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ABSTRACT
This paper reviews principles from decision psychology relevant to 
understanding and increasing acceptance of urban recycled water, 
and supplements existing literature by suggesting an additional 
factor: adaptation insensitivity. We integrate into our discussion 
previously unpublished results from a study conducted in 2007, 
which surveyed 2680 respondents in five American cities, identify-
ing basic psychological features impacting resistance to recycled 
water. We focus on identifying targets for intervention, including 
the failure of respondents to realize that, with exposure, they would 
adapt to recycled water (adaptation insensitivity).
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Introduction

In the last 150 years, and especially the last 50 years, the advances of science and 
engineering have been astonishing. The human brain or mind does not advance at this 
speed. In many ways, we have a mind adapted to our ancestral environment of tens of 
thousands of years ago, in a world that is transformed from that environment in major 
ways. Germ theory was only accepted a little over a hundred years ago. Statistical 
techniques have been developed that face the human individual with floods of data, for 
example, about human diseases in the science of epidemiology. The mind is poorly 
equipped to handle this, and our educational systems lag behind our technology. In 
a world where much of science is built around probabilities, risks and benefits, these 
concepts are not routinely taught as standard parts of high school or college curricula.

So it is with water. The technology is available to relieve shortages, spare the environ-
ment, and prevent illness, but the technological solutions are often met with resistance 
based in features of thinking designed for an entirely different world.

Recent years have seen a flurry of research on acceptance of recycled water, which has 
been comprehensively reviewed in an excellent article by Fielding et al. (2018) published 
in this journal. Here, our focus will be somewhat different: specifically, we aim to bring 
attention to aspects of decision psychology not yet addressed in this literature. We will 
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describe some of the features of the ancestral human mind that shed light on public 
resistance to urban recycled water – often described as ‘heuristics’ and the ‘biases’ which 
flow from them – as well as more general aspects of information processing likely to 
impact thinking about recycled water. In the conceptual review that follows, we will refer 
to published data that support these insights, and provide additional illustration of some 
of them with our own unpublished data from a study conducted in 2007, across five 
geographically diverse cities in the USA. Clearly many things have changed in this field 
since 2007 as public familiarity with recycled water has increased in some locations in the 
face of droughts, adoption of new water technologies, and/or increased exposure to 
information about recycled water in the news. However, the unpublished results of our 
study that are most relevant to the audience of water researchers and individuals working 
in water treatment and reuse, are those that illustrate basic psychological features, and 
the relations between those and acceptance. By definition, basic psychological features 
do not change over time; this contrasts with attitudes, which can and do shift continu-
ously. Thus, the level of acceptance of recycled water will undoubtedly increase or 
decrease with changes in familiarity over time. In contrast, people’s inability to accurately 
forecast how their feelings will change in the future – a cognitive feature known as 
‘adaptation insensitivity’ – will not change. Adaptation insensitivity is a general and 
unappreciated feature of human thinking, which manifests in our data as recycled 
water resistance. Similarly, while levels of disgust may change in response to increased 
familiarity with recycled water, the relationship between disgust and acceptance of 
recycled water should not. Thus, these data remain relevant. Some methodological details 
of that study are provided in the online supplemental data, and complete descriptions of 
sample and methods are available in Haddad et al. (2009) and Rozin et al. (2015).

The ancestral human mind in the modern world: heuristics and biases

In everyday life, humans face an overwhelming amount of sensory and other information, 
which must be processed and simplified into an adaptive model of the world if they are to 
cope with uncertainty and respond effectively to immediate risks. Rapid responses are 
called for, and heuristics, or rules of thumb, are built into the organism. Let us consider 
a useful ancient heuristic, present in many animals, as well as humans, sometimes called 
the magical law of similarity: Appearance equals reality (Mauss, 1902-1972; Nemeroff & 
Rozin, 2000; Rozin & Nemeroff, 2002). If it looks like a tiger, it IS a tiger. That works quite 
well in the ancestral environment. But in our current world of images, almost surely the 
last ten ‘tigers’ the reader has seen have been images of tigers. This heuristic still dwells in 
modern, educated humans, who, for example, typically refuse to bite a piece of chocolate 
shaped to look like dog faeces, even though they know it is chocolate (Rozin et al., 1986). 
Brownish water, no matter how pure and harmless, is likely to be rejected, and clear water, 
no matter how infested with harmful microbes or toxins, seems acceptable.

