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“How did humans approach medicine before it became the effective science it is today? 

 The historical record is clear and consistent. Across all times and cultures, people 

have been eager for medical treatments even without good evidence that such treatments had 

therapeutic benefits, and even when the treatments were downright harmful. But what these 

historical remedies lacked in scientific rigor, they more than made up for through elaborate 

demonstrations of caring and support from respected, high-status specialists.” 

Kevin Simler & Robin Hanson  

The Elephant in the Brain 

 

“[Q]uackery isn’t always about pure deception. Though the term is usually defined as the 

practice and promotion of intentionally fraudulent medical treatments, it also includes 

situations when people are touting what they truly believe works. But behind every 

misguided treatment—from Ottomans eating clay to keep the plague away to Victorian gents 

sitting in a mercury steam room for their syphilis to epilepsy sufferers sipping gladiator blood 

in ancient Rome—is the incredible power of the human desire to live.” 

Lydia Kang & Nate Pederson, 

Quackery, A brief History of the Worst Ways to Cure Everything 

 

 “[Conservationists] are not in the business of supporting superstition”  

 — Responding to whether we should support the farming of rhino horns. 

Sir David Attenborough  

Conservation Science Conference, Cambridge University  
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Abstract 

Consumer demand for alternative health remedies persists despite the absence of 

scientific evidence for their efficacy or safety. In fact, there is mounting evidence that 

consumption of many alternative health remedies causes extensive harm to both individuals 

and society. A particularly destructive example is the demand for health remedies containing 

parts of endangered plants and animals (e.g., rhino horn, tiger bone, rare orchids). The 

demand for such products fuels an unsustainable, and often illegal, trade that is pushing many 

species towards extinction. One explanation for why many consumers are willing to pay for 

such products relates to the underlying cognitive mechanisms that make us susceptible to 

fraudulent health claims—false or misleading claims used to promote remedies that are 

untested, ineffective, or harmful. This thesis explores the psychology of fraudulent health 

claims, presenting a novel taxonomy of interventions to overcome psychological barriers 

impeding desirable behaviours. Using this taxonomy, the thesis then experimentally tests the 

impact of tactics used by fraudsters and psychologically-informed interventions to help 

protect consumers. 

I found evidence that several cognitive mechanisms can be manipulated to influence 

consumers’ willingness to pay for ineffective health remedies. First, I focussed on the illusion 

of causality, that is, perception of a causal relationship between an action and a subsequent 

but unrelated outcome. I found that this effect can be manufactured by giving consumers only 

half the information they need to make causal judgements (i.e., providing only the number of 

people who use a product and report a benefit but not the number of people who do not use a 

product but still report a benefit). I also found that providing a simplified contingency table 

that provides the “full picture” reduces demand for an ineffective dietary supplement. In a 

series of follow up experiments, I replicated these results and found that this intervention can 

be further strengthened by also countering consumers’ misperceptions that dietary 

supplements are harmless, through a fear appeal. Using an innovative experimental auction, I 
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showed that these two interventions combined reduced willingness to pay for an ineffective 

product by ~50%.  

Furthermore, the thesis explored the impact of combining multiple fraudulent tactics 

into one piece of sophisticated misinformation. Testing how such misinformation can be 

combatted, I found that evidence-based refutations that explain the tactics used by fraudsters 

were more effective than “diplomatic” refutations typically used by health authorities at 

reducing willingness to pay for a spurious remedy. Using another novel measure of consumer 

behaviour, I also explored consumers’ willingness to share the misinformation via social 

media. I found that misinformation exposure boosts subsequent misinformation sharing, but 

that evidence-based refutations were able to completely reverse this effect, thus offering a 

key intervention to neutralise the spread of misinformation through social networks.  

As well as conducting research into the psychology of health fraud, this thesis also 

documents my attempts to understand the potential of interventions aiming to reduce 

consumer demand for wildlife products. Given the paucity of scientific evidence in the 

conservation space, the thesis includes a meta-review of the evidence for interventions to 

reduce demand for harmful products more broadly (e.g., alcohol, cigarettes, illicit drugs). 

This section of the thesis integrates lessons from a diverse literature into guidelines to help 

conservation practitioners better design demand-reduction interventions for consumers of 

overexploited wildlife products.  

The evidence generated by this thesis is then applied to a conservation problem that 

was amplified by the COVID-19 pandemic, viz. the misguided persecution of bats. I 

contextualise the actual health risks before outlining guidelines for debunking 

misinformation, counteractive negative associations with bats, and altering harmful social 

norms. This additional work illustrates the interconnectedness of the major themes of this 

thesis—namely, human psychology, wildlife trade, consumer demand, misinformation, and 

persuasive communication.  
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In sum, this thesis aims to provide a better, theoretically grounded, understanding of 

why consumers are susceptible to fraudulent health claims, to demonstrate empirically which 

interventions work to protect them, and to provide evidence-based guidance for practitioners 

to better design demand-reduction interventions.   
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Preamble 

This thesis is presented as a series of empirical and theoretical papers that have been 

published or have been written in manuscript format. One integrative theoretical review paper 

has been published in a peer-reviewed journal (Chapter 2). Two empirical papers have been 

published in peer-reviewed journals (Chapter 3 and Chapter 4). One empirical paper is under 

review in a peer-reviewed journal (Chapter 5). The systematic review paper is under review 

in a peer-reviewed journal (Chapter 6). The theoretical perspective paper has been published 

in a peer-reviewed journal (Chapter 7). To facilitate review, literature references for in-text 

citations can be found either directly after each chapter or at the end of each of paper. 

Supplemental materials to each paper have been included in the appendices. As the 

manuscripts were written as independent works, several definitions and themes are presented 

multiple times throughout the thesis. 
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Chapter 1: Overview   

1 
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1.1 Introduction 

Beliefs about the health benefits of consuming wildlife products (e.g., rhino horn, 

shark fins, medicinal orchids) help to drive a complex and multibillion-dollar black market 

for plant and animal products (Graham-Rowe, 2011; Margulies et al., 2019; Moreto & 

Lemieux, 2015; Truong et al., 2015). The illegal trade in wildlife products for use in 

traditional “medicine” encompasses the exploitation, and often overexploitation, of hundreds 

of species, including many that are threatened with extinction (Margulies et al., 2019; Phelps 

et al., 2016; Tali et al., 2019). This trade is not only a major driver of biodiversity decline 

(Maxwell et al., 2016; Rosen & Smith, 2010) but is also an ongoing risk to global public 

health. Whether during capture, trade, or consumption of animals and animal products, the 

illegal wildlife trade facilitates opportunities for outbreaks of zoonoses (Johnson et al., 2015; 

Spevack, 2020)—infectious diseases that spread from animals to humans—and thus is a 

suspected cause of the current COVID-19 pandemic, which has resulted in over 950,000 

deaths, as of August 2020 (Oxford Martin School, 2020).  

Widespread beliefs in the health benefits of consuming wildlife persist despite several 

key oversights. First, the efficacy of wildlife products for treating disease has rarely been 

established (Costa, 2012; Hinsley et al., 2017). Second, multiple forensic investigations have 

found an alarming proportion (as high as 90%) of traditional remedies contain undeclared 

substance including toxic elements (e.g., arsenic, mercury, lead), which can cause serious 

illness and even death, and potent pharmaceuticals (e.g., warfarin or paracetamol), which 

may explain why some remedies are thought to work (Blacksell et al., 2014; Byard, 2010; 

Coghlan et al., 2015). Third, some wildlife products are unaffordable to all but the very 

affluent (e.g., rhino horn is estimated to fetch > $50,000/kg; (Christy, 2015), even though 

many wildlife products could easily be replaced by cheaper, and more sustainable substitutes 
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(da Nóbrega Alves et al., 2008; Zhang & Yin, 2014). In light of these omissions, the ongoing 

demand for wildlife products appears to defy the predictions of rational choice theory 

(Friedman & Friedman, 1953)—that individuals act in their own self-interest—specifically, 

that people would prefer products that are verifiably effective, safe, and reasonably priced.  

The present thesis explores why consumers are susceptible to fraudulent heath 

claims—claims about remedies that are untested, ineffective, or harmful—and investigates 

whether behavioural interventions, based on psychological insights, can help protect 

consumers. I examine the cognitive biases that lead consumers to desire ineffective health 

products and then take a systematic approach to test a series of promising interventions. To 

evaluate intervention success, I employ two objective measures of consumer behaviour, 

namely consumers’ willingness-to-pay for ineffective health products (Chapters 3-5) and 

online sharing of health misinformation (Chapter 5). As I will argue in Chapter 2, to 

successfully protect consumers, communicators need to design interventions that help 

consumers overcome the cognitive, social, and emotional biases that health fraudsters exploit 

to sell their products and then employ evidence-based interventions that provide consumers 

with strategies for detecting and reducing their susceptibility to health fraud. 

While this thesis was fundamentally inspired by my interest in countering demand for 

overexploited wildlife products, the introductory review (Chapter 2) focuses on reducing 

demand for ineffective treatments more generally, and the empirical chapters (Chapters 3-5) 

concentrates on a specific class of ineffective health products—vitamin supplements— for 

reasons of practicality and generalizability. The following two chapters then explore the 

broader dimensions of the connection between health and the wildlife trade. Specifically, the 

meta-review (Chapter 6) examines the impacts of the overexploitation of wildlife and the 

risks the global wildlife trade poses to global public health. After briefly examining the extent 

of these problems, it delves into the evidence base for effective solutions and provide 
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guidance for practitioners to implement them. The perspective paper (Chapter 7) provides 

guidance on designing psychologically-informed communications to prevent the misguided 

persecution of wildlife (due to fears of pandemic risks).  

1.2 Thesis outline 

This thesis consists of eight chapters. Following this introductory chapter, Chapter 2 

features a published review of the psychological underpinnings of consumer susceptibility to 

fraudulent health claims. This integrative theoretical review provides the rationale for 

addressing health fraud more broadly and outlines a taxonomy for systematically designing 

psychologically-informed behavioural interventions to protect consumers. As this taxonomy 

subsequently guides the design of the interventions tested in the empirical chapters that 

follow (Chapters 3-5), the basic structure of the framework is worth briefly outlining here. 

