses.  

3.5 Conclusions and Discussion 

This experiment tests whether arsenic level, framed health risk information, 

bright lines and relative risk information would influence risk perception of participants. 

We find that arsenic level does influence risk perception. The confirmation of our first 

hypothesis is important as it indicates our experimental instrument does impact 

perceptions of our participants in the way we expected. Higher levels of arsenic lead to 

higher levels of concern, as predicted by a rational choice model. We did not find an 

effect of information framing. This result contradicts other papers in the literature that 

have found significant differences in response to non-environmental risks by risk 

framing (Kahneman and Tversky 1974, Kahneman and Tversky 1979, Viscusi and Magat 

1987, Levin et al. 1988, Levin and Chapman 1990, Kühberger et al. 1999, Ariely et al. 

2003, Thaler and Sunstein 2008, Banks et al. 1995, Rothman and Salovey 1997, Detweiler 

at al. 1999, Schneider et al. 2001, Salovey and Williams-Piehota 2004; Rivers et al. 2005).  

Our last two treatments do impact risk perception for participants with 

intermediate levels of arsenic. Exposure to different standards also produces differences 

in risk perception, but these differences are not statistically significant for participants 
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with very high or very low arsenic levels. Participants with intermediate levels of arsenic 

who learn they are above the North Carolina standard are most concerned, participants 

who learn they are between the federal EPA standard and the North Carolina standard 

are less concerned, and participants who learn they are below the federal EPA standard 

are the least concerned. Relative risk information can influence risk perception, and we 

find being told that one’s level of arsenic is significantly higher than one’s neighbors 

results in higher levels of risk perception for participants assigned to an intermediate 

level of arsenic. Critically, this result holds for participants who know their level of 

arsenic, 1 ppb, is significantly lower than the federal EPA standard of 10 ppb.  

Participants at high and low levels of arsenic understand that they are facing 

correspondingly high or low levels of risk. Information on standards and relative risk 

did not alter their risk perception. The results on relative risk support a rational choice 

model, as these participants were able to understand the risk they faced and additional 

information did not unnecessarily heighten their perceptions of risk. We cannot draw 

any conclusions regarding information on the standards for participants with high and 

low arsenic. Their lack of reaction is not inconsistent with a bright lines hypothesis—that 

is, participants could use the standards as a way to process their information, but 

because high arsenic participants are above (and low arsenic participants are below) all 

of the standards, we observe no change in risk perception. At intermediate levels of 

arsenic, it is unclear how much risk participants face. These participants can be 

significantly swayed by additional information. This suggests the existence of sensitive 

levels of risk where people can be influenced by information.  
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Further analysis of the individual response to information disclosure is an 

important, continuing area of research. The nature of the risk posed by arsenic in 

drinking water is latent and long-term. In the Detweiler et al. sunscreen example, 

preventing exposure to damaging radiation decreases risks of skin cancer, a long-term 

problem, but also decreases the risk of sunburn, a short-term problem. Prevention of 

arsenic exposure does not boast any short-term benefits. The irrelevance of information 

framing in our results may be due to the nature of the risk posed by arsenic, suggesting 

an opportunity for future research directly comparing types of risks and information 

framing.  

Additional research is needed to determine whether information has impacts 

beyond changes in risk perception. A natural and necessary extension to our research is 

needed that examines real rather than hypothetical risks. Additionally, an experimental 

setting that allows participants to take action to reduce their risks (in addition to sharing 

their risk perceptions) would be able assess whether information impacts behavior.  Of 

key interest to the economics literature is whether the manipulations in information 

impact willingness to pay for reductions in risk. If information impacts willingness to 

pay, then it will be necessary to find a way to more accurately determine willingness to 

pay and adjust our estimates of benefits of improving water quality accordingly. The 

research presented here indicates that future work would be best undertaken in a setting 

where participants face moderate risks.  

Our findings have important policy implications for environmental information 

disclosure programs. There is an increasing reliance on information disclosure programs 

in the United States and other parts of the world as an alternative to traditional 
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regulation of drinking water and other environmental risks. Many environmental issues 

pose risks that fall in a range between negligible and lethal. Information disclosure has 

the potential to be a low-cost method of improving environmental quality and reducing 

health risks for vulnerable populations, but only if we understand how information 

provision affects behavior. This research gives us confidence that individuals can 

process and respond to high or low levels of risk appropriately. These results suggest 

careful consideration must be taken in designing the disclosure of moderate levels of 

risk to ensure that information disclosure programs effectively convey health-based 

recommendations. Without these considerations, information disclosure programs may 

unwittingly and unnecessarily heightening concern among people facing moderate 

levels of risk.  
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4 Effectiveness of Information Disclosure: An 
Examination of the TRI 

 Controlling toxic chemicals is one of the most challenging tasks faced by 

environmental regulators due to the range of industries, number of chemicals, and 

variation in toxicity and exposure. These factors can make traditional approaches to 

regulation such as technology standards, performance standards, and market-based 

instruments, such as tradable permit systems, less attractive for toxic chemicals than for 

other pollutants. Information disclosure programs, such as the Toxics Release Inventory 

(TRI) have the potential to serve as innovative alternative regulatory instruments. To be 

considered a viable regulatory tool as opposed to a general policy tool, an information 

disclosure program must result in improvements in environmental performance. In the 

case of the TRI this means decreases in toxic chemical releases, toxicity of releases, and 

other similar measures. This research seeks to determine the degree to which 

information disclosure, in the form of TRI, results in improvements in environmental 

performance. 

 Analysis of the effect of the TRI in reducing releases of toxic chemicals has been 

hindered by the absence of a clear control group that can identify a counterfactual, in 

other words, what would have happened to toxic releases in the absence of TRI 

reporting requirements. With the TRI, the difficulty lies in isolating a control group 

because we only observe data on toxic releases for facilities that are subject to the 

regulatory reporting requirements and only in years in which reporting has been in 

effect. With the absence of a clear control group, we cannot determine whether observed 
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decreases in toxic releases due to the disclosure requirements or due to other factors 

such as general changes the industry or overall economy.  

 This research isolates the effect of information disclosure by using changes in the 

TRI reporting requirements to help identify the causal effect of disclosure from other 

potential explanations of changes in environmental performance. The Toxics Release 

Inventory program has undergone several different changes in reporting requirements 

including: (1) requiring additional categories of facilities to report, (2) requiring reports 

for additional chemicals, and (3) lowering reporting thresholds for particular chemicals. 

In all three cases one can think of “treatment” as being newly subject to the TRI 

requirements (e.g. a facility required to report for the first time or a facility reporting for 

a chemical for the first time). The “control” group is facilities that have reported 

previously.  

 This work presents results from analyses of adding new chemicals (2) and 

lowering reporting thresholds (3). We find limited evidence that facilities newly 

reporting for a chemical have greater proportional decreases in total releases. We also 

look at alternative outcome measures, such as on-site and off-site releases, releases 

weighted by toxicity, releases predicted by production ratio, and source reduction 

activities. 

 This chapter begins with an overview of the literature on information disclosure 

particularly relevant to the Toxics Release Inventory, as well as details about the TRI 

itself in Section 4.1.  Section 4.2 details the estimation strategy and Section 4.3 describes 

the data sources. Our results are described in Section 4.4, and Section 4.5 offers 

conclusions. 
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4.1 Background 

 Information disclosure programs for environmental performance metrics can 

serve many purposes. The most common and well-known use of information disclosure 

requirements is correcting market failures caused by asymmetric information. 

Information is asymmetric if one party to a transaction has more information on the 

product characteristics than another. These asymmetries can lead to suboptimal 

outcomes even in competitive markets (Akerloff 1970). Nutritional labeling, product 

safety labeling, energy efficiency labeling, and health inspection results labeling are all 

examples of how government has used information disclosure to help overcome 

informational asymmetries and allow consumers to be better informed about their 

product choices. Similarly, information disclosure may provide public agencies with the 

information needed to better allocate scarce public resources. For example, having 

information on the nature and types of hazardous waste stored onsite can help 

emergency response teams better prepare for and respond to accidents. Information on 

environmental performance could also be used to target enforcement or outreach 

activities. 

 A significant benefit of information disclosure programs is that the data these 

programs generate can be utilized by researchers, both public and private, to evaluate 

other programs. One of the major limitations of evaluation of environmental policies has 

long been a lack of data on environmental outcomes (Bennear and Coglianese, 2005). 

Collecting data on these outcomes facilitates a broad range of evaluative activities, even 

if the information disclosure program itself is difficult to evaluate. 
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 Finally, information disclosure requirements may result in improvements in 

environmental performance and in doing so serve as a regulatory instrument. Political 

scientists and legal scholars have developed a detailed theoretical framework for 

describing the circumstances under which information disclosure may be used as a 

regulatory instrument (Sunstein 1999, Graham 2001). One of the most frequently cited 

theoretical frameworks was developed by Sunstein (1999), which looks at information 

disclosure programs both inside and outside the environmental realm and classifies 

these programs as either working primarily through the market or through the political 

realm. As might be expected, information disclosure programs that are designed to 

overcome informational asymmetries operate primarily through the market, while 

information disclosure programs that are designed to correct for externalities operate 

through the political realm. Sunstein argues that the TRI program largely falls into this 

political category. 

 Snyder (2001) categorizes the pathways through which information disclosure 

programs might affect pollution levels as either supply-side pathways or demand-side 

pathways. With demand-side pathways, information disclosure influences consumer 

decisions, while supply-side pathways change outcomes by increasing the cost of 

production for firms. Snyder identifies three supply-side pathways and one demand-

side pathway. On the supply side, external pressure from various interest groups may 

directly increase the firm's expected cost of emissions. Alternatively, there may be 

institutional or organizational behavioral explanations for why the act of data gathering 

itself informs firms about potential cost savings (King 1999, King & Lenox 2002). The 

final supply side pathway is green investing. Investors may increase the cost of capital 
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for firms with higher emissions, potentially due to liability concerns. On the demand 

side, consumers may have preferences for goods produced with lower environmental 

damages.  

 This research is primarily concerned with information disclosure programs as 

regulatory instruments. Specifically, this work focuses on causal inference--under what 

circumstances does information disclosure result in improvements in environmental 

performance? If changes occurred due to information disclosure, future work can 

address the secondary questions of causal mechanisms, or why the change occurred. The 

analysis in this paper focuses on causal inference for one particular information 

disclosure program—the Toxics Releases Inventory. 

4.1.1 The Toxics Release Inventory 

 In 1986, shortly after a Union Carbide pesticide plant in Bhopal, India 

accidentally released 40 metric tons of methyl isocyanate, killing an estimated 2,000 

people and injuring 100,000 others and a pesticide release in West Virginia hospitalized 

150 people, Congress passed the Emergency Planning and Community Right to Know 

Act (EPCRA). The U.S. Environmental Protection Agency's (EPA) implementation of 

EPCRA resulted in the creation of the Toxic Release Inventory (TRI). The TRI required 

large manufacturing facilities to publicly disclose their releases of over 300 different 

toxic chemicals. It was thought that such public disclosures would provide communities 

and citizens with better information on the hazards in their communities and enable 

them to make better-informed decisions with respect to the risk these hazards may 

present. 
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 In the first three years after implementation (1988 to 1990) total reported releases 

to the TRI fell by nearly 15 percent. This stark decrease in reported releases lead to an 

increased interest in the potential for information disclosure to act as a regulatory 

instrument for pollution control. Instead of being used only to correct market failures 

due to informational asymmetries, could information disclosure be used to correct 

market failures due to pollution externalities?1 

 Interest in the use of Pollution Release and Transfer Registers (PRTRs) for 

pollution control continued to increase as reported releases to the TRI program 

continued to decrease at rapid rates. By 1995, total reported releases had decreased by 40 

percent. The interest in PRTRs as a regulatory instrument was not limited to the United 

States. The sharp decrease in reported releases to the TRI were also noticed abroad and 

other countries, notably Canada, Australia, the United Kingdom and Norway also began 

implementing PRTRs.  

4.1.2 Effectiveness of Pollution Release and Transfer Programs 

 Despite the increase in use of PRTRs as instruments for pollution control, there 

has yet been little systematic evidence of their success. While total reported releases 

have fallen dramatically in the U.S., factors other than information disclosure may 

account for some or most of these decreases. Some potential factors that may explain 

part of the observed decline in reported releases include other regulatory or voluntary 

programs (King and Lenox 2002), changes in reporting requirements and methods 

(Natan and Miller 1998), and strategic responses such as threshold-regarding behavior 

                                                        
1  See Karkkainen (2001), Kennedy, Laplante,and Maxwell (1994), Menell (1995), and Wheeler (2000) for 

various models of how information disclosure may internalize pollution externalities. 
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on the part of reporting facilities that decreases reporting without decreasing actual 

releases (Snyder 2004b). 