The modern psychology of judgement and decision making has, in the last 50 years, 
described many of these features of the human mind. They are often described as 
heuristics, and the gaps between them and ‘normative’ thinking are biases. This field 
begins with the classic work of Amos Tversky and Daniel Kahneman. In his recent book, 
Kahneman (2011) describes this older system of decision making as System 1: fast, 
heuristic based, and heavily influenced by affect. It is still there in everyone and is often 
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useful, but sometimes maladaptive. It may be opposed, and sometimes over-ridden, by 
a slower, more effortful system, described by Kahneman as System 2. It is necessary for us 
to selectively attend to the flood of both sensory and more abstract information that 
comes our way. Selectively attending in an adaptive way is extremely important. As 
human minds attempt to develop an adaptive model of the world, supported by innate 
tendencies in information processing, many serious errors in particular contexts may 
occur. Here we review some of the major findings relevant to issues related to water 
quality and treatment.

Heuristics and biases relevant to water

Many of the features of the older system that relate to issues of food and water have been 
articulated by three of the current authors: Slovic in his work on ‘intuitive toxicology’ (e.g., 
Kraus et al., 1992) and Nemeroff and Rozin (e.g., Nemeroff & Rozin, 2000; Rozin and 
Nemeroff (2002) in their work on the laws of sympathetic magic and the intuitive 
contagion concept, and on lay understanding of nutrition (Rozin et al., 1996). The 
heuristics and biases we list here are adaptations to the ancestral environment that are 
still active in the modern human mind. For a broader summary of these and related 
matters, see the following books: Thinking and Deciding, fourth edition (Baron, 2008), The 
Feeling of Risk (Slovic, 2010), and Thinking Fast and Slow (Kahneman, 2011). We now briefly 
review the findings most relevant to the topic at hand.

Preference for simplifying dichotomies

Humans tend to prefer simple, dichotomous categories, such as good versus bad, or 
healthy versus unhealthy (a common way for people to divide foods), obese or not obese 
(with a widely accepted numerical cut off of a body mass index greater than or equal to 
30) (Kraus et al., 1992; Rozin et al., 1996). Of course, in almost all cases, the dichotomy is 
imposed on what is actually a continuum. An idea such as ‘relatively safe water’ does not 
enter into dichotomous thinking.

The monotonic mind and resistance to thinking in terms of dose-response curves

Many people believe that if something is harmful at high levels, then it is harmful at low 
levels (Kraus et al., 1992). This characterizes judgements that very low levels of sodium 
chloride are harmful, such that a salt-free (or fat-free) diet is judged to be healthier than 
a diet with a very small amount of salt (Rozin et al., 1996). Dichotomous thinking and the 
monotonic mind predispose people to not think in terms of dose response curves, which 
distinguish between the impacts on a person of lower versus higher exposures to toxins.

Difficulty in dealing with very low probabilities

Risk factors, or contaminant levels of 1/1,000,000 would not be relevant to our pre- 
agricultural ancestors, and are dealt with in often unpredictable ways by humans. They 
are sometimes ignored and sometimes exaggerated (Slovic et al., 1979).

INTERNATIONAL JOURNAL OF WATER RESOURCES DEVELOPMENT 3



The univariate mind

As a simplification of causal models in the real world, people (and many scientists) behave 
and think as if many real-world phenomena have single causes (Pettigrew & Hewstone, 
2017; Rothman & Greenland, 2005). Of course, there are examples of simple causation. But 
in terms of the threat of harmful microbes, for example, at least two issues, dose level and 
susceptibility, are relevant. The univariate mind makes it difficult to understand how, after 
a group of people are exposed to the same dose of the same microbe, some become 
infected, and some do not.

The affect heuristic

Feelings, often associated with System 1, can have a major influence on decisions. This has 
been referred to by Slovic as the ‘affect heuristic’ (Slovic, 2010; Slovic et al., 2004). In some 
circumstances, feelings can be good guides to choice, but there are obvious cases where 
they run opposite to real risks. Disgust and fear are the two emotions most associated 
with attitudes to water related risks.