The taxonomy is structured according to five psychological drivers that I hypothesise 

are major contributors to consumer susceptibility to health fraud, namely: Visceral influence, 

Affect, Nescience, Misinformation, and Norms (VANMaN). Visceral influences are 

motivational cues (e.g., pain, financial stress, sensation seeking) that elicit strong 

psychological responses and thus impair consumers’ cognitive abilities to detect and avoid 

fraud (Lea et al., 2009; Loewenstein, 1996; Wilson, 2014). Affect is the emotive quality of 

“goodness” or “badness” that becomes associated with an action or item, influencing how 

decisions are made based on positive or negative feelings (Slovic et al., 2004, 2007). 

Nescience is the absence of knowledge or awareness that makes consumers susceptible to 

fraudulent claims by leaving room for people to intuitively generate or accept spurious causal 

associations between cause (e.g., remedy) and effect (e.g., recovery; (Matute et al., 2015; 

Yarritu et al., 2014). Misinformation makes it difficult for consumers to distinguish between 

evidence-based medicine and fraudulent health remedies (Kitchens et al., 2014; Lavorgna & 
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Di Ronco, 2020; Poland & Spier, 2010). Social norms are rules or standards about how 

members of a community should behave, which can influence consumers’ desire to consume 

particular ineffective remedies (Centola, 2018; Farrow et al., 2017).  

As each of the five drivers of the VANMaN taxonomy suggest a seemingly obvious 

intervention (e.g., overcome nescience by providing information), we then outline current 

research on psychological barriers that are exploited by fraudsters and that often impede the 

effectiveness of the obvious interventions (e.g., our tendency to confuse confidence with 

knowledge, termed the illusion of confidence, can lead us to trust confident fraudsters over 

cautious health experts). This framework of drivers, psychological barriers, and strategies to 

manipulate consumers then forms the basis upon which we propose several hypotheses about 

specific measures—which we label treatments— that could help consumers overcome 

specific psychological barriers and thus increase their resilience to fraudulent health claims. 

The numerous predictions contained within the taxonomy thus form an extensive research 

agenda, whereby each hypothesised treatment can, and should, be experimentally tested.  

Chapters 3 and 4 feature published, peer-reviewed papers. Chapter 3 investigates a 

particularly pervasive psychological barrier, namely the illusion of causality. The illusion 

occurs when people perceive a causal relationship between an action and a subsequent 

outcome (Blanco et al., 2011) even when the two events are unrelated, such as taking vitamin 

C and subsequently recovering from a cold (Hemila & Chalker, 2013). As the first empirical 

paper, Chapter 3 outlines how I validated both (1) the primary dependent measure for 

evaluating the impact of the interventions, namely consumers’ willingness-to-pay for an 

ineffective health remedy (MacFarlane et al., 2018; Thrasher et al., 2011); and (2) the 

primary covariate, namely a survey for measuring (and thus controlling for) participants’ pre-

existing attitudes towards alternative health remedies and dietary supplements (MacFarlane et 

al., 2018). Using these mechanisms, I experimentally evaluate the impact of a novel 
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intervention to help consumers overcome the illusion of causality. As a proof of concept, I 

evaluated the impact of this intervention by measuring participants’ willingness-to-pay for 

multivitamin supplements. Multivitamins were chosen because they are commonly used, yet 

provide no discernible health benefits (Bjelakovic et al., 2012; Jenkins et al., 2018). To 

ensure ecological validity, participants were given real money and the opportunity to bid on a 

real multivitamin supplement.  

Chapter 4 builds on the results of the first empirical paper, by replicating the impact 

of the novel intervention to overcome the illusion of causality, while also investigating its 

effect in conjunction with an intervention designed to counter another psychological barrier, 

namely irrational affect. Specifically, my co-authors and I designed a fear-appeal intervention 

to counter misperceptions about the (lack of) health risks of an ineffective health remedy 

(MacFarlane et al., 2020a). Chapter 4 consists of two near-identical experiments, one with 

online participants measuring their hypothetical willingness-to-pay and one with 

undergraduate students in the laboratory measuring their incentivised willingness-to-pay (i.e., 

using real money and the opportunity to purchase a real multivitamin product). This paper 

also investigates whether there is a significant difference in consumer behaviour when the 

experiment is hypothetical compared to when it is fully incentivised, thus also making a 

methodological contribution to the literature.  

Chapter 5 is a manuscript currently submitted for publication. It presents the results of 

a large online experiment, adopting the same experimental measures used in Chapters 3 and 

4. The experiment investigates the impact of sophisticated health disinformation—health 

misinformation disseminated with the intent to deceive, often for financial motives (McKee 

& Middleton, 2019)—on consumer demand. It examines the effect of employing several 

techniques used by fraudsters to manipulate people into believing unsupported claims about 

bogus health remedies, using the example of vitamin E as an alleged COVID-19 treatment. 
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Chapter 5 then evaluates the impact of two interventions to counteract the impact of this 

disinformation. The experiment compares the impact of a tentative refutation—based on the 

“diplomatic” refutation style commonly used by health authorities—to an enhanced 

refutation that, based on psychological insights, highlights and explains the techniques used 

to manipulate consumers (MacFarlane et al., 2020b). Chapter 5 also introduces a new 

measure to capture the impact of the disinformation and the subsequent interventions, on 

participants’ willingness to share misinformation via social media. The measure examines 

whether the enhanced refutation better helps to reduce the spread of misleading health claims, 

by encouraging participants to either flag the disinformation as misleading or simply not 

share it within their social networks.  

Chapter 6 features a meta-review of systematic reviews and is currently submitted for 

publication. It provides a broad overview of the negative impacts of the illegal wildlife trade, 

such as biodiversity loss, ecosystem collapse, and accelerating government corruption. The 

paper aims to address a concurrent aim of the present thesis, namely, to investigate what 

interventions effectively reduce demand for overexploited wildlife products. The review was 

undertaken in response to a previous evidence synthesis that found that most demand-

reduction campaigns targeting wildlife products have lacked rigorous evaluation, and thus 

their impacts remain unknown (Veríssimo & Wan, 2019). To fill the evidence gap, our meta-

review turned to the wider academic literature (including public health, sociology, 

criminology, etc.) to assess the evidence for the effectiveness of interventions that aim to 

reduce consumer demand for harmful products (e.g., cigarettes and illicit drugs). The meta-

review synthesises the findings of 41 systematic reviews for several commonly used 

intervention approaches, such as mass-media campaigns, health-risk warnings, and social-

marketing campaigns. The paper summarises the key learnings from this large body of 
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evidence and provides simple guidelines to help conservation practitioners better design 

demand-reduction interventions.  

Chapter 7 features a published “theoretical perspective” that draws on many of the 

learnings discussed in the remainder of this thesis. The paper was written in response to 

reports that the increased media coverage associating bats with the spread of COVID-19 had 

motivated isolated instances of the misguided persecution of wild bats. The paper helps to 

contextualise the actual health risks, noting that wild animals pose a relatively trivial threat 

compared to high-risk human activities such as hunting, live animal markets, and habitat 

destruction/encroachment. We note that retributive culling of bat species is not only 

ineffective for preventing the spread of zoonoses but has been documented to increase 

opportunities for zoonotic transmission. We then argue that intuitive attempts by 

conservationists to counter misinformation about bats and zoonoses could inadvertently help 

to reinforce irrational fears and incite misguided violence towards bats. Drawing on several 

psychological insights about combating irrational associations, we provide guidelines for 

communicating about bats to prevent persecution during the time of COVID (and beyond). 

The paper outlines evidence-based approaches to debunking misinformation, counteracting 

negative associations with bats, and changing harmful social norms. The paper serves as an 

illustrative example of the interconnectedness of the major themes of this thesis, including 

human psychology, wildlife trade, consumer demand, misinformation, and persuasive 

communication.  

In sum, my research has adopted a multidisciplinary approach incorporating cognitive 

and experimental psychology, evidence synthesis, and conservation science. This research 

was inspired by my interest in reducing demand for unsustainable wildlife products, and 

united by the question, “what interventions are effective for reducing demand for ineffective 

health remedies?”. The general conclusion of my research is that evidence-based approaches 
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to addressing unsustainable wildlife consumption are critical to addressing key global 

challenges, and to this end, psychologically-informed messaging provides a powerful tool for 

both altering harmful consumer norms and protecting consumers from health fraud. To 

conclude, Chapter 8 further deliberates on limitations, implications, and avenues for future 

research.  
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Foreword for Chapter 2 

Chapter 2 presents a review of several key psychological factors that underpin the 

persuasive appeal of fraudulent health claims—false or misleading claims used to promote 

health remedies that are untested, ineffective, and often harmful (MacFarlane, Hurlstone, & 

Ecker, 2020). The paper essentially argues that the appeal of fraudulent health claims is 

multifactorial and thus solutions to protect consumers need to draw on insights from multiple 

perspectives. The goal of the review was to provide a structured and systematic approach to 

designing interventions to help consumers avoid succumbing to health fraud. The resultant 

taxonomy posits numerous testable hypotheses, some of which are then tested in the 

following three empirical chapters (Chapters 3-5). 

This chapter was first submitted for publication to a prominent health-psychology 

journal in 2018. While the final publication is undoubtedly stronger from having been peer-

reviewed, a key reason for its initial rejection was that “it [was] not clear that people who use 

these treatments [i.e. alternative health remedies] are wanting interventions to reduce their 

use.” For me, the assertion that use of alternative health products does not warrant 

intervention because they are in demand is symptomatic of the widespread misconception 

that such remedies are generally harmless and without any real-world impacts. The 

pervasiveness of this sentiment could explain why, prior to the publication of this chapter in 

2020, there did not exist (to the best of my knowledge) a comprehensive, scholarly review of 

the psychological underpinnings of fraudulent health claims. 