 Previous empirical analysis of the effect of the information disclosure via the TRI 

on reducing releases of toxic chemicals has been hindered by the absence of a clear 

control group that can identify what would have happened to toxic releases in the 

absence of TRI reporting requirements. In typical quasi-experimental or observational 

studies, average outcomes for facilities or firms that are subject to the regulation are 

compared with average outcomes for facilities that are not subject to the regulations. 

Additional care must then be taken to control for other factors that may explain these 

differences in average outcomes between the treatment and control facilities (Bennear 

and Coglianese 2005). The TRI only provides data on toxic releases for facilities that are 

subject to the regulatory reporting requirements and only in years in which reporting 

has been in effect. While some previous researchers have recognized that there may be 

several confounding factors that inhibit our ability to draw causal inferences from 

analyses of changes in total releases over time, such work has nonetheless focused on 

simple statistical evidence (for example, changes in releases over time) or case studies 

(Fung and O’Rourke 2000; and Graham 2001). But such analysis cannot account for 

potential confounding factors, including: the effect of additional regulation under other 

environmental statutes, measurement error, issues of sample selection and truncation, 

and the effect of exogenous changes in releases due to technological changes, output 

contractions, and other factors.  

 An important exception is the work that has been done on the effect of TRI on 

stock market valuations of firms (Hamilton 1995; Konar and Cohen 1997; and Khanna et 
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al. 1998). This empirical work has a solid theoretical foundation and attempts to control 

for confounding influences. However, these analyses are restricted to a single pathway 

of the effect of investing on firms’ decisions and are restricted to publicly traded firms. 

Our model incorporates additional pathways and includes a large sample of firms, 

including privately held companies. Other researchers have gone further to develop a 

“control” group by comparing, for example, changes in releases and stock market prices 

for firms whose releases receive media attention compared to those whose releases do 

not receive media attention (Hamilton 1995). This research correctly isolates a causal 

effect, but it is the causal effect of media attention rather than the causal effect of 

information disclosure. This research uses observational study designs to isolate the 

causal effect of reporting requirements for the TRI program. This allows us to assess 

how much of the observed changes in environmental performance are directly related to 

the information disclosure programs. 

4.2 Causal Effect of TRI on Environmental Performance 

 The fundamental challenge in evaluating any program is isolating the effect of 

the program on changes in some outcome of interest from other potential explanations 

for the observed change in outcomes. In the case of the Toxics Release Inventory, the 

effect of the program would be the change in environmental performance that would 

not have occurred but for the existence of the TRI, or the causal effect. In the absence of a 

controlled, randomized experiment, we must use observable data to obtain valid 

estimates of the inherently unobservable difference in potential outcomes between the 

treatment and non-treatment (or control) groups (Bennear and Coglianese 2005). 
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 Our research capitalizes in changes in the TRI reporting requirements over time 

to try to better establish a valid control group. The Toxics Release Inventory program 

has undergone several different changes in reporting requirements including: requiring 

additional categories of facilities to report, requiring reports for additional chemicals, 

and lowering reporting thresholds for particular chemicals. In all three cases one can 

think of “treatment” as being newly subject to the TRI requirements (e.g. a facility 

required to report for the first time or a facility reporting for a chemical for the first 

time). The “control” group is facilities that have reported previously. To see how this 

distinction might be used empirically, to isolate the causal effect of TRI reporting let us 

consider the following general model. If we define: 

yit = outcome of interest for facility i in year t 

Di = 1 is facility i is reporting to the TRI for the first time in year t 

Xit = vector of covariates for facility i in year t thought to explain the outcome 

T = year specific dummy variables 

ci = facility-specific fixed effects  

eit = random time and facility specific shock 

then the regression function: 

yit  =  !tT  +  "Di  +  #Di * T  +  $Xit  + ci +  eit    (Equation 4-1) 

 can be interpreted as a differences-in-differences estimate of the effect of treatment (new 

reporting) on the outcome holding constant other factors that may explain differences in 

outcomes. The differences-in-differences estimator measures the difference in the change 

in outcomes for the treated and the change in outcomes for the control group.  
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 Equation 4-1 is estimated two different ways. The first method uses all of the 

data and compares the overall trends before and after the changes in reporting occurred. 

The second method examines only data in the first two years after the reporting change 

to see if there is an initial treatment effect. 

 The model in Equation 4-1 assumes that in the covariates (Xs) and facility time-

constant fixed-effect only affect the level of environmental performance and not the 

trends. As we are trying to measure the effect of treatment on the trends, we can 

consider relaxing that assumption and allowing these variables to directly affect the 

trend. This leads to the following estimation strategy: 

         (Equation 4-2) 

The difference-in-difference estimate is now captured by the coefficient on D.  

The interpretation of the model depends critically how treatment is defined. Since there 

are three categories of changes in TRI reporting requirements that could be used as 

treatments, we will explore in more detail the interpretation for each of them separately. 

4.2.1 Additional Facilities 

 At inception the TRI only covered manufacturing facilities (facilities in US 

government’s Standard Industrial Classification2 or “SIC” codes 20-39). However, the 

TRI has been expanded several times since 1988 to cover more facilities. In 1994, federal 

facilities were required to report to TRI. Coal mining facilities, metal mining facilities, 

electrical utilities, chemical wholesalers, petroleum terminals/bulk stations, and solvent 

recovery services were required to report to TRI beginning in 1997. For our purposes, 

                                                        
2 We use the Standard Industrial Classification system rather than the newer North American Industry 
Classification System (NAICS code), which was released in 1997, as we have data that predates the NAICS. 



 

 103 

this change in reporting requirements is likely to be least useful in identifying the causal 

effect of treatment. To understand why, consider the general estimation presented above 

where D now takes a value of one for facilities in newly reporting industries and 0 for 

facilities in industries previously required to report. The estimation strategy outlined 

above would provide estimates of the changes in releases for newly reporting facilities 

relative to facilities that are not newly reporting holding other variables constant. But 

previous work has demonstrated that one of the key covariates that is likely to explain 

changes in releases even in the absence of reporting requirements is what industry the 

facility is in (King and Lenox 2002, Snyder 2004a, Khanna and Damon 1999, Khanna et. 

a. 1998, Konar and Cohen 1997). Since there will not be any “control” facilities in newly 

reporting industries, isolating the effect of reporting for effects that may be specific to 

each industry will not be feasible. Hence, we plan to focus instead on the other two 

changes in reporting requirements.  

4.2.2 Additional Chemicals 

 In 1995, facilities were required to report releases to the TRI of nearly 300 

additional chemicals bringing the total number of chemicals reported to approximately 

600. In 2000, additional “dioxin” chemicals were added to the TRI reportable chemical 

list. In both cases, the treatment variable (Di) now takes a value of 1 if facility i reports 

for chemical j for the first time in year t (1995 or 2000) and zero otherwise. The general 

model described above is then measuring the change in reported releases (or other 

outcome measure) for facilities reporting for a chemical for the first time relative to 

releases of chemicals that have were on the original reporting list, holding other factors 

constant. 
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 Under what circumstances might we expect this estimation strategy to reveal 

information about the causal effect of TRI disclosure requirements? Multiple pathways 

potentially explain why disclosure might lead to decreases in releases and suggests that 

these decreases may be diminishing over time. The institutional or organizational 

hypothesis proposed that the process of disclosing information to the TRI focus 

management attention on toxic releases and results in management taking cost-effective 

actions to reduce emissions in the first few years after reporting. Over time, as the less 

expensive options for reducing toxic releases have been implemented, additional 

reductions will become more costly and one might expect that reductions to slow down. 

Green consumerism, green investment, and external pressure might also lead to a 

diminishing rate of decrease in releases depending on the time horizon and attention 

span of the actors involved. If consumers, investors, or communities demand action 

upon first learning of the magnitude of toxic releases and are then satisfied with the 

progress they observe and reduce their pressure on firms, one would expect to see 

releases decrease more in the first years after reporting and less in future years. Even if 

consumers, investors, or communities continue to exert constant pressure on facilities to 

reduce releases, the plant may still experience diminishing returns to abatement or 

pollution prevention efforts. Thus, it seems probable that regardless of the combination 

of pathways that lead to pollution reductions, these reductions will be larger in initial 

reporting years and diminish over time. 

 Under these circumstances, newly reporting chemicals will exhibit different 

(presumably larger) changes in releases than chemicals that have been reported for a 

longer time. Statistically comparing the changes in releases for newly reported chemicals 
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to changes in releases of “older” chemicals may well identify a causal effect of disclosure 

requirements. The additional advantage of this approach is that one can compare 

changes in chemical releases within a single facility, thereby removing some factors that 

normally confound inter-plant analyses. For example, one need not be as concerned 

about other unobservable factors at the plant level effecting the overall trend in releases, 

as presumably these unobservables would affect all chemical use and release within a 

single plant similarly. 

4.2.3 Lowering Reporting Thresholds. 

 An additional change in TRI reporting rules concerns the reductions in the 

reporting thresholds. For most chemicals facilities are only required to report releases to 

TRI if they manufacture or process more than 25,000 pounds or otherwise use more than 

10,000 pounds of a listed chemical. In 2000, facilities were required to begin reporting 

releases of mercury if they manufactured, processed or otherwise used more than 10 

pounds. In 2001, facilities were required to begin reporting releases of lead if they 

manufactured, processed or otherwise used more than 100 pounds. In the context of our 

empirical model, treatment in this case is reporting for lead or mercury for the first time. 

Thus the model compares changes in mercury or lead releases (or percentage changes) 

for facilities who are reporting for one of these two chemicals for the first time, relative 

to facilities who have previously reported for these two chemicals holding other 

determinants of changes in releases constant. 

 In general, the comparison of percentage changes in releases for new and old 

reporters of lead and mercury might be biased, as there may be other unobservable 

factors that are not constant over time, and hence are not captured by the fixed effects, 
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that also explain differences in changes in releases of lead and mercury. The fact that the 

facilities used or manufactured smaller quantities of these chemicals may mean that they 

are smaller, have fundamentally different processes, different environmental 

management capacities, and these types of unobservable factors are likely also to be 

highly correlated with changes in releases. 

 To help address this concern, we also estimate the effect within-plant using 

analysis similar to that used to evaluate new chemicals (see above). For mercury, we 

select facilities that reported for other chemicals prior to 2000, but reported for mercury 

for the first time in 2000. Similarly, for lead we selected facilities that reported for other 

chemicals prior to 2001, but reported for lead for the first time in this year. We then 

compare the trends in releases for mercury (lead) to the trends for all other chemicals 

reported by that facility. 

4.3 Data 

 The data used are directly obtained from annual reports of toxic chemical 

releases to the US EPA’s Toxics Release Inventory (TRI). Every year, facilities report 

separately for every regulated chemical they use, manufacture or process. These 

chemicals may be released to environment in a variety of ways: air, water, land, 

underground injection, disposed of offsite. These releases are aggregated to total 

releases of all chemical by year by facility for this analysis.  

 We also use facility-specific control variables. First, the two-digit Standard 

Industrial Classification (SIC) code controls for the effect of industry. By linking TRI 

facility id to Dun and Bradsteet’s Data Universal Numbering System (DUNS), we are 
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able to incorporate yearly sales and employment data. Table 4-1 provides summary 

statistics for variables used in the following analysis. 

Table 4-1: Summary Statistics 

 
 

4.4 Results 

4.4.1 New Chemicals 

  
 
 

Figure 4-1 presents the trends of mean total releases of chemicals, for chemials that have 

been continuously reported since 1987, new chemicals added in 1995, and new 

chemicals added in 2000. While it seems continuously reported chemicals had a different 

trend in 1997-1999 compared to the 1995 newly reportable chemicals, these trends are 
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not enough to establish a causal effect of reporting to the TRI. Table 4-2 contains the 

analysis for new chemicals. Columns 1 and 2 present different specifications of equation 

(1) while Columns 3 and 4 present different specifications of equation (2). We control for 

industry using two-digit SIC codes and we include facility fixed effects to control for 

production and other facility-specific factors. Essentially we are comparing the releases 

of newly reportable chemicals to the releases of chemicals previously reportable holding 

constant industry, production and other facility-specific factors, economic and other 

time-specific factors.
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Figure 4-1: Trends in Total Pounds of Chemical Releases by Required Reporting Date 
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Table 4-2: Newly Reportable Chemicals 

 
 
Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
 
 There is limited evidence that the newly reportable chemicals differ from the 

previously reportable chemicals. In the most general models, overall releases are 

decreasing, but the signs for newly reportable chemicals are positive. They are negative 

but not statistically significant for a few years. However, where the dependent variables 
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are the percent change in total releases and change in log total releases, the effect on the 

trend negative (newly reporting facilities reduced by more) and statistically significant 

for newly reportable chemicals from 2000. In follow-up work (not reported here) we 

estimated this model separately for different industries. We find for most industries 

there is no effect, but there was an effect of information disclosure on releases in the 

National Security and International Affairs industry. However, this industry only covers 

1022 of 49,657 facilities and 924 observations. These results suggest modest support for a 

causal effect from the new chemical analysis. These estimate effects are robust to 

additions of facility characteristics, such as sales and employment, and as such these 

results are not presented.  