Disgust is a common emotion, probably evolved to deal with risky, microbially con-
taminated foods (see Rozin et al., 2008, for a review). It is often powerful and may motivate 
costly avoidance of healthy entities. In our 2007 study (Haddad et al., 2009), 421 respon-
dents completed the survey version that included a general measure of disgust (there 
were seven versions of the survey; see the online supplemental data for details). None of 
the items on the measure are directly related to water purification. Individual sensitivity to 
disgust was correlated with willingness to try recycled water, but only very modestly 
((r = −.16, p <.001), broadly consistent with Ching’s (2016) finding that individual patho-
gen sensitivity did not predict willingness. This does not appear to capture the apparent 
importance of disgust for recycled water rejection, however. ‘Toilet to tap’, one of the 
major, effective mottos of recycled water opposition, directly implicates disgust. The item 
closest to this motto is on another form of our survey: ‘Recycled water is disgusting’, 
measured on a five point agree-disagree scale. Only 14.7% of 393 respondents agreed 
with this statement, however, the agreement score correlated strongly with willingness to 
consumer recycled water, at r = −.42 (p < .001). More thorough presentation of these 
results may be found in the 2015 article we published on this subject (Rozin et al., 2015). 
This pattern is consistent with Wester et al.’s finding that anticipated disgust at recycled 
water was a strong predictor of willingness to use it, controlling for generalized individual 
pathogen sensitivity, which was not a predictor.

Wester et al. (2016) further attempted a brief intervention cast in either cognitive, 
affective, or neutral terms, to reduce disgust and presumably increase willingness. 
Although both the cognitive and affective interventions reduced reported anticipated 
disgust as compared with the control, the interventions did not increase willingness. In 
speculating as to why, they noted the discrepancy between survey respondents’ free 
responding, which largely failed to generate ‘disgust’ as a reason for unwillingness, versus 
responses to structured questions about disgust, which emerged as the most powerful 
predictor of unwillingness. They discuss the challenges of accessing emotion-based 
motivations that may be automatic and below the threshold for awareness, in self- 
report instruments, and contrast the slower, considered response to a survey question 
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with the more immediate anticipated disgust response. We have referred elsewhere, in 
our work on the intuitive (‘magical’) contagion concept, to the ‘head versus gut’ conflict 
that commonly occurs (e.g., Nemeroff & Rozin, 1989, 1994, 2000) and the role of implicit 
(i.e., not fully conscious) processes that influence behaviour. While Wester et al.’s inter-
vention may have decreased consciously experienced disgust by focusing attention else-
where, participants’ may still be feeling disgust at the gut level.

Contagion

One feature of disgusting entities (such as faeces or cockroaches) is that they follow the 
magical law of contagion (or, contagion heuristic): ‘once in contact, always in contact’ 
(Mauss, 1902-1972; Nemeroff & Rozin, 2000; Rozin & Nemeroff, 2002). That is, if 
a disgusting entity physically contacts a target entity, that entity becomes contaminated. 
Thus, when a dead cockroach contacts a glass of acceptable juice or water, that fluid 
becomes unacceptable to drink. Of course, there is a possibility of microbial passage into 
the fluid from the brief contact, but essentially the same negative contagion response 
occurs when the contaminant is a cockroach that has been heat sterilized, so that it is free 
of live microbes (Rozin et al., 1986). Mental models of contagion include both a ‘physical’ 
germ conception, and also a ‘spiritual’ conception (Nemeroff & Rozin, 1994). With spiritual 
contagion, physical transformations like filtering or boiling are ineffective in significantly 
reducing negativity.

There is no published measure of general contagion sensitivity (though we have 
a submitted one), but in our 2007 study, the most relevant finding comes from partici-
pants’ ratings of willingness to drink water of different levels of treatment. Assuming they 
were thirsty, and that all the water except raw sewage water and boiled sewage water 
looked and tasted the same, they rated their willingness on a 10 point scale (0 = totally 
unwilling, 10 = totally willing). Unsurprisingly, the most contaminated entity was ‘raw 
sewage water’ (mean willingness = 0.46), and the most acceptable was commercial 
bottled water from a spring (mean willingness = 9.15); in general, the more processing 
(e.g., filtering, boiling-evaporation-condensation, etc.), the more acceptable the water. 
However, what was most revealing was the relation of acceptance to water purifications 
plotted against their initial willingness to drink recycled water (measured on the first page 
of all survey forms, response scale = yes, uncertain, no). Among those initially unwilling, 
willingness increased only minimally with more treatment until the stage of tap water is 
achieved – which is a delivery method, rather than a purification. Even boiling, evaporat-
ing, and condensing the water – which is pure water! – had no appreciable effect on 
willingness, reaching only 1.29 on the 10 points scale. In contrast, the other two groups 
(‘uncertain’ or ‘yes’) showed gradually increasing – albeit still guarded – willingness with 
more treatment (see Haddad et al., 2009; Rozin et al., 2015, for additional detail.) The good 
news here is that in the U.S., the success of municipal water supplies has led people to 
associate tap water with pure, drinkable water, even to some extent those unwilling to 
drink treated water that was originally from a polluted source.