Fast forward to 2020, where every corner of the globe continues to be impacted by the 

COVID-19 pandemic. In February, the Director-General of the World Health Organisation 

(WHO), Tedros Adhanom Ghebreyesus, argued that the WHO was not only fighting the 

spread of COVID-19 but also an epidemic of misinformation. According to WHO experts, 

this infodemic is undermining efforts to ensure that people are informed to act appropriately 
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(Zarocostas, 2020). This problem thus provokes an important question—what is the bulk of 

COVID-19 misinformation about? According to a recent study, the largest category of 

COVID-19 misinformation relates to “miracle cures”, which comprised some 26.4% of all 

pieces of misinformation identified (Blake, 2020). The authors also noted the biggest driver 

of COVID-19 misinformation was found to be the US president, Donald Trump, who has 

touted various debunked and/or harmful remedies including hydroxychloroquine and 

injecting disinfectant. 

Such troubling developments have rocketed the present line of research into the 

global limelight. Chapter 2 represents the first attempt to provide a structured outline of 

several of the key underlying psychological drivers of consumer susceptibility to health 

fraud. While the taxonomy is reasonably comprehensive, it is not exhaustive. Indeed, three 

notable commentaries have already been written in response to the taxonomy. These fantastic 

additions provide further insight into how susceptibility to health fraud may also be driven by 

our emotions (Fitzgerald, Sevi, & Shook, 2020); by individual differences in personalities 

and cognitive traits, as well as by statistical and numerical illiteracy (Lilienfeld et al., 2015); 

and how it can be applied to design interventions to counter real-world health conspiracies 

(Motta, 2020). 
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A B S T R A C T

Objective: Fraudulent health claims—false or misleading claims used to promote health remedies that are un-
tested, ine!ective, and often harmful—cause extensive and persistent harm to consumers. To address this pro-
blem, novel interventions are needed that address the underlying cognitive mechanisms that render consumers
susceptible to fraudulent health claims. However, there is currently no single framework of relevant psycho-
logical insights to design interventions for this purpose. The current review aims to address this gap.
Method: An integrative theoretical review was conducted across several relevant disciplines including crimin-
ology; behavioural economics; and cognitive, health, and social psychology.
Results: The current review presents a novel taxonomy that aims to serve as an agenda for future research to
systematically design and compare interventions based on empirical evidence. Specifically, this taxonomy
identifies (i) the psychological drivers that make consumers susceptible to fraudulent health claims, (ii) the
psychological barriers that may prevent successful application of interventions, and (iii) proposes evidence-
informed treatments to overcome those barriers.
Conclusions: The resulting framework integrates behavioural insights from several hitherto distinct disciplines
and structures promising interventions according to five underlying psychological drivers: Visceral influence,
A!ect, Nescience, Misinformation, and Norms (VANMaN). The taxonomy presents an integrative and accessible
theoretical framework for designing evidence-informed interventions to protect consumers from fraudulent
health claims. This review has broad implications for numerous topical issues including the design and eva-
luation of anti-fraud campaigns, e!orts to address the growing problem of health-related misinformation, and for
countering the polarisation of politically sensitive health issues.

1. Introduction

For many consumers, so-called alternative health remedies can seem
a worthwhile lottery: they come with low costs and promise large po-
tential benefits. Yet, despite the incredible claims of their advocates,
when tested, most alternative remedies would be more accurately de-
scribed as health fraud—the marketing or selling of products that have
not been proven safe or e!ective (U.S. Food & Drug Administration
[FDA], 2019). Notable examples of such remedies include homeopathy,
reflexology, and iridology (Australian Government Department of
Health, 2015), as well as weight-loss scams and other debunked re-
medies such as ozone therapy, colloidal silver, and psychic surgery.

Many mainstream health practitioners seem to regard such alter-
native health remedies as nothing more than unscientific but mostly
harmless placebos. Indeed, many doctors will acknowledge that certain
alternative remedies may even provide benefits, irrespective of medical

considerations, such as serving cultural or religious needs or a sense of
belonging to a like-minded community. However, mounting evidence
suggests the harms arising from alternative health remedies are largely
underappreciated and, in many cases, outweigh the potential benefits.
For example, in 2012, sales of dietary supplements in the U.S. exceeded
$100 per person on average, which is roughly $30 billion or 9% of all
out-of-pocket health care spending in the U.S. (U.S. National Institute of
Health [NIH], 2016). Yet, extensive research indicates that most dietary
supplements are ine!ective (Guallar et al., 2013; Jenkins et al., 2018)
and sometimes harmful. Vitamin supplementation, for example, has
been linked to some 23,000 visits to U.S. emergency departments an-
nually (Geller et al., 2015), various side-e!ects such as pancreatitis,
liver disease (Bjelakovic et al., 2014), and even an increased risk of
mortality compared to placebo (Bjelakovic et al., 2012).

Other underappreciated harms of alternative remedies arise from
interactions with conventional medications (Byard and Musgrave,
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2010) and opportunity costs from delaying or not seeking evidence-
based treatment (Greenlee and Ernst, 2012), which is a particular
concern in cancer patients (Citrin et al., 2012). Harm also arises
through risk compensation (Bolton et al., 2006)—when health remedy
messaging (e.g., “promotes natural immunity”) undermines individual
perceptions of the risk associated with a relevant risky behaviour (e.g.,
vaccine hesitancy; Attwell et al., 2018). Recent studies have also un-
covered widespread ingredient substitution (e.g., with undeclared plant
or animal taxa), toxic contamination (e.g., with heavy metals such as
lead, cadmium, & arsenic), and high rates of adulteration with con-
ventional pharmacological agents (e.g., warfarin & paracetamol;
Coghlan et al., 2015; Rocha et al., 2016). Moreover, the demand for
alternative remedies is also a major driver of the illicit trade in en-
dangered animals, through traditional remedies that use animal body
parts such as rhino horn, bear bile, and pangolin scales (Graham-Rowe,
2011).

Despite this mounting evidence of harms, alternative remedies are
rarely held to the same rigorous standards of clinical evidence as con-
ventional medicine. In the U.S., for example, manufacturers of dietary
supplements and alternative health remedies are not required to pro-
vide demonstrations of safety or e"cacy of products prior to marketing
(Bellanger et al., 2017), nor does the U.S. Food & Drug Administration
routinely perform pre-market safety analyses (Avigan et al., 2016). The
fact that governments routinely fall short of protecting consumers
means that health communicators should employ other avenues to
provide consumers with the means to avoid the harms arising from
fraudulent health remedies. To successfully protect consumers, health
communicators need to identify the cognitive, social, and emotional
biases that health fraudsters exploit to sell their products and then
employ evidence-based interventions that provide consumers with
strategies for detecting and reducing their susceptibility to health fraud.
Accordingly, in the current article, we present a new taxonomy that
synthesizes insights from psychology relevant to tackling this problem.

1.1. Research gap filled by the present taxonomy

Over the last decade, psychological research has provided a deeper
understanding of our cognitive capacities and consumer biases when
making judgements and decisions under uncertainty (Cialdini, 2009;
Kahneman, 2012; Thaler and Sunstein, 2009). Yet, to the best of our
knowledge, this research has not been compiled into a single frame-
work that answers the following key questions: What are the major
psychological drivers that make consumers susceptible to fraudulent
health claims? How do fraudsters exploit consumers into buying frau-
dulent health remedies? How can consumers be protected from health
fraud? The lack of a coherent framework presents three major obstacles
to realizing e!ective interventions to protect consumers. First, it en-
courages ad-hoc intervention design, increasing the likelihood that a
practitioner will overlook key psychological mechanisms. Second, it
impedes theoretical progress, as there is no systematic plan to discern
which psychological drivers make consumers most susceptible to health
fraud. Third, it impedes applied progress, as there is no systematic plan
to determine which interventions are most e!ective for protecting
consumers.

To overcome these obstacles, we reviewed the literature and de-
veloped a new taxonomy (see Table 1) to integrate several key psy-
chological insights relevant to consumer susceptibility to fraudulent
health claims. This taxonomy is structured into five key psychological
drivers that we hypothesise are the major contributors to consumer
susceptibility to health fraud, namely visceral influence, a!ect,
nescience, misinformation, and social norms. We provide a brief sum-
mary of each driver and outline how each contributes to consumer
susceptibility to health fraud. As each psychological driver suggests a
seemingly self-evident intervention, we then outline current research
on related psychological barriers that may impede the e!ectiveness of
potential interventions (for specific rationale, see the supplemental

material ‘Targeting the internal barriers impairing intervention e!ec-
tiveness’). For each psychological driver and corresponding barrier, we
also highlight tactics employed by advocates of alternative remedies to
exploit consumer susceptibility to fraudulent health claims (for ex-
amples, see the supplemental material—Table S1). This framework of
drivers, barriers, and strategies to manipulate consumers then forms the
basis upon which we propose several hypotheses about specific mea-
sures—which we label as treatments—that could ensure that interven-
tions help consumers overcome their psychological barriers and thus be
more resilient to fraudulent health claims.

This new taxonomy presents a congruent and parsimonious frame-
work for applying psychological theory in the design of interventions to
protect consumers. The numerous predictions contained within the
taxonomy thus form an extensive research agenda, whereby each hy-
pothesised treatment should be experimentally tested, and e!ect sizes
compared (for further details, see the supplemental material— “Testing
the predictions of the taxonomy”). Furthermore, this taxonomy aims to
fill a gap in the literature by providing a coherent framework for
practitioners working to address the harms arising from fraudulent
health claims (e.g., medical doctors, consumer advocates, and jour-
nalists), who may not have specific psychological expertise. Fig. 1
provides a step-by-step guide for practically applying the taxonomy.
This overarching framework has been informed by existing behaviour-
change frameworks (Kok et al., 2016; McKenzie-Mohr and Schultz,
2014) but tailored specifically for the context of combatting health
fraud. For brevity, we provide detailed guidance on applying this
overarching framework in the supplemental material (see section—“A
detailed step-by-step guide to intervention design”). The taxonomy is
now considered in greater detail in order of appearance of the five
exploited psychological drivers of consumer susceptibility to fraudulent
health claims: Visceral influence, A!ect, Nescience, Misinformation,
and Norms (VANMaN).