4.4.2 Lowered Reporting Thresholds 

 The reporting threshold for releases of mercury and lead were lowered in 2000 

and 2001, respectively. Table 4-3 and Table 4-4 contain results for the cross-facility 

comparisons for mercury and lead. Comparing trends in releases of newly reporting 

facilities to trends in releases of previously reporting facilities produced no statistically 

significant effect for mercury. Comparing trends in releases of newly reporting facilities 

to trends in releases of previously reporting facilities for lead frequently yielded 

statistically significant, but positive effects. However our hypothesis predicted this effect 

would be negative (indicating improved performance). This positive effect persists even 

when outliers are eliminated. 
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Table 4-3: Lowered Threshold for Mercury: Cross-facility Comparison 
Outliers Excluded 

 

Table 4-4: Lowered Threshold for Lead: Cross-facility Comparison 
Outliers Excluded 

  
Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
 
 However, as previously mentioned the cross-facility analysis are likely to be 

biased by the fact that facilities reporting for lead and mercury for the first time are 

differ in key ways than facilities that previously reported for lead and mercury. These 
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differences may not only affect the levels, but also the trends, which would bias our 

differences-in-differences estimator. 

 To address this we compare trends within facilities for mercury or lead releases 

to trends in releases of other previously reported chemicals for that facility. The results 

for mercury and lead can be found in Table 4-5 and Table 4-6. The results were often 

statistically significant effect, but the effect is positive suggesting that actually reduced 

pollution by less for lead or mercury than for the other chemicals for which they 

reported. This is opposite of the effect we think information disclosure should have. 

Alternative specifications that control for sales and employment show a negative and 

statistically significant effect of information disclosure for mercury.  

 Alternative specifications that control for sales and employment did not show a 

negative and statistically significant effect of information disclosure for lead, and these 

results are not reported. There are a few possible explanations for these findings. These 

facilities were using small amounts of lead, especially compared to other toxic chemicals 

use in the facility. This is confirmed by the negative coefficients on mercury and lead. 

The lack of an effect of information disclosure could be due to the fact that the amounts 

of lead were small, smaller facilities were unable to decrease their releases after the 

reporting requirements came in to effect.  
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Table 4-5: Lowered Threshold for Mercury: Within Facility Comparison  
Outliers Excluded 

 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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Table 4-6: Lowered Threshold for Lead: Within Facility Comparison  

Outliers Excluded 

  
Robust standard errors in parentheses 
*** p < 0.01, ** p < 0.05, * p < 0.1 

4.4.3 Alternative Outcome Measures  

 The analysis presented up until this point only considers total releases of 

chemicals. We also examine alternative outcome measures. Other work in this area has 

suggested that there are important strategic responses that may change the distribution 

of on-site and off-site releases. Facilities may transfer more waste off-site reducing their 

on-site releases. These strategic behaviors are masked when using the aggregate 

measure of total releases. As shown in Table 4-7, we find that newly reporting firms 

decreased their on-site emissions for the newly reportable dioxin chemical in the 

reporting year 2000. Besides this result, there is no discernible difference between onsite 

and offsite releases. This limited result suggests the possibility of strategic behavior.  
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Table 4-7: Newly Reportable Chemicals 
by Onsite and Offsite Releases 

 
 
Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 

 
 We also examine whether facilities that are subject to the changes in TRI 

reporting exhibit different trends in releases if releases are weighted by toxicity. We use 
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two different commonly used toxicity weights, the US EPA’s Risk Screening 

Environmental Indicators, (RSEI) and inverse of reportable quantity required by 

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA, 

colloquially known as Superfund) (RQ). These results confirm the results for 

unweighted chemical releases presented in section 4.3.1 and as such are not presented 

here.  

4.5 Conclusions and Discussion 

 This research is the first known to employ observational study designs to isolate 

the causal effect of reporting requirements for the TRI program. This is necessary to be 

able to identify what would have happened to toxic releases in the absence of TRI 

reporting requirements. Our research capitalizes in changes in the TRI reporting 

requirements over time to try to better establish a valid control group and estimate the 

effects of information disclosure on releases of toxic chemicals. This analysis presented 

limited support for information disclosure as a causal mechanism for environmental 

improvement, specifically in decreases in toxics releases as reported to the TRI.  

These results suggests policymakers should not rely on information disclosure as a 

substitute for toxic chemical regulation.  

 There are several general limitations to the use of TRI data as a valid measure of 

environmental performance. These include the limited number of industries and 

chemicals that are required to report, chemicals vary widely in the level of risk posed, 

facilities self-report releases, and truncation of data due to reporting thresholds (Snyder 

2004b).  Our results clearly can only pertain to the industries and chemicals covered by 
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the TRI. We try to address the issue of risk variation by using the RSEI and inverse RQ 

toxicity weights.  Our work cannot address issues raised by self-reporting.  

 It is important to recognize that previously identified decreases in toxics releases 

since the implementation of the TRI can be attributed to facilities strategic behavior. 

There is evidence to suggest facilities decrease their use of the chemical to a level below 

the required reporting threshold (Snyder 2004b). Our work avoids this truncation bias 

by only considering facilities which continue to report releases. Additionally, we 

investigate the existence of strategic behavior by looking at differences in onsite releases 

compared to offsite releases. We found limited support for strategic behavior by release 

location. 

Future research will connect these facility level data to parent firms. Tracking of 

facilities to parent firm over time will allow us to refine the existing analysis by using 

additional control variables that are more easily identified at the firm level, as well 

examine strategic responses to information disclosure at the firm, rather than the facility 

level. In other words, do firms respond to information disclosure by strategically 

acquiring or divesting of particular plants?  
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Appendix A: Experimental Instrument for Field 
Experiment 
First Section of Experimental Instrument, Pre-Information, administered over the 
phone or online 
 
Thank you for participating in our research study on private wells. 
This is the first of three surveys you will be required to complete as part of your 
participation in the study. The survey contains 53 questions and should take 
approximately 15 minutes. You will receive $5 for completing this first survey.  
 
Answers to these surveys will help us better understand private well water quality in 
North Carolina. In order for your participation to have the greatest impact on our study, 
we ask that you answer all of the questions. 
 
At the bottom of each page you will see several buttons. Press the next button to 
advance to the next set of questions. Press the back button to return to a previous page. 
If you are interupted during the survey and need to complete the survey at a later time, 
please press the save button. This will prevent you from having to redo the entire survey 
when you return. If you have any questions about the survey, please call the toll-free 
information line at 1-866-788-2558. You may also send me an email at 
lori.bennear@duke.edu. Thank you again for your participation.  
 
P1. How would you classify your home?   

House 
Townhouse/Duplex 
Mobile Home 
Apartment/Condo 
Other 
 

P2. In what year was your home built? 
 
P3. How many years have you lived at this residence?  
Please round to the nearest whole number. For example, if you have lived there for 1 
year and 8 months, please enter the number two (2). If you have lived in your home for 
less than 6 months, please enter zero (0). 

 
P4. Including you, how many of the people living at this residence are:    
 
Choosing between 0, 1, 2, 3, 4, more than 4 
 

5 years old or younger    
Between 6 and 10 years old    
Between 11 and 17 years old    
Between 18 and 15 years old    
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Between 26 and 40 years old    
Between 41 and 60 years old    
61 years old or older   
 

P5. Please check all race/ethnicities that apply to at least one member of your 
household.   
 White, not Hispanic 
   Black, not Hispanic 
   Asian, not Hispanic 
   Other, not Hispanic 
   White, Hispanic 
   Black, Hispanic 
   Asian, Hispanic 
   Other, Hispanic 

 
P6. What is your annual household income?   
 Less than $20,000 
   $20,000 - $30,000 
   $30,000 - $50,000 
   $50,000 - $75,000 
   $75,000 - $100,000 
   $100,000 - $150,000 
 $150,000 - $200,000 
 More than $200,000 

 
P7. What is the highest level of education received by any member of your household?   
 Less than high school 
   GED, no high school diploma 
   High school diploma 
   Some college 
   Associate degree 
   Bachelor's degree 
   Graduate degree 
 No response 

 
P8. Which of the following sources of news do you use regularly (4 or more times per 
week)? Check all that apply   
 Local Newspaper (for example, The News and Observer, The Herald Sun) 

National Newspaper (for example, U.S. Today, the Wall Street Journal, the New 
York Times) 

   Network TV news (ABC, CBS, NBC, FOX) 
   Cable news (CNN, Fox News, MSNBC) 
 Public Sources (PBS, NPR) 
   Internet 
   Commercial radio (including satellite radio) 
   Other 
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P9. What is the age of your well in years?  
Please round to the nearest whole number. If your well is less than 6 months old, please 
enter zero (0). 
 
If you do not know the exact age of your well, please select your best estimate below.   

Less than 5 years old 
5-10 years old 
10-20 years old 
More than 20 years old 

 
P10. Have you ever had your well tested for any contamination?   
(No/ Don’t know skips to Treatment) 

Yes 
No 
Don't Know 

 
P11.  When was the most recent test done?   

Within the last year 
Within the last 3 years 
Within the last 5 years 
Within the last 10 years 
More than 10 years ago. 
Don't Know 

 
P12.   Please mark all of the contaminants that were part of the test.   

Bacteria (such as fecal coliform) 
Lead 
Arsenic 
Radioactive materials (such as Radium and Radon) 
Nitrates 
Other 
Don't Know 

 
P13.   Test Results 
Did your well pass the most recent test?  
(Yes skips to treatment)  
 Yes 
   No 
   Don't Know 
 
P14.   test1 
What problems were detected in your well? Check all that apply.   
 Bacteria was found 
   Lead was found 
   Arsenic was found 
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   Radioactive materials (such as Radium and Radon) were found 
   Nitrates were found 
   Other problems were found 
   Don't Know 
 
P15. Treatment 
Do you presently use any type of water treatment system or employ a water treatment 
service for your home? 
 
Common water treatment systems include water filters (such as Brita filters or 
refrigerator filters), water softeners, and reverse osmosis systems. A common water 
treatment services is the "Culligan Man."  
(Yes skips to Technology water consumption)  
 
 Yes 
   No 
   Don't Know 
 
P16. Reason_untreated water 
Which of the following reasons explains why you do not treat the water in your home. 
Please check all that apply.    
(All answers skip to Water per Day) 
 
 There is no problem with the water 
   Water tastes fine 
   Treatment is too expensive 
   The treatment creates other problems i.e. problems for septic tank 
   Other 
 
P17.    Technology water consumption 
Which of the following treatment systems do you currently use in your home? Please 
check all that apply.   

Carbon filter (includes Brita filters and similar filters on refrigerator water 
dispensers, etc) 
Water softener (includes many water treatment services such as the Culligan 
Man) 
Reverse osmosis 
Ultra Violet 
Distillation 
Aeration 
Other 

 
P18.   Why device 
Why do you use these treatment systems? Please mark all that apply.   
Improves the taste of the water 
   Improves the quality of water 
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   It is healthier 
   It is installed, so I use it 
 Blank space 
 
P19.   Installation Cost 
How much did this water treatment system cost to install in your home? If you do not 
know, please estimate what it might have cost to install the treatment system. Please 
include the cost of the components and labor costs for installation.   
   Less than $100 
   Between $100 and 500 
   Between $501 and $1000 
   Between $1001 and $1500 
   Between $1501 and $2000 
   More than $2000 
 
P20.   Spending on devices 
How much money do you spend each year on operating and maintenance of these 
treatment systems. If you do not know, please estimate the cost of maintenance. Please 
include costs of filters, softening salts, etc?   
 Less than $100 
   Between $101 and $250 
   Between $251 and $500 
   More than $500 
 
P21. For this question, note that an 8-ounce glass is the size of a typical juice glass or half 
the size of a soda can. For this questions do not include water used in cooking, but do 
include water used in making other beverages such as coffee, iced tea, lemonade, etc. 
 
This question is about how many 8-ounce glasses of water do you drink on a typical 
day. Please include water consumed in your home and elsewhere. Please answer only 
for yourself. 
 
How many of these 8 ounce glasses do you consume in your home? Again, please 
answer only for yourself. 