It is worth noting that the law of contagion, if followed to its natural extreme, would 
make it impossible to live. Virtually everything has touched something disgusting in the 
past. The geologist Robert Giegengack has calculated that everyone who drinks a glass of 
water in Europe will consume at least a few water molecules that have passed through 
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Adolph Hitler, who is a prime source of disgust for almost all people (Giegengack, 2012). 
People manage to negotiate a contaminated world by a range of processes, including 
denial, inattention, rationalizations, and ‘rules’ that explicitly exempt very low levels of 
contamination. For example, the Hebrew dietary laws hold that if a non-kosher entity falls 
into otherwise kosher food, by accident, and constitutes less than 1/60th of the total 
volume of the kosher food, the food remains kosher (Nemeroff & Rozin, 1992). ‘Toilet to 
tap’ campaigns are probably able to bring about sudden shifts from neutrality or mild 
acceptance to rejection, by circumventing denial and inattention. No research thus far has 
evaluated the potential utility of an explicit rule-system for delimiting concerns in the 
context of recycled water.

Morality, moralization and sacred values

Moral psychology is a relatively new field. Psychologists are discovering more and more 
ways in which moral concerns enter lay decisions (Greene, 2013; Haidt, 2007). One way is 
through belief in protected (Baron & Spranca, 1997) or sacred (Tetlock, 2003) values: 
values held by people that are not subject to compromise by facts. People endorse their 
support for such values, for example, by holding that they oppose a particular process 
(e.g., selling body organs, or genetically modifying food) ‘no matter how minimal the risks 
and great the benefits’. We have found that a great majority of French and Germans hold 
this view about genetically modified foods, perhaps because they treat nature as a sacred 
value, at least in some contexts (Scott et al., 2016).

We are at present uncertain as to whether there are moral components in opposition 
to water treatment. However, some data from our 2007 study (Haddad et al., 2009; Rozin 
et al., 2015) are suggestive. One form of the survey included the following item: ‘It is 
impossible for recycled water to be treated to a high enough quality that I would want to 
use it’ (1 = disagree strongly to 5 = agree strongly). Of respondents who answered this 
question (N = 379), 9.5% endorsed ‘agree strongly’ and 13.5% ‘agree.’ The ‘impossible to 
purify’ item correlated with initial willingness −.32. Thus, for a minority of individuals, 
perceived water contamination is essentially indelible, and a wide range of water treat-
ments are ineffective. This makes the reaction of at least some opponents look like other 
cases of violations of a sacred value, where risks and benefits are irrelevant. They seem to 
behave as if contaminated water is ‘spiritually’ fouled, so that it cannot be made accep-
table. Of course, at least some of these people drink tap water, and all drink bottled water 
of some type, all of which originated as contaminated water from a human health 
perspective, but through some process of denial – perhaps framing, discussed below – 
this fact does not occur to them in the act of drinking.

Natural preference or bias

Misinformation is particularly important, in many public health circumstances, when it 
relates to natural versus processed entities. There is a widespread lay belief, at least in 
Western-developed countries, that natural things are good and safe, and things acted 
upon by humans (e.g., with additives or other forms of processing) are bad and less safe 
(Rozin et al., 2012). This natural preference, or view of the benevolence of nature, has no 
basis in fact. Overall, natural entities can be either beneficial or harmful. However, 
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potentially contaminated mountain stream water is seen as natural and pure, while there 
are many suspicions about ‘processed’ water, which is often safer than natural water. The 
pronatural movement is growing in the Western world. One manifestation of this is the 
strong opposition to genetically modified foods, especially in Western Europe (Lucht, 
2015). There is no evidence that these foods are harmful, and there are potential benefits. 
People are content with domesticated foods, such as corn, subject to millennia of human 
intervention, and treat them as natural. But single gene manipulations are treated with 
fear and disgust (Rozin, 2006) and are even considered immoral (Scott et al., 2016). 
Fielding et al. (2018) present a relevant review of attitudes to genetically engineered food.

General human information processing tendencies relevant to water quality 
and treatment

Cognitive heuristics and biases are described as time and effort saving cognitive rules of 
thumb, or mental ‘shortcuts.’ Several other aspects of human information processing are 
relevant here that do not fit this description. We refer to these as general human 
information processing tendencies.