2. Five major psychological drivers that are exploited by
fraudsters

2.1. Exploited psychological driver: Visceral influence

Visceral influences are motivational cues that can elicit strong
psychological responses and thus impair cognitive abilities. Examples of
visceral influences are pain avoidance, sensation seeking, financial
stress, cravings associated with addiction, and biological needs such as
hunger, thirst, and sexual desire. According to Loewenstein (1996), the
more desirable the cue, the stronger the psychological reaction and the
greater the impairment of cognitive ability. One common psychological
response to a visceral influence is the narrowing of attention. For ex-
ample, social drinkers with a high craving for alcohol experience
greater attentional bias (reflected in faster response times to alcohol
cues compared to control cues) and approach bias (indicated by faster
categorization of alcohol-related behaviours compared to control be-
haviours) than those with a low craving (Field et al., 2005). Whilst a
greater attentional bias will assist social drinkers to better locate and
obtain alcohol, it also means that greater cognitive resources will be
required to maintain self-control, should they wish to refrain from
drinking. The e!ect of visceral influences may thus help explain much
of the disjunction between people's behaviour and their self-interest
(Loewenstein, 1996).

Another impact of visceral influences is that people tend not to think
about the ramifications of their own behaviour beyond satisfying their
immediate visceral needs. For example, in one experiment, participants
presented with a sexually charged video (visceral cue) made sig-
nificantly worse assessments of subsequent risks (i.e., expressed a
greater likelihood of having unprotected sex in a hypothetical situation)
compared to participants presented with only a written account of a
sexual encounter (control). Another experiment found similar results
when participants were presented with a cookie compared to a written
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account of a cookie (Ditto et al., 2006). The e!ect sizes of visceral in-
fluence on cognitive capacity have been equated to the impairment
caused by the loss of a full night's sleep or chronic alcoholism. In one
study, researchers evoked financial concerns (using a hypothetical
scenario involving an unexpected financial cost) before asking partici-
pants to complete a Raven's Progressive Matrices Test (Raven, 2000). In
participants who did not have the capacity to deal with an unexpected
financial loss, the impact of the visceral influence on measured fluid
intelligence was a reduction of approximately 13 IQ points (i.e., almost
a full standard deviation; Mani et al., 2013). Visceral influences are
thought to create a short-term feeling of being ‘out of control’
(Langenderfer and Shimp, 2001). This attribute of induced short-term
impulsiveness is well documented in the criminology literature re-
garding health fraud; two consistent elements of deceptive practices are
the promises of large rewards and the manufactured urgency to act
quickly (Lea et al., 2009; Wilson, 2014).

The cumulative impacts of visceral influences—increased focus,
reduced perception of risk, reduced fluid intelligence, and increased
impulsiveness—conspire to impair a consumer's cognitive ability to
detect a fraud, and to consider the information necessary to objectively
determine the safety and authenticity of a health remedy. It follows
then that a promising approach to countering health fraud is to help
consumers avoid visceral cues at times when they are likely to make
complex health decisions. For example, vaccination needles present a
strong visceral cue for individuals with high levels of needle sensitivity,
inducing anxiety, discomfort, and in extreme cases panic, fainting, and
even seizures (Wani et al., 2014). Under such strong visceral influence,
consumers will tend to be more susceptible to misleading claims about
vaccinations and/or alternative health remedies. Indeed, parents who
are themselves fearful of needles are more likely to delay vaccination in
their children (Callaghan et al., 2019). One way to protect consumers
with high needle-sensitivity might therefore be to invest in needle-free
methods of vaccination delivery (Giudice and Campbell, 2006). The
dominant approach to protecting consumers is to pre-emptively raise
awareness about the existence, and format, of recent health frauds, in
the hope that people can actively detect and avoid misleading visceral
influences. However, even where people are able to avoid visceral cues
the e!ectiveness of awareness raising interventions is hampered by two
key psychological barriers, namely the illusion of attention and emo-
tional motivators.

2.1.1. One barrier to raising awareness: The illusion of attention
When people's attention is focused on an object or task, they often

fail to perceive unexpected objects even when they are salient, poten-
tially important, and appear right where they are looking (Chabris
et al., 2011). This phenomenon, termed inattentional blindness, was
made famous through an experiment where participants, tasked with
counting the number of times a ball was passed between moving
people, often failed to notice a person dressed in a gorilla suit walking
casually through their field of vision (Simons and Chabris, 1999).
Studies on inattentional blindness provide compelling evidence of the
cognitive limits of our attentional capacities. Moreover, they have led to
the discovery of a related phenomenon, termed the illusion of attention,
which occurs when what people notice di!ers from what they think
they notice (Levin and Angelone, 2008). For example, in one experi-
ment, only 50% of participants noticed when a stranger they were
having a conversation with was surreptitiously replaced by a di!erent
person (Simons and Levin, 1998). Yet, a later study found that 97% of
participants estimated that they would have noticed such a change
(Levin et al., 2000). This phenomenon provides an analogy for why
someone, who is focused on finding a cure (i.e., a visceral cue), might
consistently overestimate their ability to notice when they are being
deceived (Lea et al., 2009).

Unfortunately, it may not be possible to train people to overcome
inattentional blindness, as this phenomenon is a by-product of our
limited-capacity attentional system (Begh et al., 2015). General

skepticism of advertising claims also seems to provide insu"cient
protection from visceral influences and their associated e!ects, namely
narrowing attention and inducing impulsiveness (Amos and Landreth
Grau, 2015).

One robust treatment to attenuate inattentional blindness is to make
important, but unattended, factors more salient (Gibbs et al., 2016).
Doing so may be achieved by providing consumers with pre-emptive
cues (i.e., just prior to making health decisions) that make important
information more salient such as the outcomes of clinical trials and side
e!ects. In practice, this would require forcing product packaging of
alternative health remedies to provide key information (e.g., food labels
have been shown to boost nutrition knowledge; Miller and Cassady,
2015). Another attribute of inattentional bias is that the greater the
cognitive resources required to complete a task, the greater the bias’
impact (Simons and Chabris, 1999). Thus, another treatment to reduce
inattentional bias is to simplify tasks by providing simple rules for
people to navigate otherwise complex tasks (Mata et al., 2010). For
example, a simple rule for avoiding health fraud is “do not buy health
remedies from the person who diagnosed you” because the seller is
incentivised to invent a diagnosis, overstate the benefits of their re-
medy, and underreport the harms of that remedy (i.e., they have a
conflict of interest).

2.1.2. Another barrier to raising awareness: Emotional motivators
Two key emotional motivators that augment the impact of visceral

influences are reciprocity and scarcity. Reciprocity influences con-
sumers when they receive a gift, favour, or invitation, which compels
them to feel obliged to the giver (Cialdini, 2009). Reciprocity is a well-
established element of health fraud, utilised by scammers who often
provide small gifts, free consultations, free information, or appear to
bend the rules in favour of the recipient in order to make them feel
obligated (Lea et al., 2009). According to Cialdini (2009), perhaps the
best way to overcome this barrier is to make receivers aware of the
“norm of reciprocity” so that they can actively avoid situations where
they might feel indebted. Other treatments to reduce the norm of re-
ciprocity are to: encourage consumers to consider the exploitative in-
tentions behind unsolicited favours (Cialdini, 2009), highlight that the
giver is concealing their true intentions from the consumer (Friehe and
Utikal, 2018), and help consumers find excuses not to reciprocate
(Regner, 2016).

Scarcity appeals are manufactured sales tactics common to health
fraud and include such cues as “only two products left!“, which can
make an o!er seem more valuable (Aggarwal et al., 2011; it also en-
courages conformity by conveying that “many people” are purchasing a
product; see later section on social norms), and urgency cues such as
“sale ends today!“, which can force consumers to make quick decisions
whilst under a visceral influence (e.g., desiring a cure to an illness)
when their capacity for risk assessment is poorest (Fischer et al., 2013).
A recent review posited that scarcity appeals may operate through two
distinct psychological mechanisms, namely a fear of missing out and a
fear of a restriction of choice (Cannon et al., 2018).

One hypothesis posits that scarcity appeals operate via a desire to
eliminate the anticipated risk that a resource may be unavailable in the
future (i.e., fear of missing out). Under this availability-risk mechanism,
scarcity operates as a visceral cue with several subsequent impacts on
consumers including narrowed attention, heightened emotional
arousal, and induced aggression through perceived competition
(Kristo!erson et al., 2017). One treatment to assist consumers to resist
availability-risk scarcity appeals is to assist consumers to avoid making
decisions under emotional pressure. One way to accomplish this is to
encourage consumers to seek independent advice from their social
networks, because others are unlikely to be under the same visceral
influence (e.g., the desire to relieve pain) and are hence better able to
provide rational advice. One limitation of this approach is that peoples'
social networks may be homophilic—tailored in such a way to support
alternative health views (see later section on resistant social
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structures”)—and thus consumers should also seek advice from ap-
propriately qualified medical practitioners.

The second hypothesis posits that scarcity appeals might also op-
erate via a desire to eliminate an anticipated risk that certain choices
may be restricted in the future. (e.g., loss of access to a previously
available remedy). Under this mechanism, commonly termed psycho-
logical reactance, scarcity has been shown to operate through a combi-
nation of anger and negative cognitions (Dillard and Shen, 2005).
Cialdini (2009) argued that psychological reactance may help explain
why banning products can be ine!ective or even drive a greater in-
tention to consume. One treatment to assist consumers to resist urgency
and scarcity appeals, which induce psychological reactance, is to fore-
warn consumers of a salesperson's persuasive intent—namely, that such
appeals are manufactured sales tactics intended to manipulate con-
sumers into making purchases. A meta-analysis by Wood and Quinn
(2003) concluded that warnings about influence attempts can help
“inoculate” people against psychological reactance by preparing them
to resist subsequent persuasive appeals.