 
P22. Water source 
What is the primary source of the water you drink in your home? Please answer only for 
yourself.   
 Tap water from your home that is unfiltered 
   Tap water from your home that is filtered 
   Bottled water 

Blank 
 

P23. The questions on this page pertain to children living in your home.  
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How many 8 oz. glasses of water do your children drink during the day? Please include 
an estimate of water consumed both at home and at school or daycare. Please include 
water used to make formula for infants. 
 
P24. How many of these 8 ounce glasses are consumed at home? 

 
P25. Water source children 
What is the primary source of the water that your children drink in your home?  
 Tap water from your home that is unfiltered 
   Tap water from your home that is filtered 
   Bottled water 

Blank 
 

P26. Bottled Water Not Primary 
Does anyone in your household consume bottled water in your home at least once per 
week?  
(No skips to Smoking) 

 
Yes 
No 
 

P27. Bottled Water Cost 
Approximately how much money does your household spend on bottled water each 
week? 
 Less than $10 
   Between $10 and $20 
   Between $21 and $30 
   Between $31 and $40 
   Between $41 and $50 

More than $50 
 
P28. How many meals do you or your family members cook in your home during the 
week? 
 
P29. What is the primary source of water used for cooking in your home? 
 Tap water from your home that is unfiltered 
   Tap water from your home that is filtered 
   Bottled water 
 Blank 
 
P30. How many showers do you personally take in your home per week? 
 Fewer than 5 
 Between 5 and 7 
 Between 8 and 10 
 More than 10 
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P31. How long are your showers, on average? 
 Less than 5 minutes 
 Between 5 and 10 minutes 
 Between 10 and 20 minutes 
 Between 20 and 30 minutes 
 Greater than 30 minutes 
 
P32. Think of the person in your household that takes the GREATEST number of 
showers in your home during a week. 
How many showers does that person take in your home per week? 
 Fewer than 5 
 Between 5 and 7 
 Between 8 and 10 
 More than 10 
 
P33. Think of the person in your household that takes the LONGEST showers.  
How long does that person shower, on average? 
 Less than 5 minutes 
 Between 5 and 10 minutes 
 Between 10 and 20 minutes 
 Between 20 and 30 minutes 
 Greater than 30 minutes 
 
P34. Is the person who takes the most frequent showers the same person who takes the 
longest showers? 
 Yes 
 No 
 
P35. What type of ventilation do you regularly use during your shower? 
 None 
 Bathroom fan 
 Open window 
 Blank 

 
P36. Smoking  
Do you currently smoke? 

Yes 
No 

 
P37. Ever_smoke 
Have you ever smoked?   

Yes 
No 
 

P38.  Relative Health 
Relative to other people, I think my overall health is:   
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 Significantly worse 
   Worse 
   The same (average) 
   Better 
   Significantly better 
 
P39. Relative Risk Perception 
Relative to other people, I think my risk of getting cancer is:   
 Significantly lower 
   Lower 
   The same (average) 
   Higher 
   Significantly Higher 

 
P40. For each of the following, please indicate whether the statement is true, false, or 
that you do not know.  
Please answer based on your current knowledge and without consulting other sources. 
Please do not guess. If you are unsure, mark "I do not know."  
 
Bacteria in water can cause cancer.  
Bacteria in water can cause gastro-intestinal problems such as diarrhea and vomiting. 
Bacteria in water can cause skin problems such as rashes and hives.     
If I am going to get sick from bacteria in my water, it will usually happen quickly 
(within a few hours or days of drinking the water).     
I can get sick from showering in water that has bacteria in it.   
 
P41. For each of the following, please indicate whether the statement is true, false, or 
that you do not know.  
Please answer based on your current knowledge and without consulting other sources.   
 
I can reduce my risk from bacteria in water by boiling the water.     
I can reduce my risk from bacteria in water by filtering.     
I can reduce my risk from bacteria in water by using a reverse osmosis system.     
I can reduce my risk from bacteria in water by using a softening system.   
 
P42. For each of the following, please indicate whether the statement is true, false, or 
that you do not know.  
Please answer based on your current knowledge and without consulting other sources. 
Please do not guess. If you are unsure, mark "I do not know." 
 
Runoff from agricultural or meat production can cause bacteria contamination.     
Naturally occurring substances in the ground can cause bacteria contamination.     
Human errors such as leaking underground tanks, industrial spills, etc. can cause 
bacteria contamination.  
The weather can cause bacteria contamination.   
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P43. For each of the following, please indicate whether the statement is true, false, or 
that you do not know.  
Please answer based on your current knowledge and without consulting other sources. 
Please do not guess. If you are unsure, mark "I do not know."  
 
Arsenic in water can cause cancer.  
Arsenic in water can cause gastro-intestinal problems such as diarrhea and vomiting. 
Arsenic in water can cause skin problems such as rashes and hives.     
If I am going to get sick from arsenic in my water, it will usually happen quickly (within 
a few hours or days of drinking the water).     
I can get sick from showering in water that has arsenic in it.   
 
P44. For each of the following, please indicate whether the statement is true, false, or 
that you do not know.  
Please answer based on your current knowledge and without consulting other sources.   
 
I can reduce my risk from arsenic in water by boiling the water.     
I can reduce my risk from arsenic in water by filtering.     
I can reduce my risk from arsenic in water by using a reverse osmosis system.     
I can reduce my risk from arsenic in water by using a softening system.   
 
P45. For each of the following, please indicate whether the statement is true, false, or 
that you do not know.  
Please answer based on your current knowledge and without consulting other sources. 
Please do not guess. If you are unsure, mark "I do not know." 
 
Runoff from agricultural or meat production can cause arsenic contamination.     
Naturally occurring substances in the ground can cause arsenic contamination.     
Human errors such as leaking underground tanks, industrial spills, etc. can cause 
arsenic contamination.  
The weather can cause arsenic contamination.   
 
P46-P52 repeats the same questions for radium and radon, and were not used in this 
analysis.  
 
P52. For each of the following, please indicate whether the statement is true, false, or 
that you do not know.  
Please answer based on your current knowledge and without consulting other sources. 
Please do not guess. If you are unsure, mark "I do not know." 
 
Private well water is protected under the Safe Drinking Water Act 
Private wells must be tested for contamination prior to sale or lease of property. 
If a private well is contaminated, the state or county must provide alternative drinking 
water (e.g., bottled water).  
If state or county officials discover groundwater contamination they must notify nearby 
residents within 30 days.  
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P53. Please rate each of the following (Strongly Disagree, Disagree, Neither Agree Nor 
Disagree, Agree, Strongly Agree): 

 
The federal government (including the President, Congress, the Judiciary, and 
the Cabinet) can be trusted to set policies that protect my health and the health of 
my family.) 
 
The North Carolina state government (inlcuding the governor, general assembly, 
and state agencies) can be trusted to set policies that protect my health and the 
health of my family. 
 
The local government (including the mayor and local and county agencies) can 
be trusted to set policies that protect my health and the health of my family. 

Second Section of Experimental Instrument, Post-Information, administered over the 
phone 
 
I1. Good morning/ afternoon Mr./ Mrs. ________________. My name is _____________ 
and I am a member of the research team working on the private well project at Duke 
University. We recently tested your well water for arsenic and sent you a packet 
detailing the results of these tests.  I am calling to go over the results, provide you with 
an opportunity to ask questions you may have, and also ask a couple of quick questions 
regarding your understanding of the results. Do you have __ minutes to discuss this 
with me at this time? 

 
I2. Are you the primary person in your household who would make decisions about 
your water system? 

Yes 
No 

 
a. If yes, go to 3. 
b. If no, is the primary person responsible for decisions about your 
water system available? 

i. If yes, ask to speak with them. 
ii. If no, ask when they might be available. 

If refuse, then continue with person on phone but flag as non-
primary. 
 

I3. Did you read the letter detailing your test results? 
Yes 
No 
 

I4. Did you read any of the enclosed materials that describe the causes, effects and 
treatments for arsenic? 

Yes 
No 
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I5. For our study it is important that you understand the results of your test and their 
implications so I’m going to review these results with you now.  The findings of the test 
conducted by our laboratory show that your well contains ______ppb of arsenic.  The 
EPA standard for arsenic in public water systems is 10ppb. 
 

Your well has positive amounts of arsenic but does not exceed the standards that 
would apply to public water systems such as city water systems.  Even though 
your water does not exceed EPA standards for public water systems, depending 
on the level present in your well there may still be some health effect of exposure 
to arsenic in your drinking water.  I will review the scientific evidence on the 
health impacts with you now.  
 
OR 
 
Your well has positive amounts of arsenic and exceeds the standard that would 
apply to public water systems for arsenic.  There may be health effects from 
exposure to these chemicals in your drinking water.  I will review the scientific 
evidence on the health impacts with you now.     

 
I6.  Arsenic is a naturally occurring chemical.  They are present in various levels in the 
ground and can leach from the ground into well water.  It has been linked to cancer and 
other illnesses. The primary route of exposure for arsenic is through ingestion—that is 
through drinking the water.   

 
Version A:  Gains Frame 
 
Reducing your exposure to arsenic 
decreases your risk of developing cancer.  
However, the health benefits from 
reducing your exposure to arsenic take 
time to develop. Ending your exposure to 
water with arsenic today you will not 
likely experience immediate benefit to 
your health. However, reducing your 
regular consumption of drinking water 
containing arsenic will lower your chances 
of developing cancer or health problems 
later in your life.   
 
I7. To give you a sense of the risks 
involved, reducing your regular daily 
arsenic consumption by the amount of 
arsenic contained in 8 glasses of water with 
the EPA’s limit, 10 ppb of arsenic per day, 
lowers your likelihood of developing 

Version B:  Loss Frame 
 
Continuing your exposure to arsenic 
increases your risk of developing cancer.  
However, the health risks from continuing 
your exposure to arsenic take time to 
develop. Exposure to water with arsenic 
today you will not likely result in 
immediate harm to your health. However, 
over time, continuing your regular 
consumption of drinking water containing 
arsenic will increase your chances of 
developing cancer or health problems later 
in your life.   
 
I7. To give you a sense of the risks 
involved, regular daily consumption of the 
amount of arsenic contained in 8 glasses of 
water with the EPA’s limit, 10 ppb of 
arsenic per day, increases your likelihood 
of developing cancer during your lifetime 
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cancer during your lifetime by 1 in 150.  
That is, if 150 people were to do this, one 
fewer person would develop cancer over 
their lifetime.  Because the level of arsenic 
in your well is higher/lower than 10 ppb, 
the expected cancer benefit from drinking 
arsenic-free water is higher/lower than 1 
in 150.  In general, scientists agree that no 
level of exposure to arsenic is completely 
safe, but that the benefits of reducing 
exposure are greater when more of the 
chemical is present.  Reducing exposure to 
low levels of these chemicals, even over 
long periods, may provide very small risk 
reductions. 
 
I8.I8.a You may be wondering what, if 
anything, you should do in response to 
these findings.  As I said, reducing your 
exposure to arsenic decreases your cancer 
risk.  If you feel that the reduced risk of 
getting cancer posed by improving your 
drinking water is not significant enough to 
act upon, you can do nothing.   
 
 
I8.I8.b There may be water sources 
available to you that have little or no 
arsenic, including bottled water or public 
water at work, school, or other locations 
outside of your home.  Obtaining your 
drinking water from these sources rather 
than from your private well decreases your 
family’s cancer risk.   
 
I8.c Boiling water or allowing the water to 
run before drinking it does not affect 
arsenic levels, but there are certified 
systems that can treat your water.  If you 
currently have or choose to adopt one of 
these systems, your water will no longer 
contain a significant amount of arsenic, 
which reduces your family’s risk of cancer.  
You should consult a qualified 
professional to determine which system is 
best for you given your overall test results. 

by 1 in 150.  That is, if 150 people were to 
do this, one more person would develop 
cancer over their lifetime.  Because the 
level of arsenic in your well is 
higher/lower than 10 ppb, the expected 
cancer risk from drinking your water is 
higher/lower than 1 in 150.   In general, 
scientists agree that no level of exposure to 
arsenic is completely safe, but that the risk 
is higher when more of the chemical is 
present.  Exposure to low levels of arsenic, 
even over long periods, may present very 
small risk.  
 
 
I8.I8.a   You may be wondering what, if 
anything, you should do in response to 
these findings.  As I said, continuing your 
exposure to arsenic increases your cancer 
risk.  If you feel that the increased risk of 
getting cancer posed by your drinking 
water is not significant enough to act 
upon, you can do nothing.    I will first go 
through the options for arsenic. 
 
I8.I8.b There may be water sources 
available to you that have little or no 
arsenic, including bottled water or public 
water at work, school, or other locations 
outside of your home.  Obtaining your 
drinking water from your private well 
rather than from these sources increases 
your family’s cancer risk.   
 