Problems in learning from past experience

Once people form a conviction, they seek more evidence to support that conviction, and 
tend to ignore or downplay counter evidence; they also interpret ambiguous information 
in accordance with their conviction. This is called confirmation bias. It was first described 
by Wason (1960) in context of an experimental procedure in which participants needed to 
determine a simple predictive rule. Once participants were led to believe in a particular 
rule in initial trials, they had tremendous difficulty realizing that it was false when later 
trials did not conform to it. Confirmation bias is a ‘ubiquitous phenomenon’ (Nickerson, 
1998). Meppelink and colleagues recently explored confirmation bias in relation to beliefs 
about vaccination and strategies for seeking out online information (Meppelink et al., 
2019). They found that participants with positive vaccination beliefs selected more 
positive messages, and evaluated them as more credible, useful, and persuasive than 
negative messages; conversely, participants with negative vaccination beliefs selectively 
sought out and accepted negative messages. There is growing concern about the 
tendency of artificial intelligence news filter algorithms to exaggerate such biases.

While confirmation bias has not been explicitly studied in relation to recycled water, we 
would not expect this domain to be uniquely exempt from its effects.

Underappreciation of the importance of framing

Context, or framing, has a major influence on how people make decisions. For example, 
people rate a 5% fat diet as less healthy than a 95% fat free diet. Framing is powerful and is 
used heavily in advertising. People are easily persuaded by specific framings, and don’t 
realize how important context is (Lichtenstein & Slovic, 2007; Tversky & Kahneman, 1981). 
With respect to describing water treatment, use of words that refer to sewage, such as 
‘waste’ or ‘toilet to tap’ provide a framing that focuses on origin as opposed to purity, and 
promotes rejection (Macpherson & Slovic, 2011; Macpherson & Snyder, 2013). Examples of 
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at least three different frames occurring in the same news sub-headline related to 
a proposed direct potable reuse project in Big Spring, Texas: ‘Don’t think you’d drink 
water recycled from pee? Well, you may not have a choice. Processed waste water is totally 
clean and is the best solution for cities faced with water crises.’ (Schwartz, 2011). With each 
sentence, the selection moves from the framing of magical contagion, to flooding to 
overcome resistance, to assurance that recycled water is good.

In our 2007 study, we compared two different framings in the form of persuasive 
paragraphs on two different forms of the questionnaire. One was modelled on the idea of 
‘flooding’ in behaviour therapy. Flooding involves direct and continued exposure to 
a negative entity, eventually resulting in acceptance. For the case of recycled water, we 
introduced the idea that all water is contaminated, and then assessed respondents’ 
willingness to consume recycled water using our 0–10 scale. Respondents were asked 
to rate their willingness to drink certified safe recycled water just before and just after 
reading the following paragraph:

Every time you take a breath of air, “used” air goes into your body. The molecules in this air 
were just breathed out by the people around us, and have gone in and out of lungs for 
thousands of years. Yet we manage to breathe it easily, and not to be bothered by it. Every 
drop of water in this world is recycled, just like our air, whether it is used to bathe, drink, cook, 
or irrigate. Every water molecule, or its hydrogen and oxygen atoms, has been around since 
time immemorial and will stay here long after we have gone. Every time we take a sip of water 
the molecules that have passed through millions of people, including the likes of Adolf Hitler, 
pass through our own bodies. At an earlier point, rainwater that lands in a river was flushed 
down a toilet. By comparison, recycled water can be so pure after it has been processed that 
minerals have to be added back in to stop the water from drawing minerals out of water 
pipes.

This paragraph changed respondents’ rated willingness to drink certified safe recycled water 
from a mean of 6.99 to 7.37 (mean difference = .29, s.d. = 1.10, t(383) = 5.185, p < .001). 
Overall, however, 76% of subjects showed no effect, with 20% showing greater acceptance. 
The critical unwilling group (N = 42 on this form) showed the smallest change (.12), which 
was not significant, but in the predicted direction.

The second framing intervention (on a different form of the questionnaire) was 
a paragraph emphasizing the purity, safety, and in a sense, naturalness of recycled water. 
The purity message, read as follows:

Recycled drinking water is pure and safe. It is the product of natural processes and human 
ingenuity. Scientists discovered how rivers, springs, and sunlight purified water and then 
engineers re-created the same processes at water treatment facilities. But we humans took it 
a step further. We minimized the variation and risks in the natural processes. And we installed 
multiple barriers and warning systems so that we could stop dangerous water from reaching 
peoples’ homes. The result is pure, safe, recycled drinking water.

This paragraph changed rated willingness to drink recycled water from a mean of 6.16 to 
6.50 (mean diff = .34; p < .001). Again, however, 74% of subjects showed no effect, while 
21% showed greater acceptance. In this case, the movement of the unwilling respondents 
(n = 73) was about the same (.53 change) as the uncertain respondents (.52 change).