2.2. Exploited psychological driver: (Irrational) a!ect

A!ect is the emotive quality of “goodness” or “badness” that be-
comes associated with an action or item (Slovic et al., 2007). A!ective
associations may be evolutionarily adaptive (e.g., bad smells can in-
dicate infection) and are often culturally derived (e.g., taboos about
physical contact with certain object; Huang et al., 2017; Rozin et al.,
1986). A!ective associations are often used heuristically to enable
quick decisions. Indeed, adults unable to build a!ective associations
(e.g., due to severe brain trauma) can develop deficits in decision
making (Damasio et al., 1990). Irrational a!ective associations—that is,
associations that are disproportionate or contrary to factual evi-
dence—can also lead to irrational behaviours (Slovic et al., 2000; see
also supplemental materials— “Irrational a!ective associations and
magical thinking”). The theoretical distinction between visceral influ-
ences and a!ect is that the former serves to explain the influence of
emotion on attentional processes and cognitive capacity, whereas the
latter serves to explain how decisions are made based on positive or
negative feelings.

Several attributes of a!ective decision making can be manipulated
to make consumers susceptible to fraudulent health claims. One attri-
bute is that a!ective evaluations of risks and benefits tend to be ne-
gatively correlated—even when the nature of the benefits is both dis-
tinctively and qualitatively di!erent from the nature of the risks. For
example, if antibiotics are portrayed as low in risk, it contributes to the
perception that they are also high in benefit. In contrast, if smoking is
portrayed as low in benefits, this contributes to the perception that it is

also high in risk. (Alhakami and Slovic, 1994). Thus, evaluations of
risks and benefits tend to be causally determined, meaning that the
perception of one attribute can be influenced by manipulating in-
formation about the other (Finucane et al., 2000). For example, one
study in the UK found that the most commonly cited justification for
consuming homeopathic remedies was a perceived lack of side e!ects.
Furthermore, the perceived e"cacy of homeopathy was correlated with
perceptions about risks of conventional medicine (Stoneman et al.,
2013). Importantly, people's reliance on a!ective decision-making in-
creases when under time pressure, because there is less opportunity for
analytic deliberation. In one study, the strength of the inverse re-
lationship between perceived risks and benefits for a range of items,
such as cigarettes and pesticides, was greatly increased under time
pressure (Finucane et al., 2000). Thus, consumers are more susceptible
to fraudulent health claims when fraudsters artificially induce time
constraints (see previous section on scarcity).

Another attribute of a!ect that can be manipulated to increase
consumer susceptibility to fraudulent health claims is the evaluability
principle—the idea that actions, or items, are not easily evaluable in
isolation; instead their meaning is often, or more easily, evaluated
through a!ective comparisons. For example, consider two products that
are identical except for their quantity and labelling: Product (A)
“250 mg of ingredient X”; and Product (B) “500 mg of ingredient X,
may cause minor headaches”. When consumers view only Product A in
isolation, the quantity “250 mg of ingredient X” is only di!usely eva-
luable and thus carries minimal weight when making a!ective judg-
ments. Consequently, consumers are more likely to perceive Product A
to be of higher value, compared to consumers who only view Product B,
because the value of the latter is reduced by the a!ective association
with a potential side e!ect. However, when directly compared, it is
obvious that Product B, which o!ers twice the amount of ingredient X,
o!ers superior value to Product A, and is also more informative about
the potential side e!ects. This example is based on experimental evi-
dence demonstrating how the lack of comparative frames of reference
serves to limit the capacity for rational judgements (Hsee, 1996). The
evaluability principle may explain how evaluations of fraudulent health
remedies, when consumers are isolated from scientific evidence, can be
unduly influenced by a!ect-laden terms such as “natural”, or “holistic”,
and not by factual comparisons.

The obvious intervention to overcome irrational a!ective associa-
tions is to counteract them with a!ective comparisons that accurately
depict the known risks and benefits of the fraudulent health remedy
compared to conventional medicine. However, considerable care
should be taken to ensure messages are su"ciently targeted and do not
backfire (Rossen et al., 2016; also see sections below on motivated
reasoning and norms). Two barriers to such interventions are positive

Fig. 1. A step-by-step guide for designing interventions using psychological insights.
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a!ect associated with fraudulent health remedies, and negative a!ect
associated with supported medicines.

2.2.1. One barrier to countering irrational a!ect: Positive a!ect
Much consumer demand for fraudulent health remedies is main-

tained through associations that carry positive a!ect. For example, the
ubiquitous marketing of alternative remedies as “natural” is e!ectively
a tactic to convey that a product is harmless, despite the fact that there
are abundant natural poisons such as hemlock and strychnine (Hall,
2008). The impact of positive a!ect marketing was recently demon-
strated through an experiment that found simply masking cigarette
packaging (i.e., the brand marketing linking those cigarettes with po-
sitive associations such as fun or sophistication) significantly reduced
the cigarettes’ appeal to smokers on measures of taste, quality, enjoy-
ment, and intent to purchase (Skaczkowski et al., 2018). To manu-
facture positive associations with fraudulent health remedies, advocates
adopt real scientific terms such as “osmosis” or invent medical jargon
such as “negative calories” (Lea et al., 2009). One treatment to coun-
teract positive a!ect that has become associated with a fraudulent
health remedy is to draw attention to its potential risks. Health inter-
ventions that depict the risks of a particular action are commonly
termed fear appeals. A common example includes graphic images of
smoking-related disease on cigarette packets.

The e!ectiveness of fear appeals in altering behaviour is the subject
of some debate (Peters et al., 2018). Some have argued that fear appeals
are only e!ective under specific circumstances—most notably, where
there is high perceived e"cacy (i.e., both (i) self-e"cacy—the capacity
to alter one's behaviour towards the recommended action [e.g., stop
smoking]; and (ii) response e"cacy—the belief that the recommended
action will enable one to avoid the stated threat (Kok et al., 2018). Still,
Tannenbaum et al.’s (2015) recent meta-analysis concluded that fear
appeals were e!ective at altering attitudes, intentions, and behaviours;
worked in all but few cases; and did not backfire under any identified
circumstances (see Kok et al., 2018, for an alternate perspective).

In any case, there appears to be a consensus that when perceived
e"cacy is high, fear appeals are likely to be e!ective (Peters et al.,
2018). The use of fear appeals for reducing demand for fraudulent
health remedies is thus likely to be e!ective in most cases, because
e"cacy-related variables such as dependency, addiction, or lack of
consumer alternatives are generally absent in this context. Tannenbaum
et al. (2015) identified a number of factors that increase the e!ective-
ness of fear appeals. Two key factors listed in our taxonomy are de-
picting a relatively high amount of risk and stressing the susceptibility
of the target group.

2.2.2. Another barrier to countering irrational a!ect: Negative a!ect
Another psychological barrier arises when negative a!ect becomes

associated with an evidence-based conventional medicine, such as
chemotherapy or exercise. In a study of women diagnosed with breast
cancer, key reasons for rejecting conventional medicine in favour of
alternative remedies were the fear of side e!ects, negative experiences
with conventional doctors, and a lack of perceived benefits of con-
ventional medicine (Citrin et al., 2012). Negative a!ect can become
associated with evidence-based medicine when new evidence overturns
pre-existing beliefs about standard medical care. For example, bed rest
was long prescribed as a key ingredient to illness recovery including
recovery from cancer. However, compelling evidence now suggests that
exercise is both e!ective and safe for counteracting many of the adverse
physical and psychological e!ects of cancer and its treatments (Cormie
et al., 2018). Further, exercise has proven e!ective for treating lower-
back pain (whereas common standard approaches such as opioids,
surgery, and spinal injections have been found relatively ine!ective;
Foster et al., 2018). To counteract negative a!ect surrounding an evi-
dence-based medicine, interventions should seek to correct the myths
using evidence-based debiasing techniques (see section on mis-
information).

Negative a!ect can also contribute to a nocebo e!ect—where the
expectation of harm increases the psychogenic experience of symptoms
that are consistent with health concerns. For example, according to the
best evidence, there are no negative health impacts of wind turbines
(Tonin, 2018). Yet, negative a!ective commentary by anti-windfarm
activists has, in some people, created the expectation that the infra-
sound produced by wind turbines can cause health harms, and this is
thought to have caused some people to experience health symptoms.
One treatment to counteract negative a!ect is to highlight the potential
benefits of the target behaviour. To illustrate, Crichton and Petrie
(2015) showed that associating infrasound with positive health e!ects
caused a placebo e!ect that reversed the nocebo response and lessened
psychogenic symptoms.

2.3. Exploited psychological driver: Nescience

Nescience is the absence of knowledge or awareness. Nescience
makes consumers susceptible to health fraud because people intuitively
generate, or uncritically accept, spurious causal associations between
actions and outcomes (e.g., remedy X cured illness Y; i.e., illusory
causation) without considering that such associations might be coin-
cidental, meaning that evidence to determine causality is lacking (i.e.,
evidence that excludes other causal explanations for an outcome).
Overcoming nescience is di"cult because humans have evolved a
strong bias for finding patterns in meaningless background noise (i.e.,
illusory correlation; Foster and Kokko, 2009). The problem is further
compounded by a host of other psychological mechanisms (see
Lilienfeld et al., 2014), such as the tendency to selectively recall only
outcome variables of improvement or to overestimate our ability to
influence events (the illusion of control; Langer, 1975). Such mechan-
isms conspire so that even clinicians and researchers are not immune to
naïve realism—the pervasive assumption that cause and e!ect can be
observed through intuitive observations (Lilienfeld et al., 2014). Sci-
entific methods facilitate the assessment of causality by controlling for
alternate explanations. However, in the absence of a scientific ap-
proach, illusory causal associations between health outcomes and
possible remedies can be created through several common scenarios,
such as inferring the e!ect of a health remedy following personal trial
and error, exposure to highly confident personal narratives, or exposure
to biased samples such as online forums where those who claim to have
been “cured” are overrepresented compared to those who experienced
no benefit or harmful side e!ects.