I8.c Boiling water or allowing the water to 
run before drinking it does not affect 
arsenic levels, but there are certified 
systems that can treat your water.  If you 
do not currently have or do not choose to 
adopt one of these systems, your water 
will continue to contain a significant 
amount of arsenic, which increases your 
family’s risk of cancer.  You should consult 
a qualified professional to determine 
which system is best for you given your 
overall test results. 
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I9.  Before answering your questions, I’d like to ask you a few short questions about 
your results. 
  

a. How concerned are you about the level of arsenic present in your 
well water? 

Not at all concerned 
A little concerned 
Moderately concerned 
Very concerned 

 
b. Overall, to what extent do you believe it is important that you take 

action to address the problems posed by your well water? 
Very unimportant 
Somewhat unimportant 
Neither important nor unimportant 
Somewhat important 
Very important 

 
c. Over what time frame do you plan on taking action to address the 

problems posed by your well water? 
Not planning to take action 
Immediately 
Over the next month 
1 - 6 months 
6 - 12 months 
More than 12 months. 

 
d. Have you made or are you considering any changes in your water 

consumption? If so, which ones? 
Drink more bottled water 
Drink more water from other sources (not bottled water) 
Drink more filtered water 
Use bottled water for cooking 
Use more filtered water for cooking 
Take shorter showers at home 
Shower less frequently at home 
Run the dishwasher or washing machine less often 

 
e. After receiving your results, have you discussed them with other 

people besides family members, like friends or neighbors? (mark all 
that apply) 

Immediate family (living in your household) 
Extended family  
Neighbors 
Friends/Colleagues 
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Doctor/Health professional 
Other 

 
f. Have you tried to get any more information about arsenic and its 

effects on human health? If so, where have did you get this 
information from? 

General Internet 
Local environmental/health agency 
State environmental/health agency 
Federal environmental/health agency 
Centers for Disease Control 
National Sanitation Foundation (NSF)  
Other (fill in) 

 
I10.  Now, do you have any questions for us? 
 
I11.  Thank you for your time! We really appreciate your assistance in the study. A final 
survey will follow within the next couple of months. If you have any questions in the 
meantime do not hesitate to contact us!  

 
Third Section of Experimental Instrument, Follow-up, Post-Information, 
administered over the phone or internet 
 
Thank you for participating in our research study on private wells. 
 
This is the last of three surveys you will be asked to complete as part of your 
participation in the study. The survey contains 36 questions and should take 
approximately 15 minutes. If you completed the research subject payment form and 
provided your social security number, you will receive $15 for completing this final 
survey. Checks will be mailed directly to your address. If you did not receive the $10 
payment for the second phone survey and believe that you submitted the payment form 
with your social security number please call or email us. 
 
Answers to these surveys will help us better understand private well water quality in 
North Carolina. In order for your participation to have the greatest impact on our study, 
we ask that you answer all of the questions. 
 
At the bottom of each page you will see several buttons. Press the next button to 
advance to the next set of questions. Press the back button to return to a previous page. 
If you are interrupted during the survey and need to complete the survey at a later time, 
please press the save button. This will prevent you from having to redo the entire survey 
when you return. 
 
Do not be concerned if it appears that the survey skipped several questions. Based on 
your answer to one question, we may determine that several additional questions are 
not relevant. These questions will automatically be skipped for you. There is no need to 
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worry about this. 
 
If you have any questions about the survey, please call the toll-free information line at 1-
866-788-2558. You may also send me an email at lori.bennear@duke.edu. Thank you 
again for your participation.  
 
F1. After receiving the results of our tests on your well water, have you discussed the 
results with other people? If so, please mark all that apply. 
 Did not discuss with anyone 
 Immediate family (living in your household) 
 Extended family 
 Neighbors 
 Friends/Colleagues 
 Doctor/Health Professional 
 Other (blank) 
 
F2. Have you discussed your results with other people whom you know are also 
participating in this study? 
 Yes 
 No 
 
F3. Have you tried to get any more information about arsenic and its effects on human 
health? If so, where have did you get this information from? 
 General Internet 
 Local environmental/health agency 
 State environmental/health agency 
 Federal environmental/health agency 
 Centers for Disease Control 
 National Sanitation Foundation (NSF)  
 Other (fill in) 
 
F4. After reviewing the information received, speaking with members of the research 
team, and gathering your own additional information, how confident are you in your 
ability to assess the danger (or lack thereof) presented by arsenic in your well water? 
 Very confident 
   Somewhat confident 
   Somewhat unconfident 
   Very Unconfident 
 
F5. How concerned are you about the level of arsenic present in your water?         
 Not at all concerned 
   A little concerned 
   Moderately concerned 
   Very concerned 
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F6. Which of the following pieces of information were helpful for you in deciding how 
concerned you were about the level of arsenic in your well. 
        NC State Health-based Recommendation 
 U.S. EPA standard for public drinking water systems 
 Information on cancer risk levels presented in tables in the brochures 
   Other information presented in the brochures 
        Other (blank) 
 
F7. If you had the following information, please rank how relevant each would be in 
determining how concerned you would be about the level of arsenic in your well. Rank 
from 1 to 7, with 1 being most relevant and 7 being the least relevant. If the information 
would be irrelevant, please mark “Not Relevant.”   

NC State Health-based Recommendation (0.02 ppb) 
U.S. EPA standard for public drinking water systems (10 ppb) 
Level of arsenic in your well relative to the average level of arsenic in the wells of 
your immediate neighbors. 
Level of arsenic in your well relative to the average level of arsenic in the wells in 
the county in which you live. 
Level of arsenic in your well relative to the average level of arsenic in the wells in 
the state in which you live. 
Level of arsenic in your well relative to level of arsenic in water available from 
nearest public source (city or private water supplier). 
Level of arsenic in your well relative to level of arsenic in major brands of bottled 
water. 

 
F8. Please describe any additional information that would have been helpful in 
determining how concerned you should be about the level of arsenic in your well. 
 
F9. For arsenic, there are two government standards or recommendation provided in 
our brochures--one is the NC State Health-based Recommendation (0.02 ppb) and one is 
the federal EPA standard for public drinking water systems (10 ppb). Please mark the 
statement that most closely resembles your views. 

I trust the NC recommendation (0.02 ppb) more than the U.S. EPA standard (10 
ppb). 
I trust the U.S. EPA standard (10 ppb) more than the NC recommendation (0.02 
ppb). 
I trust both the NC recommendation (0.02) and the U.S. EPA standard (10 ppb) 
equally. 
I trust neither the NC recommendation (0.02) nor the U.S. EPA standard (10 
ppb). 
I found the existence of differing state and federal recommendations or 
standards confusing and did not know which one (if either) to trust. 

 
 
F10. Overall, to what extent do you believe it is important that you take action to address 
the problems posed by your well water?   
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 Very Unimportant 
   Somewhat unimportant 
   Neither important nor unimportant 
   Somewhat important 
   Very important 
 
F11.  Relative Health 
Relative to other people, I think my overall health is:   
 Significantly worse 
   Worse 
   The same (average) 
   Better 
   Significantly better 
 
F12. Relative Risk Perception 
Relative to other people, I think my risk of getting cancer is:   
 Significantly lower 
   Lower 
   The same (average) 
   Higher 
   Significantly Higher 
 
 
F13. Have you made, or are you considering, any changes in your water consumption 
because of the level of arsenic in your well water? Please mark all that apply. 

No changes 
Drink more bottled water 
Drink more filtered water 
Drink more water from other sources (not bottled or filtered water). For example 
more water at work or other places outside the home. 
Use bottled or filtered water for cooking 

 
F14. For this question, note that an 8 oz glass is the size of a typical juice glass. For this 
questions do not include water used in cooking, but do include water used in making 
other beverages such as coffee, iced tea, lemonade, etc.  
 
Approximately, how many 8 ounce glasses of water do you drink on a typical day? 
Please include water consumed in your home and elsewhere. Please answer only for 
yourself. 
    
How many of these 8 ounce glasses do you consume in your home? Again, please 
answer only for yourself. 
   
 
F15. What is the primary source of the water you drink in your home? Please answer 
only for yourself. 



 

 136 

    Tap water from your home that is unfiltered 
    Tap water from your home that is filtered 
    Bottled water 
 
F16. The questions on this page pertain to children living in your home. If you have no 
children living at home please leave all questions on this page blank and press the next 
button. 
 
How many 8 oz. glasses of water do your children drink during the day? Please include 
an estimate of water consumed both at home and at school or daycare. Please include 
water used to make formula for infants.  
   
F17. How many of these 8 ounce glasses are consumed at home? 
 
F18. What is the primary source of the water that your children drink in your home?  
    Tap water from your home that is unfiltered 
    Tap water from your home that is filtered 
    Bottled water 
    Other    
 
F19. Does anyone in your household consume bottled water in your home at least once 
per week? 
    Yes 
    No 
 
F20. Approximately how much money does your household spend on bottled water 
each week? 
    Less than $10 
    Between $10 and $20 
    Between $21 and $30 
    Between $31 and $40 
    Between $41 and $50 
    More than $50 
 
F21. How many meals do you or your family members cook in your home during the 
week? 
 
F22. What is the primary source of water used for cooking in your home? 
    Tap water from your home that is unfiltered 
    Tap water from your home that is filtered 
    Bottled water 
    Other    
F23. Please mark the statement that most accurately describes your situation. 

During the past year I did not significantly change my indoor water 
consumption. 
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During the past year I significantly changed my indoor water consumption 
primarily due to the ongoing drought. 
During the past year I significantly changed my indoor water consumption 
primarily due to concerns about my well water quality, including concerns about 
the level of arsenic in my well. 
During the past year I significantly changed my indoor water use equally due to 
the drought and concerns about my well water quality. 

 
F24. Have you made, or are you considering, any changes in your water treatment 
system because the the level of arsenic in your well? Please mark all that apply. 
    No changes 
    Install new treatment system 
    Change maintainence schedule of existing system 
    Modified/improved existing system 
  
F25. Over what time frame do you plan to install the new treatment system or making 
changes to your current system maintenance? 
    All ready completed 
    Over the next month 
    1-6 months 
    6-12 months 
    More than 12 months 
 
F26. Which of the following treatment systems have you recently installed or do you 
plan to install in your home because of concerns about the level of arsenic in your well? 
  Carbon filter 

Water softener (includes many water treatment services such as the Culligan 
Man) 

  Reverse osmosis 
  Ultra Violet  
  Distillation 
  Aeration 
  Other    
 
F27. How much did this water treatment system cost to install in your home or how 
much do you expect it to cost if you have not yet installed the treatment system? If you 
do not know, please estimate what it might cost to install the treatment system. Please 
include the cost of the components and labor costs for installation. 
    Less than $100 
    Between $100 and 500 
    Between $501 and $1000 
    Between $1001 and $1500 
    Between $1501 and $2000 
    More than $2000 
    Cannot Estimate 
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F28. How much money do you spend each year (or will you spend if the system is new) 
on operation and maintenance of these treatment systems. If you do not know, please 
estimate the cost of maintenance. Please include costs of filters, softening salts, etc? 
    Less than $100 
    Between $101 and $250 
    Between $251 and $500 
    More than $500 
    Cannot Estimate 
 
F29. For each of the following, please indicate whether the statement is true, false, or that 
you do not know.  
Please answer based on your current knowledge and without consulting other sources. 
Please do not guess. If you are unsure, mark "I do not know."  
 
Bacteria in water can cause cancer.  
Bacteria in water can cause gastro-intestinal problems such as diarrhea and vomiting. 
Bacteria in water can cause skin problems such as rashes and hives.     
If I am going to get sick from bacteria in my water, it will usually happen quickly 
(within a few hours or days of drinking the water).     
I can get sick from showering in water that has bacteria in it.   
 
F30. For each of the following, please indicate whether the statement is true, false, or that 
you do not know.  
Please answer based on your current knowledge and without consulting other sources.   
 
I can reduce my risk from bacteria in water by boiling the water.     
I can reduce my risk from bacteria in water by filtering.     
I can reduce my risk from bacteria in water by using a reverse osmosis system.     
I can reduce my risk from bacteria in water by using a softening system.   
 
F31. For each of the following, please indicate whether the statement is true, false, or that 
you do not know.  
Please answer based on your current knowledge and without consulting other sources. 
Please do not guess. If you are unsure, mark "I do not know." 
 
Runoff from agricultural or meat production can cause bacteria contamination.     
Naturally occurring substances in the ground can cause bacteria contamination.     
Human errors such as leaking underground tanks, industrial spills, etc. can cause 
bacteria contamination.  
The weather can cause bacteria contamination.   
 