With both framing interventions, we produced a small but significant increase in 
willingness to drink recycled water. On the one hand, the exposure here was to only 
one paragraph, a minimal intervention. One cannot argue that a longer-lasting change in 
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attitude towards recycled water occurred as a result of one brief intervention. On the 
other hand, a recorded change occurred immediately after reading the paragraph. 
Knowing that such brief interventions can have any impact suggests that the impact of 
repeated exposure may be more powerful and long-lasting. These and other techniques 
have been used successfully in the Singapore NeWater introductions and have been 
adopted as part of field trips and learning centres in other cities considering or imple-
menting recycled water projects. Momentary shifts in reported attitudes or emotions 
based on single exposures to framing interventions are unlikely to persist over time, or to 
shift deeper attitudes or concerns. However, a longer-term, coherent and unified narrative 
based on a particular framing is likely to be able to shift the ‘social and mental construc-
tions around water,’ as described by Ching (2010, 2016)) in his analysis of media and 
government communications in Singapore versus Australia.

Underappreciation of adaptation

People are largely rooted in the present, focused on coping with the immediate situation. 
Furthermore, when considering the future, humans heavily weight the near future over 
the far future; a robust research literature explores the nature of the time-preference (e.g., 
Loewenstein & Elster, 1992). Future threats and opportunities are assessed in terms of 
present feelings and judgements. This leads to a vast underappreciation of adaptation, 
that is, the phenomenon whereby people return quickly to a stable level of happiness 
following significant good or bad events. ‘Hedonic adaptation,’ also known as the ‘hedo-
nic treadmill,’ is the term used to describe the fleeting nature of changes in happiness or 
unhappiness resulting from major life events such as winning the lottery; ‘hedonic’ refers 
to the pleasure-pain spectrum. Simply put, these changes do not last. People actually get 
used to most things, though not all (Frederick & Loewenstein, 1999). But being unaware of 
this phenomenon, they project their current reaction into the future, assuming it will 
continue. The classic studies of this, by Brickman and colleagues (Brickman & Campbell, 
1971; Brickman et al., 1978), has people assess the happiness of individuals who within the 
last year had a major negative event (permanent neck down or waist down paralysis) or 
a major positive event (winning a large lottery). Participants judge that a year later those 
who experienced the negative event will be very unhappy, and those who experienced 
the positive event, very happy. When actually measured, lottery winners are happier than 
those with a major paralysis, but by only about 1 point on a seven-point happiness scale. 
People get used to things. But they are unlikely to appreciate in advance how much this 
will occur – for example, how much their current negative feelings about drinking water 
that has passed through a city and then been reclaimed will abate following continued, 
uneventful exposure to that water.

Results of our 2007 study (not previously reported elsewhere outside of a technical 
report, Haddad et al., 2009) indicated that respondents markedly underestimate the 
degree to which they will become accustomed to drinking recycled water. Less than half 
of respondents believed that, if they had no choice but to drink recycled water for an 
entire year, they would feel any increased willingness to drink it by the end of the year. 
In two questionnaires using two different metrics of adaptation, we asked about 
adaptation to drinking recycled water for one day versus one year. One form asked 
the following:
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“What would happen if you had no choice but to drink recycled water that is certified safe? Of 
course you would drink it, to stay alive. After drinking this water for one day, how willing 
would you be to drink it?

“After drinking this water for one year, how willing would you be to drink it?”

(0 = totally unwilling; 10 = totally willing)

We (and others) have found that responses can be exquisitely sensitive to specific 
wording, differing with even closely related constructs. Therefore, on the second version 
of the questionnaire, we repeated the ‘willingness’ question but changed the word 
‘willing’ to ‘comfortable,’ on the logic that one can be willing to do something even if it 
is uncomfortable. The rating scale was adjusted for this change:

“Rate how comfortable (0 = not comfortable at all to 10 = completely comfortable) you would 
feel about drinking tap water that has been certified safe for drinking if you had the following 
knowledge about the water.”

For both rating scales, we eliminated individuals who initially scored “10”, maximum will-
ingness or comfort, since they could not possibly show any adaptation. The mean increase in 
willingness from one day to one year exposure was .92 (s.d. = 1.89; t(226)=7.373, p<.001), with 
46% showing an increase. For the comfort rating, 48% showed increased comfort, with the 
mean increasing 1.10 (s.d. = 2.31, t(311) = 8.421, p<.001). Thus, although there was a modest 
and significant mean increase in predicted adaptation on both measures, for both measures 
about half of respondents predicted no adaptation at all.