Intuitive causal associations can serendipitously lead to discoveries
of real causal relationships, as when our ancestors noticed that the bark
of the willow tree relieved pain, which eventually led to the discovery
of aspirin (Hall, 2008). On many occasions, however, such causal as-
sociations are illusory, such as the use of rhino horn in traditional
Chinese medicine as a cure for various ailments from cancer to hang-
overs. Rhino horn has no medicinal properties, yet its unabated con-
sumption has contributed to several recent sub-species extinctions
(Milliken, 2014).

The seemingly obvious intervention to overcome nescience is to
provide information on what works and what does not. This so-called
information deficit model (Bubela et al., 2009; Rossen et al., 2016) in-
tuitively leads practitioners to launch awareness-raising campaigns.
However, numerous studies have shown that awareness campaigns are
generally ine!ective at altering behaviour (Christiano and Neimand,
2017). Increases in scientific knowledge are, at best, moderately cor-
related with increased positive attitudes towards science (Allum et al.,
2008) and, at worst, strongly correlated with increased polarisation on
issues that are divided along political or cultural worldviews (Kahan,
2015; Kahan et al., 2012). One reason why awareness campaigns are
generally ine!ective is that they seldom target the specific psycholo-
gical barriers (other than knowledge) preventing the uptake of the
desired behaviour (McKenzie-Mohr, 2000). Three psychological bar-
riers that specifically relate to nescience include the illusion of
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causality, the illusion of confidence, and the illusion of knowledge.

2.3.1. One barrier to overcoming nescience: The illusion of causality
The illusion of causality occurs when an outcome, by mere coin-

cidence, occurs in close temporal proximity to an action (Matute et al.,
2015). Causal illusions are pervasive because people are generally only
exposed to, and thus are more likely to remember, positive outcomes. A
prime example is the unsubstantiated link between taking vitamin C at
the onset of a cold (action) and a recovery from illness (outcome)
(Hemila and Chalker, 2013). Belief in the e"cacy of vitamin C is per-
petuated by people more readily recalling instances when they took
vitamin C and subsequently recovered from a cold, compared to in-
stances when they did nothing and recovered all the same. This ten-
dency is further compounded by reporting bias—when people tend to
share positive treatment outcomes more than average out-
comes—which distorts the information available to others (de Barra,
2017; see also Ioannidis, 2017). Another reason why causal illusions are
persuasive is that people generally fail to take into account alternative
explanations when considering what caused an outcome (e.g., that pain
reduction was caused by a placebo e!ect; Hayes et al., 2016). Causal
illusions are especially convincing for many alternative medicines be-
cause these are often perceived to have no side e!ects, which en-
courages frequent consumption, which in turn increases the probability
that the outcome will occur in close proximity to the perceived cause
(Matute et al., 2015).

Assisting people to overcome illusions of causality is a challenge.
Research has shown that simply showing people the facts is not su"-
cient (Yarritu and Matute, 2015) and that higher intelligence does not
provide protection (Wiseman and Watt, 2006). Nevertheless, several
promising treatments are worth considering.

In instances where someone has control over the perceived cause,
an e!ective treatment is to advise people to reduce the frequency of
consuming the perceived health remedy (e.g., advise people to consume
vitamin C only every other time they catch a cold). Reducing this fre-
quency reduces the probability that the outcome will occur in close
proximity to the perceived cause, and thus works to uncouple the il-
lusory association (Blanco et al., 2011). One way to encourage less
frequent consumption is to communicate the potential side e!ects of
the remedy (see earlier section on positive a!ect and fear appeals).

Another treatment is to provide interactive training about the sci-
entific concepts key to evaluating causality. Barberia et al. (2013)
showed that a workshop teaching school students about experimental
controls (to account for confounding factors) and contingency testing
(comparing outcomes for both “cause-present” and “cause-absent”
scenarios) reduced the students’ susceptibility to causal illusions.

Another promising treatment is to provide people access to the “full
picture,” namely the evidence from all four outcomes of a standard
randomized controlled trial, that is, the number of people who (i) took
the product and experienced the benefit, (ii) took the product and ex-
perienced no benefit, (iii) did not take the product but still experienced
the benefit, and (iv) did not take the product and experienced no
benefit. Information from all four cells in a contingency matrix enables
conclusions to be drawn about whether a benefit is caused by the
product (a positive contingency), or whether there was some other
causal factor (a null contingency). Unfortunately, simply providing
people with a contingency table of the results of clinical trials may not
assist them to make reliable causal judgments because people's inter-
pretations can be faulty, especially when the data being conveyed are
complex (Batanero et al., 2015) or when the interpretation challenges
prior beliefs (Kahan et al., 2013). To overcome these psychological
barriers, a promising treatment combines two strategies: (i) simplify
and clearly convey complex clinical results—for example, by using
frequency formats “4 in 5 people report a benefit” rather than absolute
values, percentages, or probabilities—in order to minimise opportu-
nities for participants to misinterpret results due to cognitive biases
such as motivated reasoning, denominator neglect, or availability bias

(Slovic et al., 2007); and (ii) provide an alternative explanation of what
causes consumers to experience health benefits because this helps to fill
the mental gap caused by refuting participants' pre-existing pseu-
doscientific beliefs (Lewandowsky et al., 2012). In a recent experiment,
this treatment reduced participants' willingness to pay for a real mul-
tivitamin supplement (by 23%) compared to a common refutation used
by health authorities (MacFarlane et al., 2018).

MacFarlane et al. (2020) follow-up experiment combined this
treatment with a fear appeal (i.e., evidence that multivitamin supple-
ments actually increase mortality risk compared to placebo). The results
showed that the fear appeal in isolation reduced willingness to pay (by
32%) compared to control, but that a combined intervention (the
simple interpretation of clinical results and alternative explanation of
consumer experiences plus the fear appeal) reduced participants' will-
ingness to pay for multivitamins further still (by 50%). These results
provide preliminary evidence that interventions based on psychological
insights can assist people to overcome psychological barriers linked
with fraudulent health claims.

2.3.2. A second barrier to overcoming nescience: The illusion of confidence
The illusion of confidence refers to the robust finding that people

tend to overestimate their own qualities (e.g., skill, ability, and char-
acter) compared to their peers (Kruger and Dunning, 1999). The ten-
dency towards overconfidence extends across many domains, from
eyewitness testimony (Sporer et al., 1995) to medical decision making
(Croskerry and Norman, 2008). This illusion presents a key psycholo-
gical barrier due to the Dunning-Kruger e!ect, which is the finding that
people who are the least competent, and thus most in need of self-im-
provement, tend to be the most overconfident, the least open to new
information, and the least likely to recognise the need for self-im-
provement (Kruger and Dunning, 1999). The Dunning-Kruger e!ect has
been shown to explain public opposition to vaccination policies, ge-
netically modified foods, and genetic engineering technology (Fernbach
et al., 2019; Motta et al., 2018). Unfortunately, simply giving people
feedback about their lack of skills relating to a particular task does not
always reduce overconfidence or improve performance, but instead
often reduces performance (Kluger and DeNisi, 1996). Increasing peo-
ple's competence (e.g., through training programs) so that their ability
catches up to their confidence, appears to be the most reliable way to
reduce overconfidence. However, such instruction needs to be sub-
stantial, as insu"cient training may actually increase overconfidence
(Sanchez and Dunning, 2018).

An additional psychological barrier related to the illusion of con-
fidence is the tendency to interpret confidence, or lack thereof, as a
valid signal of another person's abilities and knowledge. One explana-
tion for this tendency is that people prefer definitive predictions over
uncertainty (Keren and Teigen, 2001). In support, one study found that
patients were more satisfied with doctors who expressed diagnosis
certainty compared to those who conveyed uncertainty or consulted
reference books (Johnson et al., 1988). This tendency thus presents a
psychological barrier for consumers, because it undermines their ca-
pacity to discern which experts are truly knowledgeable. Further, it
helps to explain why the public is easily misled by the confident, yet
often unfounded, claims of alternative remedy advocates and celebrity
doctors such as Dr Oz (Tilburt et al., 2017).

Evidence suggests that overconfidence may be a stable personality
trait across multiple cognitive domains (Blais et al., 2005). Thus, having
greater familiarity with a person's confidence on other issues may
provide a more accurate benchmark for assessing the nexus between
that person's actual knowledge and their outward confidence. Thus, a
plausible treatment to overcome this aspect of the illusion of confidence
is to highlight other instances where an advocate is confident about
other clearly disproven issues. This should help dispel illusions re-
garding the advocate's real knowledge (Chabris and Simons, 2010). For
this treatment to be e!ective, practitioners should first establish that
the target audience also accepts those issues as disproven, which may
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prove di"cult in some cases. For example, the small number of people
with strong anti-vaccination beliefs tend to be far less receptive to
communication interventions than the considerably larger group of
vaccine-hesitant parents (hence, vaccine scholars have suggested fo-
cusing on the latter group; Betsch et al., 2015). Where possible, public
health practitioners should also ensure that health promotion messages
are delivered confidently so as not to undermine the implicit message
that the advice being given is based on the best available evidence.

2.3.3. A third barrier to overcoming nescience: The illusion of knowledge
People often believe that they understand things at a deeper level

than they really do. This finding, termed the illusion of knowledge,
causes people to mistake feelings of familiarity (what happens) for
genuine knowledge (why it happens) (Rozenblit, 2004). This psycho-
logical barrier facilitates mistaken explanations for complex health
phenomena by preventing people from asking questions that are critical
to distinguishing between which health remedies are evidence-based
and which are unproven, disproven, or untenable.