F32. For each of the following, please indicate whether the statement is true, false, or that 
you do not know.  
Please answer based on your current knowledge and without consulting other sources. 
Please do not guess. If you are unsure, mark "I do not know."  
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Arsenic in water can cause cancer.  
Arsenic in water can cause gastro-intestinal problems such as diarrhea and vomiting. 
Arsenic in water can cause skin problems such as rashes and hives.     
If I am going to get sick from arsenic in my water, it will usually happen quickly (within 
a few hours or days of drinking the water).     
I can get sick from showering in water that has arsenic in it.   
 
F33. For each of the following, please indicate whether the statement is true, false, or that 
you do not know.  
Please answer based on your current knowledge and without consulting other sources.   
 
I can reduce my risk from arsenic in water by boiling the water.     
I can reduce my risk from arsenic in water by filtering.     
I can reduce my risk from arsenic in water by using a reverse osmosis system.     
I can reduce my risk from arsenic in water by using a softening system.   
 
F34. For each of the following, please indicate whether the statement is true, false, or that 
you do not know.  
Please answer based on your current knowledge and without consulting other sources. 
Please do not guess. If you are unsure, mark "I do not know." 
 
Runoff from agricultural or meat production can cause arsenic contamination.     
Naturally occurring substances in the ground can cause arsenic contamination.     
Human errors such as leaking underground tanks, industrial spills, etc. can cause 
arsenic contamination.  
The weather can cause arsenic contamination.   
 
F35. After finishing this survey your participation in our study will be completed. As 
part of your participation in our study you have already received detailed information 
on your levels of arsenic. We have also tested your well and sink water for several other 
inorganic chemicals. We did not request results for lead, however, we received lead 
results in error from the laboratory. Because lead was not part of our original study 
design we want to inform you that we have these results and present you with two 
options. 
 
Option #1: You may elect to receive your lead testing results. These results will be 
included along with information on all the other tested chemicals. The results for lead 
will remain in our database and will be available to members of our team for research 
purposes. But the data will not be made available to anyone outside our research team. 
 
Option #2: You may elect not to receive your lead testing results. If you do not wish to 
receive these results, the data on lead will be permanently deleted from our records and 
will not be available for current or future research. You may still elect to receive a report 
of all the other inorganic chemical findings. 
There are potential benefits and risks to receiving your lead results. These are similar to 
the risks and benefits of participating in the bigger study. The benefits are that you will 



 

 140 

learn more about the levels of lead in your water. The primary risk is that North 
Carolina requires disclosure of “any known problems (malfunction or defect) in the 
water supply system upon sale or lease of the property. Depending on the results of the 
test, you may be required to disclose the findings if you sell or lease your property. 
 
As with all information from this study, the data on lead will be stored at Duke in a 
place where only the research team can access it. Also, your name and address will not 
be used in any presentations or publications from this study. 
 
If you have any questions, please contact Dr. Lori Bennear at 919-613-8083 or 
lori.bennear@duke.edu. 
 
Please choose one of the following options: 

Option 1: Please send me a complete report of the inorganic chemical levels in 
my well, including the levels of lead. 
Option 2a: Please send me a list of the inorganic chemical levels in my well, but 
DO NOT include the levels for lead. Please delete all of the lead data from your 
database. 
Option 2b: Please do not send any further testing results. Please delete the lead 
data from your database. 

 
F36. Would you like to be notified by email when papers or reports from this project are 
available online? 

Yes 
No 
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Appendix B: Experimental Instrument for Web 
Experiment 

SCREENING  
 
Thank you for choosing to participate in this study. Participation is entirely voluntary 
and you may withdraw from the study at any time. 
 
S01.  Please input the ID code from the top of your letter. 
There are three components to the ID code each separated by a hyphen.  
1st component of ID (treatment group) 
 1   5 
 2   6 
 3   7 
 4   8 
2nd component of ID (county) 
C 
D 
W 
3rd component of ID: links back to address 
 blank 
 
HOME AND WELL INFORMATION 
 
H1.  How would you classify your home?   
 
House 
Townhouse/Duplex 
Mobile Home 
Apartment/Condo 
Other 
 
H2.  In what year was your home built?  
Must be 1800-2009.   
 
H3.  How many years have you lived at this residence? 
 
Please round to the nearest whole number. For example, if you have lived there for 1 
year and 8 months, please enter the number two (2). If you have lived in your home for 
less than 6 months, please enter zero (0).  
Must be 0-99.   
 
H4.  Households may get their drinking water from a variety of sources. What is the 
source of your water? 
 1 or 2 skips to H11.  
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Public water (often called city water or municipal water) 
Community water provided by a private company (examples in North Carolina include 
Heater Utilities or Aqua North Carolina) 
Private wells. 
 
H5a.  What is the age of your well in years? 
Please round to the nearest whole number. If your well is less than 6 months old, please 
enter zero (0).  
 
Must be 1-200.   
 
H5b.  If you do not know the exact age of your well, please select your best estimate 
below.   
Less than 5 years old 
5-10 years old 
10-20 years old 
More than 20 years old 
 
H6.  Have you ever had your well tested for any contamination?   
 
No/ Don’t know skips to Treatment 
 
Yes 
 No 
   -1.   Don't Know 
 
H7.  When was the most recent test done?   
Within the last year 
Within the last 3 years 
Within the last 5 years 
Within the last 10 years 
More than 10 years ago. 
   -1.  Don't Know 
 
H8.   Please mark all of the contaminants that were part of the test.   
Bacteria (such as fecal coliform) 
Lead 
Arsenic 
Radioactive materials (such as Radium and Radon) 
Nitrates 
Other 
-1  Don't Know 
 
H9.   Test Results 
Did your well pass the most recent test? 1  skips to  treatment  
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 Yes 
   No 
   Don't Know 
 
H10.   test1 
What problems were detected in your well? Check all that apply.   
 Bacteria was found 
   Lead was found 
   Arsenic was found 
   Radioactive materials (such as Radium and Radon) were found 
   Nitrates were found 
   Other problems were found 
   Don't Know 
 
H11.    treatment 
Do you presently use any type of water treatment system or employ a water treatment 
service for your home? 
 
Common water treatment systems include water filters (such as Brita filters or 
refrigerator filters), water softeners, and reverse osmosis systems. A common water 
treatment services is the "Culligan Man."  
 
1 skips to Technology water consumption  
 
 Yes 
   No 
   Don't Know 
 
H12.   Reason_untreated water 
Which of the following reasons explains why you do not treat the water in your home. 
Please check all that apply.    
 
All answers skip to Water per Day 
 
 There is no problem with the water 
   Water tastes fine 
   Treatment is too expensive 
   The treatment creates other problems i.e. problems for septic tank 
   Other 
 
H13.    Technology water consumption 
Which of the following treatment systems do you currently use in your home? Please 
check all that apply.   
 Carbon filter (includes Brita filters and similar filters on refrigerator water 
dispensers, etc) 
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   Water softener (includes many water treatment services such as the Culligan 
Man) 
   Reverse osmosis 
   Ultra Violet 
   Distillation 
   Aeration 
   Other 
 
H14.   Why device 
Why do you use these treatment systems? Please mark all that apply.   
Improves the taste of the water 
   Improves the quality of water 
   It is healthier 
   It is installed, so I use it 
 Blank space 
 
H15.   Installation Cost 
How much did this water treatment system cost to install in your home? If you do not 
know, please estimate what it might have cost to install the treatment system. Please 
include the cost of the components and labor costs for installation.   
   Less than $100 
   Between $100 and 500 
   Between $501 and $1000 
   Between $1001 and $1500 
   Between $1501 and $2000 
   More than $2000 
 
H16.   Treatment Cost Confidence 
How confident are you in your estimate of the cost of your treatment system? 
 Very confident 
 Somewhat confident 
 Somewhat unconfident 
 Very unconfident 
 
H17.   Spending on devices 
How much money do you spend each year on operating and maintenance of these 
treatment systems. If you do not know, please estimate the cost of maintenance. Please 
include costs of filters, softening salts, etc?   
 Less than $100 
   Between $101 and $250 
   Between $251 and $500 
   More than $500 
 
H18.   Spending Cost Confidence 
How confident are you in your estimate of the cost of operation and maintaining your 
treatment system? 



 

 145 

 Very confident 
 Somewhat confident 
 Somewhat unconfident 
 Very unconfident 
 
BEHAVIORAL QUESTIONS 
 
B1. Water per day 
For this question, note that an 8-ounce glass is the size of a typical juice glass or half the 
size of a soda can. For this questions do not include water used in cooking, but do 
include water used in making other beverages such as coffee, iced tea, lemonade, etc. 
 
This question is about how many 8-ounce glasses of water do you and your children 
drink on a typical day. Please consider yourself and your children separately. For the 
per day total, please include water consumed in your home and elsewhere. For the per 
day at home total, please include only the water consumed at home. 
 
    Yourself  Your children 
Per Day TOTAL  Blank   Blank 
Per Day AT HOME  Blank   Blank 
 
 
B2. a. Water source 
What is the primary source of the water you drink in your home? Please answer only for 
yourself.   
 Tap water from your home that is unfiltered 
   Tap water from your home that is filtered 
   Bottled water 
 Blank 
 
b. Primary Source Children 
What is the primary source of the water that your children drink in your home?   
 Tap water from your home that is unfiltered 
   Tap water from your home that is filtered 
   Bottled water 
 Blank 
 
B3. Bottled Water Not Primary 
Does anyone in your household consume bottled water in your home at least once per 
week?  
 
No skips to Smoking  
 
Yes 
No 
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B4. Bottled Water Cost 
Approximately how much money does your household spend on bottled water each 
week? 
 Less than $5 
 Between $5 and $10 
   Between $10 and $20 
   Between $21 and $30 
   Between $31 and $40 
   Between $41 and $50 
   More than $50 
 
B5 a. Smoking  
Do you currently smoke? 

Yes 
No 

 
B5 b. ever_smoke 
Have you ever smoked?   

Yes 
No 
 

B6. Seatbelt 
How often do you wear a seatbelt when driving or as a passenger in a car? 
 Always 
 Often 
 Sometimes 
 Rarely 
 Never 
 
B7. BikeHelmet 
How often do you wear a helmet when riding a bicycle? 
 Always 
 Often 
 Sometimes 
 Rarely 
 Never / do not own a helmet 
 Not applicable / do not ride a bike 
 
B8.  Relative Health 
Relative to other people, I think my overall health is:   
 Significantly worse 
   Worse 
   The same (average) 
   Better 
   Significantly better 
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B9. Relative Risk Perception 
Relative to other people, I think my risk of getting cancer is:   
 Significantly lower 
   Lower 
   The same (average) 
   Higher 
   Significantly Higher 
 
B10. Prior Beliefs General 
How concerned are your about chemical contamination of your water? 
 Not at all concerned 
   A little concerned 
   Moderately concerned 
   Very concerned 
 
B11. Prior Beliefs Arsenic 
How concerned are you about the level of arsenic present in your water?      
 Not at all concerned 
   A little concerned 
   Moderately concerned 
   Very concerned 
 
B12. Prior Beliefs Sick 
How likely do you think it is that you will get sick from drinking water from your tap? 

Very Unlikely 
Unlikely 
Somewhat Likely 
Likely 
Very Likely 

 
B13. Prior Beliefs Cancer 
How likely do you think it is that you will get cancer from drinking water from your 
tap? 

Very Unlikely 
Unlikely 
Somewhat Likely 
Likely 
Very Likely 

 
KNOWLEDGE OF CONTAMINATION HAZARDS AND EXPOSURE PREVENTION 
 
K1. arsenic 
For each of the following, please indicate whether the statement is true, false, or that you 
do not know. 
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Please answer based on your current knowledge and without consulting other sources. 
Please do not guess. If you are unsure, mark "I do not know."   
 
Arsenic in water can cause cancer.  
Arsenic in water can cause gastro-intestinal problems such as diarrhea and vomiting. 
Arsenic in water can cause skin problems such as rashes and hives.     
If I am going to get sick from arsenic in my water, it will usually happen quickly (within 
a few hours or days of drinking the water).     
I can get sick from showering in water that has arsenic in it.   
 
K2. arsenic risk 
For each of the following, please indicate whether the statement is true, false, or that you 
do not know. 
 
Please answer based on your current knowledge and without consulting other sources. 
Please do not guess. If you are unsure, mark "I do not know."   
 
I can reduce my risk from arsenic in water by boiling the water.     
I can reduce my risk from arsenic in water by filtering.     
I can reduce my risk from arsenic in water by using a reverse osmosis system.     
I can reduce my risk from arsenic in water by using a softening system.   
 
K3. arsenic factor 
For each of the following, please indicate whether the statement is true, false, or that you 
do not know. 
 
Please answer based on your current knowledge and without consulting other sources. 
Please do not guess. If you are unsure, mark "I do not know."   
 
Runoff from agricultural or meat production can cause arsenic contamination.     
Naturally occurring substances in the ground can cause arsenic contamination.     
Human errors such as leaking underground tanks, industrial spills, etc. can cause 
arsenic contamination.  
The weather can cause arsenic contamination.   
 