We continued this analysis by dividing the respondents into the three basic groups 
related to initial acceptance of recycled water (No, Uncertain, Yes) (see Table A1 in the 
online supplemental data for distribution). For willingness, the failure to predict adapta-
tion was higher in the Unwilling group than in the other groups (Table 1). Most critically, 
a majority of respondents failed to appreciate that any adaptation to drinking recycled 
water will occur over one year.

Gilbert and Wilson (2000) describe this phenomenon as a failure of accurate affective 
forecasting. The problem, they argue, is that in using feelings in the moment to predict 
feelings in the future, we fail to take into account that the imagined future event will not 
occur in isolation, but rather within a broader life context. We fail to compare or 
contextualize the imagined future event within the broader frame of life at that future 
time. Therefore, we overestimate the duration of emotional reactions to future events (the 

Table 1. Failure to appreciate adaptation over one year of exposure to RC water.
Item N % no adaptationa

Willing
No 37 75.7%
Uncertain 117 50.4% Uncertain vs No X

2 = 7.29 p <.01b

Yes 73 49.3% Yes vs No X
2 = 7.01 p <.02b

Comfort
No 41 51.2%
Uncertain 149 48.2% Uncertain vs No, n.s,
Yes 127 48.0% Yes vs No, n.s,

aRespondents with a score of 10 after one day were eliminated, since they could show no 
adaptation. No adaptation means the rating after one year minus the rating after one day ≤0. 

bP’s for chi-squares are 2 tailed.
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‘durability bias’) as a result of ‘focalism,’ i.e., overfocusing on the event rather than 
considering it in the context of everything else. Construing adaptation insensitivity as 
a result of focalism suggests a possible solution to it: engaging in the mental exercise of 
drawing attention to everything else that will likely be going on at the future time point 
(in other words, creating an imaginal context). This might allow for the water to be seen as 
less salient and therefore less negative.

Gilbert and Wilson (2000) further note that people are generally unaware of how easily 
we engage in psychological mechanisms to defend our psychological well-being, and 
therefore, we expect our affective reactions to be much more enduring than they are. If 
this is indeed a basis for adaptation insensitivity, informational interventions might prove 
helpful.

Discussion

The frustration of scientists/practitioners in water treatment is that technology exists to 
efficiently produce drinking water directly from waste-water, but there is public resis-
tance. Since few of the contributors to this important area are psychologists, particularly 
decision/risk psychologists, we reviewed what decision psychology knows that would be 
informative to water acceptance researchers. Fielding et al. (2018) have recently provided 
us with an excellent summary of the work in this area. Our paper might usefully serve as 
a supplement to their review, drawing attention to important aspects that remain largely 
unaddressed.

One such aspect is the key role played by heuristic-based thinking in directing human 
decision-making under everyday conditions such as uncertainty, incomplete information, 
and information overload. These mental shortcuts generally do well enough to allow for 
effective functioning in everyday life. But they lead to systematic departures from ‘ration-
ality’ which can be detrimental in some cases. Recycled water, with its history of having 
been sewage or wastewater, is ideally suited to trigger many of these heuristics and 
biases.

The tendency to think in dichotomous terms rather than continua no doubt leads 
many people to conceive of water as either completely pure and safe, or contaminated 
and unsafe, rather than in terms of degrees of purity and safety. Coupled with the inability 
to appropriately interpret very low probabilities, this can translate into overreactions to 
remote or minimal risks, and an inability to locate risks relative to each other in a way that 
would allow for appropriate cost-benefit analyses.

The contagion heuristic adds to this the perception of contamination as permanent, 
indelible, while univariate thinking can result in focusing on a single perceived threat at 
a time, to the exclusion of recognizing other factors that might worsen or mitigate the 
threat. Evaluation of threats in terms of contextual factors, or the potential for cumulative 
or complex risk status due to multiple, interacting factors, are counterintuitive.

Several of these features appear to converge in the current public concern around 
PFAS, commonly referred to now as ‘forever chemicals.’ While PFAS certainly warrant 
attention, public reactions generally fail to take into account the very low levels being 
detected (Sinclair et al., 2020) (low-probability risks), and their relative risk as compared 
with other common localized contaminants such as arsenic, as a determinant of how 
much relative effort and monies should be allocated for purification technologies (Risser, 
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2019) (monotonic and univariate mind). The fact that these substances are the product of 
technology rather than naturally-occurring might also play in here to make them seem 
particularly heinous (natural preference), while focusing on their permanence evokes 
contagion-based thinking and therefore possibly disgust. And in our current societal 
context of mistrust for government and regulatory agencies (Rainee et al., 2019), the 
affect heuristic may add to the negativity of responses in any case where regulatory 
agencies are involved. Understanding the specific cognitive bases for misperceptions and 
inappropriate reactions should allow us to target them directly in interventions, or better 
yet, avoid evoking them in the first place, through effective communication and presen-
tation of information.