The illusion of knowledge may stem from our tendency to use simple
models to understand complex systems (Lombrozo, 2007), which enables
us to function without being overwhelmed by complexity. However,
problems arise because it is di"cult to determine how well our models
help us understand reality. Instead, we infer how well we understand
reality using three easily determined factors: (i) our confidence in our
understanding of the simple model; (ii) our familiarity with the surface
elements, concepts, and vocabulary of the complex system; and (iii) the
amount of information we are aware of, or have access to (Fisher et al.,
2015), regarding the complex system (Chabris and Simons, 2010). This
model of mental self-assessment is, however, deeply flawed as it en-
courages us to overestimate our real knowledge—this is because the
three factors provide no meaningful assessment of how well we actually
understand reality. Reliance on these heuristics becomes problematic
when advocates manipulate them to strengthen an illusion of knowledge
about an alternative health remedy.

To illustrate, one tactic employed by alternative-health advocates is to
overwhelm consumers with biased information that appears extensive. For
example, the website of the British Homeopathic Association directs con-
sumers to The Faculty of Homeopathy’s (2018) evidence summary, which
claims that four of five “major comprehensive” systematic reviews
“broadly favour” the use of homeopathy—but only after further in-
vestigation would consumers learn that all four reviews noted that overall
study quality was poor and the evidence inconclusive. Another tactic is to
bolster the explanation of a phenomenon with irrelevant reductive in-
formation (i.e., information regarding basic system features or processes
that are unrelated to the claim being made). Such information may in-
terfere with people's ability to critique the underlying logic of the o!ered
explanation (Weisberg et al., 2008), which, in turn, causes them to over-
value their understanding of that simple model (Hopkins et al., 2016).
Consequently, explanations of psychological phenomena (especially bad
explanations) can be made to appear more satisfying by adding irrelevant
information, such as longer descriptions (Heit and Rotello, 2012), brain
images (McCabe and Castel, 2008), or neuroscientific information
(Weisberg et al., 2015; see also Im et al., 2017; Tabacchi and Cardaci,
2016). Such information increases people's familiarity with the surface
concepts and vocabulary used to explain complex scientific phenomena.

One treatment to help prevent people from succumbing to the il-
lusion of knowledge is to deliver targeted training and education
campaigns that promote general scientific knowledge and reflective
thinking, which help people apply informed and reasoned scientific
skepticism to assess explanation quality (Hopkins et al., 2016). An al-
ternative approach to preventing people from falling for the illusion of
knowledge is to accept that these barriers are a psychological reality
and thus, at the very least, should be accounted for when designing
communications about evidence-based-medicine (Rossen et al., 2016).
Specifically, to ensure consumers’ confidence in and satisfaction with
explanations is based on best evidence, practitioners should provide: (i)

simple explanations that include images and reductive information
(even if not strictly necessary); (ii) definitions of key vocabulary and
major concepts used to describe the complex phenomenon; and (iii)
access to detailed information about the complex phenomena.

2.4. Exploited psychological driver: Misinformation

Misinformation makes it di"cult to distinguish between evidence-
based medicines and fraudulent remedies and thus can have dire con-
sequences for public health. For example, the spread of misinformation
about the false link between the measles-mumps-rubella (MMR) vac-
cine and autism (Poland and Spier, 2010) has been associated with
localised reductions in paediatric MMR vaccination rates (Leask, 2011),
resulting in several outbreaks of measles (BBC, 2018). Countering
misinformation requires multiple solutions, which vary depending on
modes of transmission, underlying intentions, and political contexts.

Aspects of the contemporary media landscape have facilitated the
dissemination of misinformation. Social media are especially amenable
to spreading misinformation because people are more likely to share
stories that elicit emotional arousal (i.e., those that evoke fear, disgust,
or happiness; Berger, 2011). Social media are also increasingly being
used to spread disinformation—misinformation disseminated with the
intent to deceive, often for political or financial motives. Emerging
evidence is also revealing the considerable extent that automated so-
cial-media “bots” are being used to spread and politicise disinforma-
tion, including about vaccination (Broniatowski et al., 2018). With the
benefit of hindsight, it has become clear that disinformation campaigns
can generate considerable public confusion. For example, in 2006, a
U.S. Federal Court found cigarette manufacturers guilty of conspiring to
deny, minimise, and distort the hazards of smoking. Those responsible
were ordered to publish corrective statements in the media, a common
legal remedy for such consumer deception (Smith et al., 2011).

Another aspect of the contemporary media landscape that con-
tributes to the spread of misinformation is the information retrieval
algorithms employed by search engines (e.g., Google or Yahoo). This is
because the sorting and ranking criteria they use ignore information
quality (Ludolph et al., 2016). Advocates of fraudulent health remedies
can try to actively manipulate search results to enhance the visibility of
misinformation. For example, a study by Kitchens et al. (2014) found
that first page results from Google searches on health topics (well-
being, food, and nutrition) returned mostly websites with low-quality
information. Further, the results relating to complementary and alter-
native therapies returned the highest proportion (approximately 70%)
of low-quality online information.

One increasingly common tool for combatting intentionally, or
carelessly, spread misinformation is fact-checking, which can be gen-
erally e!ective for refuting false claims (Ecker et al., 2019; Hameleers
and van der Meer, 2019). Indeed, e!orts are underway to integrate fact-
checking into social media platforms (see Lewandowsky et al., 2017).
Combatting technologically derived sources of misinformation requires
an understanding of search engine logic so that, for example, health
authorities can optimise the visibility of quality information. Another
promising solution is to prioritise applied research into developing
superior search algorithms, so that consumers would be presented with
search results that ultimately favour credible and high-quality in-
formation (Lewandowsky et al., 2017). Beyond these interventions,
e!ectively informing consumers requires that practitioners adopt psy-
chologically informed approaches to debunking misinformation. To this
end, we now consider two notable psychological barriers that operate
to impair e!orts to refute misinformation, namely the continued in-
fluence e!ect and motivated reasoning.

2.4.1. One barrier to combatting misinformation: The continued influence
e!ect

E!orts to retract misinformation tend to be of limited e"cacy,
meaning that misinformation often continues to influence reasoning
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and decision making despite clear and credible retractions or correc-
tions. This e!ect has been termed the continued influence e!ect of mis-
information (Johnson and Seifert, 1994). A number of cognitive factors
are responsible for this e!ect, such as inadequate resources for objec-
tive veracity evaluation, and imperfect memory updating and retrieval
processes (Lewandowsky et al., 2012; Swire et al., 2017).

To design “science-based” refutations to e!ectively debunk mis-
information, several factors must be considered (Paynter et al., 2019).
Specifically, to overcome the barriers presented by the continued in-
fluence e!ect, refutations should: (i) warn recipients before confronting
them with misinformation because warnings can boost strategic mon-
itoring processes and prevent the initial acceptance of misinformation,
thus reducing the need for subsequent revision (Ecker et al., 2010); (ii)
repeat the facts, but avoid repeating the misinformation more than
necessary (in order to refute it), as repetition enhances familiarity,
which can foster false beliefs (Jacoby and Kelley, 1989); (iii) use gra-
phical evidence, as visual representations help consumers comprehend
data and make counter-arguing more di"cult (Dixon et al., 2015); and
(iv) provide an alternate explanation of the phenomenon to fill the
mental “gap” left behind by retracting the misinformation. Ideally, this
explanation should also address the motivation behind the initial source
of misinformation. For example, it is useful to know that Andrew Wa-
kefield, who initially suggested that autism was linked to the MMR
vaccine, failed to disclose financial conflicts of interest that provided
considerable incentive to falsify his results (Flaherty, 2011).

2.4.2. A second barrier to combatting misinformation: Motivated reasoning
Motivated reasoning refers to biased information processing in ac-

cordance with prevailing motivations and worldviews (Kunda, 1987).
When processing misinformation and refutations, people may engage in
motivated reasoning to defend their worldviews and social identities
(Ecker and Ang, 2019) and reduce cognitive dissonance—the mental
discomfort that arises whenever a person holds two inconsistent ideas,
attitudes, beliefs, or opinions (e.g., “smoking kills” and “I am a smoker”;
Festinger, 1962). Three pervasive biases in this context are (i) the
confirmation bias—preferentially seeking out supportive evidence,
whilst ignoring contrary evidence; (ii) the disconfirmation bias—-
counter-arguing contrary evidence and uncritically accepting suppor-
tive evidence; and (iii) self-justification—the post-hoc rationalising of
one's beliefs (Tavris and Aronson, 2008). These mechanisms appear to
be exhibited in a hierarchy of increasing cognitive demand, meaning
that dissonant evidence is easiest to ignore, harder to counter-argue,
and even harder to rationalise (Hughes and Zaki, 2015). Harder still is
to change one's pre-existing worldviews.

Understanding how dissonant information is processed through a
progression of stages can be useful for designing targeted interventions
to overcome motivated reasoning. Common stages for reducing cogni-
tive dissonance about bad health behaviours include avoiding dissonant
information (easy), pointing to flaws in the health research (harder), or
rationalising the bad behaviour (harder still). For example, graphic
health warning labels on cigarette packages can increase feelings of
dissonance for people with low self-e"cacy (e.g., due to addiction or
lack of support; Witte and Allen, 2000). Smokers avoid such dissonance
by putting cigarettes into plain boxes to avoid seeing graphic health
images (easy), seeking out, and uncritically accepting, criticism about
cancer research (harder), and rationalising that smoking, on balance, is
beneficial because it prevents weight gain (a common justification for
smoking). By anticipating these types of defensive consumer responses,
practitioners can design more e!ective warning messages that are less
threatening and thus less likely to be avoided (Kok et al., 2018; Hall
et al., 2018), provide tools for improving self-e"cacy (e.g., nicotine
gum; Hartmann-Boyce et al., 2018), and o!er alternative means for
appetite suppression (Seeley and Sandoval, 2011).