 
RESPONSE TO ARSENIC 
 
E1. Setup  
Imagine the Duke University has initiated a program of comprehensive testing of 
private wells. Researchers from Duke will test private wells for free and provide well 
users with information on arsenic in their well water.  You are a user of a private well 
and have decided to allow Duke to test your drinking water for arsenic.  On the 
following page, you will be presented with the results of the test for your well. 
Following your well results, you will view other information detailing the health effects 
of arsenic in drinking water. 
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Please do your best to respond to these questions as if this is the actual source of tap 
water for you and your family.  
 
If answer H4. is 1 or 2 (i.e. uses public or community water) 
You indicated that you currently drink: 
Answer from 2: 
Tap water from your home that is unfiltered 
 
Tap water from your home that is filtered 
 
Bottled water 
 
While answering the questions, please respond as if you own a private well and  
Based on answer to 2, 
you are drinking unfiltered water from this well.   
 
you are drinking water from this well run through your current filter.   
 
you do not drink the water from this well, but only use the water for cooking.  
 
If answer to H4. is 3 (i.e. uses well water) 
You indicated that you currently drink: 
Answer from 2: 
Tap water from your home that is unfiltered 
 
Tap water from your home that is filtered 
 
Bottled water 
 
While answering the questions, please respond as if  
Based on answer to 2, 
you are drinking unfiltered water from this well.   
 
you are drinking water from this well run through your current filter.   
 
you do not drink the water from this well, but only use the water for cooking.  
 
 
Please click NEXT to view the testing results of your well.  
 
E2. ReadLetter 
We have completed the analysis of the water samples we obtained from your well. This 
notice details the findings of the test for arsenic. 
 
Amount Detected in Your Well:  ______ ppb  (Randomly assign level from the set (0.01, 
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1, 12) 
 
Version A:  Gains Frame 
 
Eliminating exposure to arsenic in your 
drinking water decreases your risk of 
developing cancer. 
 
The risk reduction from eliminating 
arsenic in your drinking water depends on 
many factors including: 
• The level of arsenic in the water 
• The amount of water you consume 
• The number of years you consume the 
water 
• The type of water treatment system you 
use 
• Your personal health history and risk 
factors. 
 
The next set of pages will provide you 
with more information on arsenic to help 
you better understand your results. 
 

Version B:  Loss Frame 
 
Continued exposure to arsenic in your 
drinking water increases your risk of 
developing cancer. 
 
The risk from arsenic in your drinking 
water depends on many factors including: 
• The level of arsenic in the water 
• The amount of water you consume 
• The number of years you consume the 
water 
• The type of water treatment system you 
use 
• Your personal health history and risk 
factors. 
 
The next set of pages will provide you 
with more information on arsenic to help 
you better understand your results. 
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E3. Arsenic—What it is and what it does 
 
Version A:  Gains Frame 
 
What is arsenic and how does it get into 
my 
drinking water? 
Arsenic is a naturally occurring semi-metal 
that is present in some types of rock. It is 
odorless and tasteless. Because it occurs 
naturally in the environment, it can be 
present in well water if the bedrock 
contains arsenic. Arsenic is also a by-
product of some agricultural and 
industrial activities and can potentially 
enter your well water from these sources. 
However, most arsenic in ground water is 
from natural sources. 
 
What are the health risks from arsenic? 
Arsenic in drinking water has been linked 
to certain types of cancer, particularly 
cancer of the bladder, lungs, skin, kidney, 
nasal passages, liver, and prostate. Studies 
have also linked long-term exposure to 
arsenic in drinking water to non-cancer 
heath effects including effects on the heart, 
lungs, immune system, nervous system, 
and endocrine system (such as diabetes). 
The health effects for arsenic are based on 
human health studies in countries with 
naturally high levels of arsenic. Health 
effects from arsenic exposure take time to 
develop. If you eliminate exposure to 
arsenic today you will not likely 
experience immediate health benefits. 
However, eliminating your exposure to 
arsenic may decrease your chance of 
developing cancer or other health 
problems sometime later in your life. 
 

Version B:  Loss Frame 
 
What is arsenic and how does it get into 
my drinking water? 
Arsenic is a naturally occurring semi-metal 
that is present in some types of rock. It is 
odorless and tasteless. Because it occurs 
naturally in the environment, it can be 
present in well water if the bedrock 
contains arsenic. Arsenic is also a 
byproduct of some agricultural and 
industrial activities and can potentially 
enter your well water from these sources. 
However, most arsenic in ground water is 
from natural sources. 
 
What are the health risks from arsenic? 
Arsenic in drinking water has been linked 
to certain types of cancer, particularly 
cancer of the bladder, lungs, skin, kidney, 
nasal passages, liver, and prostate. Studies 
have also linked long-term exposure to 
arsenic in drinking water to non-cancer 
heath effects including effects on the heart, 
lungs, immune system, nervous system, 
and endocrine system (such as diabetes). 
The health effects for arsenic are based on 
human health studies in countries with 
naturally high levels of arsenic. 
Health effects from arsenic exposure take 
time to develop. If you consume water 
with arsenic today you will not likely 
experience immediate health effects. 
However, this consumption may increase 
your chance of developing cancer or other 
health problems later in your life. 
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E4. Arsenic—Interpreting Your Results 
Version A:  Gains Frame 
A blue ribbon panel of experts* has 
estimated that the cancer risk from 
drinking 2 liters of water per day 
containing 10 ppb arsenic for 70 years is 1 
in 150. This means that if 150 people 
switched from drinking water with 10 ppb 
to drinking water free of arsenic, over their 
lifetime one fewer person out of that 150 
would get cancer. 
 
Scientists’ best estimate is that the cancer 
risk reduction from eliminating exposure 
to arsenic is directly proportional to the 
amount of arsenic in the water and the 
amount of water consumed. The table 
below provides estimates of cancer risk 
reductions for different levels of arsenic 
and different amounts of water consumed 
per day. 
 

Estimated Reduction in Cancer Risk 
From 
Eliminating Exposure to Arsenic 
Arsenic 
Level 
 

2 liters of 
Water Per 
Day (Eight 
8- 
ounce 
glasses) 
 

1 liter of 
Water Per 
Day (Four 
8- 
ounce 
glasses) 
 

20 ppb 1 in 75 1 in 150 
10 ppb 1 in 150 1 in 300 
5 ppb 1 in 300 1 in 600 
1 ppb 1 in 1500 1 in 3000 

 
 
These risk reductions are estimated for the 
average person. Your individual cancer 
risk from arsenic exposure also depends 
on your personal health history. 
 

Version B:  Loss Frame 
A blue ribbon panel of experts* has 
estimated that the cancer risk of 
consuming 2 liters of water per day 
containing 10 ppb arsenic for 70 years is 1 
in 150. 
This means that if 150 people drink water 
with 10 ppb arsenic, over their lifetime one 
additional person out of that 150 will get 
cancer due to arsenic exposure. 
 
Scientists’ best estimate is that the cancer 
risk is directly proportional to the amount 
of arsenic in the water and the amount of 
water consumed. The table below provides 
estimates of cancer risk for different levels 
of arsenic and different amounts of water 
consumed per day. 
 

Estimated Increase in Cancer Risk From 
Arsenic Exposure 
Arsenic 
Level 
 

2 liters of 
Water Per 
Day (Eight 
8- 
ounce 
glasses) 
 

1 liter of 
Water Per 
Day (Four 
8- 
ounce 
glasses) 
 

20 ppb 1 in 75 1 in 150 
10 ppb 1 in 150 1 in 300 
5 ppb 1 in 300 1 in 600 
1 ppb 1 in 1500 1 in 3000 

 
 
These risks are estimated for the average 
person. 
Your individual cancer risk from arsenic 
exposure also depends on your personal 
health history. 
 
*National Research Council (2001) Arsenic 
in Drinking Water: 
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*National Research Council (2001) Arsenic 
in Drinking Water: 
2001 Update (Washington, DC: National 
Academies Press).. 
See back panel for website. 

2001 Update (Washington, DC: National 
Academies Press).. 
See back panel for website. 
 

 
E5. Posteriors1 
a. Posterior Beliefs General  
How concerned are your about chemical contamination of your water? 
 Not at all concerned 
   A little concerned 
   Moderately concerned 
   Very concerned 
 
b. Posterior Beliefs Arsenic 1 
How concerned are you about the level of arsenic present in your water?         
 Not at all concerned 
   A little concerned 
   Moderately concerned 
   Very concerned 
 
c. Posterior Beliefs Sick 1 
How likely do you think it is that you will get sick from drinking water from your tap? 

Very Unlikely 
Unlikely 
Somewhat Likely 
Likely 
Very Likely 

 
d. Posterior Beliefs Cancer 1 
How likely do you think it is that you will get sick from drinking water from your tap? 

Very Unlikely 
Unlikely 
Somewhat Likely 
Likely 
Very Likely 

 
e.  Importance 1 
Overall, to what extent do you believe it is important that you take action to address the 
problems posed by your well water?   
 Very Unimportant 
   Somewhat unimportant 
   Neither important nor unimportant 
   Somewhat important 
   Very important 
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E6.  Arsenic—Federal and State Guidelines 
Version C:  Federal Standard 
 
What is the standard for arsenic in 
drinking water? 
 
The United States Environmental 
Protection Agency (EPA) standard for 
arsenic in drinking water is: 
 
10 ppb 
 
EPA sets standards for contaminants in 
public drinking water systems. These 
standards do not apply to homeowners 
with private wells like you. However, they 
may provide a useful reference point. 
 
EPA has stated that no known level of 
arsenic exposure is completely safe. 
However, after taking into account the cost 
and technological feasibility of reducing 
arsenic in public water systems EPA set a 
standard at 10 parts per billion (ppb). If 
you received your drinking water from a 
public source (such as a city water system) 
and the level of arsenic in the water was 
less than 10 ppb, the water system would 
be in full compliance with the law. 
 

Version D:  State Recommendation 
 
What is the standard for arsenic in 
drinking water? 
 
The North Carolina Department of Public 
Health recommendation for arsenic in 
drinking water is: 
 
0.02 ppb 
 
The North Carolina recommendation is 
based on the level of arsenic exposure 
that poses an additional cancer risk of 1 in 
1 million.  The health-based 
recommendation is that arsenic levels in 
drinking water be below 
0.002 ppb. Note that this is only a 
recommendation and public or private 
water systems are not required to meet 
this standard. 
 

 
E7. Posteriors2 
Given the standard for arsenic in drinking water and the level of arsenic in your well, 
please answer the following questions: 
a. Posterior Beliefs General 2 
How concerned are your about chemical contamination of your water? 
 Not at all concerned 
   A little concerned 
   Moderately concerned 
   Very concerned 
 
b. Posterior Beliefs Arsenic 2 
How concerned are you about the level of arsenic present in your water?         
 Not at all concerned 
   A little concerned 
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   Moderately concerned 
   Very concerned 
 
c. Posterior Beliefs Sick 2 
How likely do you think it is that you will get sick from drinking water from your tap? 

Very Unlikely 
Unlikely 
Somewhat Likely 
Likely 
Very Likely 

 
d. Posterior Beliefs Cancer 2 
How likely do you think it is that you will get sick from drinking water from your tap? 

Very Unlikely 
Unlikely 
Somewhat Likely 
Likely 
Very Likely 

 
e. Importance 2 
To what extent do you believe it is important that you take action to address the 
problems posed by your well water?   
 
 Very Unimportant 
   Somewhat unimportant 
   Neither important nor unimportant 
   Somewhat important 
   Very important 
 
E8. Arsenic—How Does My Level Compare? 
 
How does the level of arsenic in my well compare to other private wells in my 
neighborhood? 
 
Duke University has completed a comprehensive program of testing private wells in 
your neighborhood.  For the purposes of this study, please consider your neighborhood 
as other houses within one-half mile of your home.  
The average level of arsenic found in wells in your neighborhood is provided below. 
 
Average Arsenic In Private Wells in Your Neighborhood:  ______ ppb  (Randomly 
assign level from the set (0.01, 1, 12) 
 
 
E9. Arsenic—What To Do 
Version A:  Gains Frame 
Different people with the same level of 

Version B:  Loss Frame 
Different people with the same level of 
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arsenic in their drinking water may make 
different decisions about what to do. Each 
person has to weigh the potential benefit 
from reducing exposure to arsenic in 
drinking water against the financial cost of 
doing so. There are basically three options 
to consider. 
 
Option 1: Do Nothing 
You may decide that the potential benefit 
to your family from reducing exposure to 
arsenic in your drinking water is not 
significant enough to act upon. No level of 
arsenic exposure is completely safe, but 
you may feel that reducing your exposure 
will yield minimal benefits to your 
family’s health. 
 