We wish to draw particular attention to a previously unaddressed phenomenon: 
‘adaptation insensitivity.’ Most lay Americans do not appreciate the fact that they 
would, over time, adapt to consuming recycled water, eventually finding it familiar and 
unobjectionable. Most people will use their initial response to recycled water as diag-
nostic of their eventual response after exposure. This can constitute a major aspect of 
resistance, however there may be intervention strategies that can combat this tendency.

Intervention strategies do appear to have met with some success in addressing 
‘framing.’ While we have done very little work on water acceptance in respect to framing, 
it has appeared a number of times in the prior literature. Naming is a form of framing, and 
a number of researchers have focused on names and contextualizing (framing) water use. 
Macpherson and Slovic (2011) explicitly consider the importance of names for recycled 
water and avoiding the image of wastewater. Haddad et al. (2009) report increased 
acceptability for water labelled as ‘recycled water’ as opposed to ‘treated wastewater’. 
Macpherson and Snyder (2013), in creating interventions to improve acceptance, note the 
importance of avoiding an exclusive focus on the last state of water before treatment, and 
introducing part of the water cycle, with downstream and upstream included in the 
descriptions. This seems to have been successful. Similarly, there may be some virtues 
in confronting the wastewater origin of treatment, as has been successfully done in the 
Singapore NeWater facility, and in some interventions employed by Lohman and Milliken 
(1985). In our 2007 study, our two brief, single-paragraph framing interventions had 
modest effects, considerably less than in some other interventions (e.g., Lohman & 
Milliken, 1985; Macpherson & Slovic, 2011; Macpherson & Snyder, 2013). Momentary shifts 
in reported attitudes or emotions based on single exposures to framing interventions are 
unlikely to produce lasting or deep impacts. However, the fact that they have any impact 
at all suggests that repeated exposures woven into a consistent narrative are worth 
pursuing.

The great majority of research on persuasion interventions in social psychology, and 
many on water acceptance, involve exposure to a few paragraphs of text, followed by an 
immediate measure of attitudes. The attitudes are either compared to the same persons 
before the intervention or to control subjects not exposed to the intervention. These 
designs, including our own, can both under – and over-estimate the potency of interven-
tions. One source of overestimation is ‘demand’ effects. Respondents often sense a desire 
by the study/questionnaire authors to see an effect of their interventions/paragraphs, and 
some subjects may comply. Another source of possible overestimation is that attitude 
assessments occur almost immediately after interventions. Fielding et al. (2018) note that 
an attempt to generate ‘inoculation’ against negative messages about recycled water was 
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unsuccessful, but instead demonstrated clear recency effects (see also Kemp et al., 2012). 
That is, acceptance was affected by the last information to which people were exposed. 
On the other hand, the minimal nature of typical interventions, often a few paragraphs 
read on a single occasion, may lead to an underestimation of the potential of the 
intervention.

Ideally, to maximize effects, major multi-media interventions should be spread over time, 
presented with a consistent and coherent voice coming from credible sources, and be 
assessed after a substantial delay. Effects that last hours are of no interest, unless they can 
induce consumption on the spot, which may itself translate into more acceptance.

As in a number of prior studies in our work on contagion and disgust, our 2007 study 
identified a small group of people who are intransigently opposed to consuming recycled 
water. This group is small enough that it might not be a barrier to installation of modern 
recycling technology, if group members do not care enough about the issue, and do not 
have resources to hire lawyers, etc. Unfortunately, some of these groups do have motiva-
tion and financial resources, and a good motto, ‘toilet to tap.’ The easiest way to deal with 
this minority may be to let them ‘opt out’ of the water system by drinking bottled water. 
Although there are public resistance barriers to recycled water, the situation is much more 
promising than promoting acceptance of genetically engineered food. There, a large 
minority of Americans and strong majority of western Europeans are opposed, and 
much of the opposition is morally based, and hence difficult to change (Scott et al., 
2016, 2018).

Water shortages are increasing and we have the technology to substantially reduce 
them. The field of water acceptance has made real progress in understanding resistance 
to water recycling and intervening to reduce that resistance. However, much work 
remains to be done. We hope that our collaboration between a water economist and 
psychologists has made some advance in this vital enterprise,
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