Option 2: Reduce Consumption of Well 
Water 
Obtaining your drinking water from water 
sources that contain little or no arsenic, 
rather than from your private well, 
reduces your family’s cancer risk. Many 
popular brands of bottled water contain 
very low levels of arsenic.* Your family 
may also have access to public water at 
work, school, or other locations outside of 
your home. Recent data indicate that water 
from the cities of Apex, Cary, Durham and 
Raleigh contain no detectable arsenic. 
 
Option 3: Treat Your Drinking Water 
NSF International certifies water treatment 
systems for removal of arsenic 
(www.nsf.org). If you adopt a certified 
treatment system, you may be able to 
lower the level of arsenic in your water, 
which can reduce your family’s cancer 
risk. You may already be using a treatment 
system that reduces the amount of arsenic 
in your water. Please see the NSF website 
or contact us if you are not sure if your 
current treatment system removes arsenic. 
 
Boiling water or allowing the water to run 

arsenic in their drinking water may make 
different decisions about what to do. Each 
person has to weigh the potential risk of 
continuing exposure to arsenic in drinking 
water against the financial cost of the 
alternatives. There are basically three 
options to consider. 
 
Option 1: Do Nothing 
You may decide that potential harm to 
your family from continuing exposure to 
arsenic in your drinking water is not 
significant enough to act upon. No level of 
arsenic exposure is completely safe, but 
you may feel that continuing exposure will 
yield minimal risks to your family’s health. 
 
Option 2: Reduce Consumption of Well 
Water 
Obtaining your drinking water from your 
private well, rather than from water 
sources containing little or no arsenic, 
increases your family’s cancer risk. Many 
popular brands of bottled water contain 
very low levels of arsenic.* Your family 
may also have access to public water at 
work, school, or other locations outside of 
your home. Recent data indicate that water 
from the cities of Apex, Cary, Durham, and 
Raleigh contains no detectable arsenic. 
 
Option 3: Treat Your Drinking Water 
NSF International certifies water treatment 
systems for removal of arsenic 
(www.nsf.org). If you do not adopt a 
certified treatment system, your water may 
continue to contain arsenic, which 
increases your family’s cancer risk. You 
may already be using a treatment system 
that reduces the amount of arsenic in your 
water. Please see the NSF website or 
contact us if you are not sure if your 
current treatment system removes arsenic.  
 
Boiling water or allowing the water to run 
before drinking it does not remove arsenic. 
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before drinking it does not remove arsenic. 
 

 

 
E10. Posteriors3 
Given all of the information you have received, including the average level of arsenic in 
wells in your neighborhood, the standard for arsenic in drinking water and the level of 
arsenic in your well, please answer the following questions: 
a. Posterior Beliefs General 3 
How concerned are your about chemical contamination of your water? 
 Not at all concerned 
   A little concerned 
   Moderately concerned 
   Very concerned 
 
b. Posterior Beliefs Arsenic 3 
How concerned are you about the level of arsenic present in your water?        
 Not at all concerned 
   A little concerned 
   Moderately concerned 
   Very concerned 
 
c. Posterior Beliefs Sick 3 
How likely do you think it is that you will get sick from drinking water from your tap? 

Very Unlikely 
Unlikely 
Somewhat Likely 
Likely 
Very Likely 

 
d. Posterior Beliefs Cancer 3 
How likely do you think it is that you will get sick from drinking water from your tap? 

Very Unlikely 
Unlikely 
Somewhat Likely 
Likely 
Very Likely 

 
e. Importance 3 
To what extent do you believe it is important that you take action to address the 
problems posed by your well water?   
 Very Unimportant 
   Somewhat unimportant 
   Neither important nor unimportant 
   Somewhat important 
   Very important 
 



 

 158 

E11.  ChangesSpending 
Given all of the information you have received, including the average level of arsenic in 
wells in your neighborhood, the standard for arsenic in drinking water and the level of 
arsenic in your well, please answer the following questions: 
 
a. WaterConsumption 
Are you considering making any changes in your water consumption?   
 
 No changes 
   Drink more bottled water 
   Drink more filtered water 
   Drink more water from other sources (not bottled or filtered water) 
   Use bottled water for cooking 
 
b. Treatment_Change 
Are you considering any changes in your water treatment system because of the level of 
arsenic in your well?  
Please mark all that apply.  
 
0  skips to AbilityAs  
 
 No changes 
   Install new treatment system 
   Change maintenance schedule of existing system 
   Modified/improved existing system 
 
 
c. Installation Cost  
Are you willing to spend 
Dollar amounts randomized across participants 
 
Less than $100 
   Between $100 and 500 
   Between $501 and $1000 
   Between $1001 and $1500 
   Between $1501 and $2000 
   More than $2000 
 
 on a water treatment system for your home, in addition to what you currently spend? 
Please consider the cost of the components and labor costs for installation. 
 
 Yes 
 No 
 
d. Spending on devices 



 

 159 

How much money are you willing to spend each year on operation and maintenance of 
these treatment systems, in addition to what you currently spend? If you do not know, 
please estimate the cost of maintenance. Please include costs of filters, softening salts, 
etc.  
 
 Less than $100 
   Between $101 and $250 
   Between $251 and $500 
   More than $500 
 
E12. Timeframe 
Over what time frame do you plan on taking action to address the problems posed by 
your well water?   
 
 Not planning to take action 
   Immediately 
   Over the next month 
   1-6 months 
   6-12 months 
 
 
E13. AbilityAs 
After reviewing the information received, how confident are you in your ability to assess 
the danger (or lack thereof) presented by arsenic in your well water?   
 
 Very confident 
   Somewhat confident 
   Somewhat unconfident 
   Very Unconfident 
 
E14. InformationAs 
Please rank how relevant each of the following pieces of information were in 
determining how concerned are about the level of arsenic in your well. Rank from 1 to 5, 
with 1 being most relevant and 5 being the least relevant. If the information would be 
irrelevant, please mark “Not Relevant.”  
 
If in treatment group Federal: 
 U.S. EPA standard for public drinking water systems 
 General information on health risks 
   Specific information on cancer risk levels 
 Level of arsenic in your neighborhood 
   Other information presented 
 
If in treatment group State: 
 NC State Health-based Recommendation 
 General information on health risks 
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   Specific information on cancer risk levels 
 Level of arsenic in your neighborhood 
   Other information presented 
 
If in treatment group Both: 
 NC State Health-based Recommendation 
 U.S. EPA standard for public drinking water systems 
 General information on health risks 
   Specific information on cancer risk levels 
 Level of arsenic in your neighborhood 
   Other information presented 
 
 
AS INFO RECALL 
 
K11. arsenic 
For each of the following, please indicate whether the statement is true, false, or that you 
do not know. 
 
Please answer based on your current knowledge and without consulting other sources. 
Please do not guess. If you are unsure, mark "I do not know."   
 
Arsenic in water can cause cancer.  
Arsenic in water can cause gastro-intestinal problems such as diarrhea and vomiting. 
Arsenic in water can cause skin problems such as rashes and hives.     
If I am going to get sick from arsenic in my water, it will usually happen quickly (within 
a few hours or days of drinking the water).     
I can get sick from showering in water that has arsenic in it.   
 
K12. arsenic risk 
For each of the following, please indicate whether the statement is true, false, or that you 
do not know. 
 
Please answer based on your current knowledge and without consulting other sources. 
Please do not guess. If you are unsure, mark "I do not know."   
 
I can reduce my risk from arsenic in water by boiling the water.     
I can reduce my risk from arsenic in water by filtering.     
I can reduce my risk from arsenic in water by using a reverse osmosis system.     
I can reduce my risk from arsenic in water by using a softening system.   
 
K13. arsenic factor 
For each of the following, please indicate whether the statement is true, false, or that you 
do not know. 
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Please answer based on your current knowledge and without consulting other sources. 
Please do not guess. If you are unsure, mark "I do not know."   
 
Runoff from agricultural or meat production can cause arsenic contamination.     
Naturally occurring substances in the ground can cause arsenic contamination.     
Human errors such as leaking underground tanks, industrial spills, etc. can cause 
arsenic contamination.  
The weather can cause arsenic contamination.   
 
E15. arsenic level std 
Was your level of arsenic greater than or less than the standard for arsenic in drinking 
water? 

The level of arsenic in my well was greater than the standard for arsenic in 
drinking water. 
The level of arsenic in my well was less than the standard for arsenic in drinking 
water. 

 
E16. arsenic level neighborhood 
Was your level of arsenic greater than or less than the average level of arsenic in your 
neighborhood? 

The level of arsenic in my well was greater than the average level of arsenic in 
my neighborhood. 
The level of arsenic in my well was greater than the average level of arsenic in 
my neighborhood. 

 
DEMOGRAPHIC INFORMATION 
 
D1. NC 
Do you live in North Carolina? 
Yes 
No 
 
D2. HomeOwn 
Do you rent or own your home? 
Own 
Rent 
 
D3. What is the value of your home? 
   Less than $100,000 
   $100,000 - $150,000 
 $150,000 - $200,000 
   $200,000 - $250,000 
 $350,000 - $300,000 
   $300,000 - $350,000 
 $350,000 - $400,000 
   $400,000 - $450,000 
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 $450,000 - $500,000 
 Greater than $500,000 
 
D4. Age 
Including you, how many of the people living at this residence are:    
 
Choosing between 0, 1, 2, 3, 4, more than 4 
 
5 years old or younger    
Between 6 and 10 years old    
Between 11 and 17 years old    
Between 18 and 15 years old    
Between 26 and 40 years old    
Between 41 and 60 years old    
61 years old or older   
 
D5. Race Data 
Please check all race/ethnicities that apply to at least one member of your household.   
 White, not Hispanic 
   Black, not Hispanic 
   Asian, not Hispanic 
   Other, not Hispanic 
   White, Hispanic 
   Black, Hispanic 
   Asian, Hispanic 
   Other, Hispanic 
 
D6. Income 
What is your annual household income?   
 Less than $20,000 
   $20,000 - $30,000 
   $30,000 - $50,000 
   $50,000 - $75,000 
   $75,000 - $100,000 
   $100,000 - $150,000 
 $150,000 - $200,000 
 More than $200,000 
 
D7. Education 
What is the highest level of education received by any member of your household?   
 Less than high school 
   GED, no high school diploma 
   High school diploma 
   Some college 
   Associate degree 
   Bachelor's degree 
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   Graduate degree 
   No response 
 
D8. Media Exposure 
Which of the following sources of news do you use regularly (4 or more times per 
week)? Check all that apply   
 Local Newspaper (for example, The News and Observer, The Herald Sun) 
   National Newspaper (for example, U.S. Today, the Wall Street Journal, the New 
York Times) 
   Network TV news (ABC, CBS, NBC, FOX) 
   Cable news (CNN, Fox News, MSNBC) 
 Public Sources (PBS, NPR) 
   Internet 
   Commercial radio (including satellite radio) 
   Other 
 
D9. Optional contact information 
After finishing this survey your participation in our study will be completed. Please 
indicate below if you want to enter in to a drawing for a $200 Wal-Mart gift card.  
 
One prize will be awarded for every 50 participants.  Please note that due to IRS 
regulations, Duke University must collect names, addresses, and social security numbers 
from everyone receiving payments for participation in research studies. You will only 
need to supply this information if you are selected to win a prize. 
 
For more prompt notification, you may elect to submit your phone number or email 
address. Please note that this is optional. If you do not submit this information, we will 
contact you using the mailing address from the recruitment letter. Please click NEXT if 
you choose not to submit this information. 
 
As with all information from this study, the data will be stored at Duke in a place where 
only the research team can access it. Also, your name and address will not be used in 
any presentations or publications from this study and it will not be sold or provided to 
anyone else.  
 
If you have any questions, please contact Dr. Lori Bennear at 919-613-8083 or 
lori.bennear@duke.edu. 
 
Would you like to enter the drawing for $200 Wal-Mart gift card? 
 Yes 
 No 
 
Phone number 
  Blank 
 
Email address 
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 Blank 
 
D10. Notification 
Would you like to be notified by email when papers or reports from this project are 
available online? 
 
 Yes 
 No 
 
D11. Debriefing? 
 
While the information presented in this study was hypothetical, some people who 
participate in the study may be curious about the level of arsenic and other chemicals in 
their private well water.  The State Department of Public Health will test your well for 
arsenic for a small fee.  If you would like to have your well tested by the State, please 
contact Dr. Ken Rudo at (919) 707-5911.  In addition, many laboratories are certified by 
the State to test your well water for a variety of inorganic, bacterial, and organic 
contaminants.  You can find a list of certified laboratories by calling the North Carolina 
State Laboratory of Public Health at 919-733-7834. 
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