Perhaps the greatest source of dissonance is information that
threatens pre-existing worldviews, especially when such worldviews
operate to define a"liations with particular social groups, such as a

political party or an ethnic community. One treatment for practitioners
to reduce this dissonance is to employ a spokesperson from the target
community. People are more likely to trust advice from experts that
come from an ingroup, especially on polarising issues (Kahan, 2015;
Berinsky, 2017). Another treatment to reduce dissonance is to frame
messages so that they are congruent with the worldview of the target
group. For example, political conservatives experience more fear of loss
than political liberals experience, and thus should be more persuaded
by loss-framed messages (negative consequences of not acting) than
gain-framed messages (positive consequences of acting), and the re-
verse should be true for liberals. This has been supported by studies
investigating policy support for mandatory vaccination (Nan and
Madden, 2014) and reducing obesity (Lee and Kim, 2017).

A further source of dissonance may derive from people's sense of
morality. For example, Feinberg and Willer (2013) found that lower
pro-environmental attitudes amongst conservatives than liberals could
be attenuated using pro-environmental rhetoric that was framed in
terms of moral values endorsed by conservatives (concerns about the
purity and sacredness of the environment), but not by using similar
rhetoric framed in terms of liberal moral values (moral duty to protect
the environment from harm). To the best of our knowledge, the impact
of moral framing on health remedies has not yet been experimentally
tested. However, several correlational studies have linked vaccine
hesitancy to people's intuitions about di!erent moral virtues (Graham
et al., 2009). In a study of Australian parents, Rossen and colleagues
(2019) found that vaccine rejecters were higher on the purity founda-
tion compared to acceptors and fence-sitters. They also found that
vaccine rejecters and fence-sitters had a higher moral preference for
liberty (beliefs about the rights of the individual) compared to accep-
tors. In a study of American parents, Amin and colleagues (2017) found
that parents with high vaccine hesitancy were twice as likely to em-
phasise liberty and purity compared to respondents with low vaccine
hesitancy. In another study of American parents, Callaghan et al. (2019)
found a correlation between an inclination towards delaying the HPV
vaccination and a high moral preference for purity, which the authors
suggested is additionally linked to conservative views about sexuality.
Based on these correlational findings, researchers should experimen-
tally test whether interventions to decrease vaccine hesitancy are made
more e!ective by applying tailored moral frames to di!erent popula-
tions.

2.4.3. A third barrier to combatting misinformation: Conspiratorial thinking
Conspiratorial thinking (also known as conspiratorial ideation) is

the predisposition towards assuming that powerful groups are taking
secretive action against the common good for their own benefit.
Contemporary examples of health-related conspiracy theories include
the notion that the Zika virus is spread by genetically modified mos-
quitoes (Klofstad et al., 2019), and that the causal link between child-
hood vaccination and autism is being suppressed by an unscrupulous
medical industry (Goertzel, 2010). National surveys of the American
public show that several medical conspiracy theories are widely known,
broadly endorsed, and highly predictive of many common health be-
haviours, such as taking vitamin supplements, prioritising organic food
consumption, and even using sunscreen (Oliver and Wood, 2014).
Naturally, it is important to note in this context that conspiracy theories
are not always immediately false, and that genuine health-related
conspiracies do occur. However, unlike fringe conspiracy theories,
which appear to persist in support of an ideological position despite the
lack of positive evidence (Lewandowsky et al., 2013), verified health
conspiracies typically involve commercial fraud (e.g., involving adul-
terating or counterfeiting pharmaceuticals or dismissing unfavourable
clinical results; see; Davies, 2018; Eban, 2019; Greene, 2019; O'Steen &
O'Steen, 2006).

Conspiracy theories can have broad negative consequences for so-
ciety through the rejection of scientific evidence and the associated
poor health choices (e.g., see van der Linden, 2015). However,
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debunking conspiracy theories is di"cult not least because con-
spiratorial thinking: (i) has a “self-sealing nature”—the tendency to
reject contrary evidence or refutation attempts as confirmation of the
existence of an alleged nefarious plot; and (ii) thrives on the abundance
of disconfirming evidence and the lack confirming evidence, which is
the inverse of rational thinking (Lewandowsky et al., 2013; Sunstein
and Vermeule, 2009; Uscinski and Parent, 2014). Despite the chal-
lenges, the public-health implications of the current widespread belief
in conspiracy theories mean that health authorities must nevertheless
work to assist the public to distinguish between conspiracy theory and
fact.

We recommend that practitioners familiarise themselves with the
tools of scientific enquiry and consider the pros and cons of various
conspiracy evaluation guidelines (Uscinski and Parent, 2014). One
promising treatment to assist consumers to avoid fraudulent con-
spiratorial claims would thus be to provide consumers with the rational,
methodical tools to evaluate the evidence of conspiracy theories (see
Uscinski and Parent, 2014). Another approach would be to commu-
nicate the deceptive strategies employed by health-remedy marketers.
Such an approach was demonstrated in recent studies that found that
people could be “inoculated” against the adverse e!ects of mis-
information by pre-emptively explaining the deceptive argumentation
techniques employed by those spreading the misinformation (Cook
et al., 2017; van der Linden et al., 2017). An alternative approach to
might be to consider interventions other than directly debunking con-
spiracy theories. For example, health practitioners could structure the
environment in such a way that makes it inconvenient to maintain
disproven beliefs (e.g., by requiring a considerable administrative
burden to opt-out of vaccination). Similarly, practitioners should also
consider reducing the structural barriers (e.g., access to conventional
healthcare) that contribute to people's willingness to accept conspiracy
theories (e.g., real-world barriers that can inhibit parents from vacci-
nating, such as lack of transport or assistance with timely child support;
Leask, 2011).

2.5. Exploited psychological driver: Norms

Social norms are rules or standards about how members of a com-
munity should behave. For rules to be considered social norms (here-
after referred to as norms), they must be supported and “enforced” by a
su"cient portion of a community. Examples of norms range from ex-
plicit laws (e.g., pharmaceutical drugs must pass clinical testing)
through to informal guidelines (e.g., a taboo about openly criticising
another person's beliefs). Evolutionary psychology provides one useful
framework for understanding how norms impact behaviour: As in-
dividuals we owe much of our success to the behaviour of other
members of our community, and thus cooperation must be evolutio-
narily adaptive. Yet, for a community to cooperate e!ectively, in-
dividuals must reliably adhere to a set of behavioural norms. The
benefits of ensuring cooperation help to explain why many human
behaviours have evolved for norm detection and enforcement (Simler
and Hanson, 2017). Game theory provides another useful framework
for understanding norms. For example, one classic study showed that
since enforcement can be costly for an individual (e.g., it can elicit
retaliation from those being punished), norms are most e!ective when
there are incentives for enforcement, termed meta-norms (e.g., a norm
punishing those who do not punish others; Axelrod, 1986). Further, in
order for a new norm to be established, individuals must have reason to
believe that other members of the community are also aware, and might
support, that new norm. This factor helps to explain why public com-
munications about norms can have a considerable impact on individual
behaviour.

Human impulses towards conformity and social inclusion are so
fundamental that community norms can become an intrinsic part of our
individual sense of identity. For example, adolescent binge drinking is
predicted by perceived alcohol consumption norms from multiple

sources (parents, friends, society; Kuntsche et al., 2017) and the extent
to which alcohol is viewed as part of an individual's identity (Ridout
et al., 2012). Conversely, Berger and Rand (2008) experimentally
showed that when unhealthy behaviours (e.g., binge drinking and
consuming fattening foods) were conspicuously linked to the identity of
an undesirable social outgroup, individuals reported altering their be-
haviour (i.e., drinking less or consuming fewer fattening foods) to avoid
signalling association with the undesired group.

One approach to changing a harmful behaviour is a norm appeal—a
message that aims to change an undesirable behaviour by highlighting
a behavioural norm. To design e!ective norm appeals, practitioners
need to distinguish between (i) injunctive norms—what others approve
or disapprove of doing; (ii) descriptive norms—what people typically do,
and (iii) perceived norms—what individuals believe about the real de-
scriptive and injunctive norms. Injunctive norms operate by signalling
the likelihood of social approval or disapproval, and therefore the
possible social consequences of one's behaviour. Descriptive norms
operate by serving as an indicator of the injunctive norm (where there
is uncertainty about the injunctive norm) and by serving as a heuristic
for calculating the costs vs. benefits of compliance (Farrow et al., 2017).
Failure to distinguish between di!erent types of norms can result in
campaigns that inadvertently strengthen undesirable norms. For in-
stance, stating that flu vaccination rates are low may be accurate, but it
also communicates a descriptive norm that few people get vaccinated
and thus may encourage greater conformity in the wrong direction
(Cialdini, 2003). In contrast, stating that vaccine approval rates are
high may be equally accurate, but instead highlights an injunctive norm
that most people approve of vaccines, and thus may encourage con-
formity in the desired direction. In support of this principle, a study on
flu vaccination rates found that individuals who believed a majority of
people around them approved of vaccination (injunctive norm) were
much more likely to get vaccinated than those who believed that the
majority disapproved of vaccination (Quinn et al., 2017). Three major
barriers that prevent norm appeals from influencing behaviour are
misperceived norms, logical fallacies, and resistant social structures.

2.5.1. One barrier to successful norm appeals: Misperceived norms
Misperceptions about norms (e.g., a belief that a behaviour occurs

more, or less, frequently than it does in reality) can lead individuals to
unwittingly behave in ways that are inconsistent with their social
group, and thus can be harmful to health. For example, college students
tend to view their own alcohol use as less problematic if they over-
estimate the use and approval of alcohol by their peers (Borsari and
Carey, 2003). In theory, norm appeals can be used to counter such
misperceptions, by conveying the true norms (descriptive, injunctive, or
ideally both; Cialdini, 2003). However, evaluations of this approach
have found mixed results (DeJong et al., 2009; Perkins and Craig, 2006;
Wechsler et al., 2003). Wechsler et al. (2003) suggested one key reason
why norm appeals may sometimes have been ine!ective was that they
targeted college campuses with diverse student populations, which
were unlikely to contain a “typical student” or a single common set of
norms.

In line with this explanation, a recent review of the norms literature
(Farrow et al., 2017) suggested several factors that may moderate
message acceptance, including characteristics of the implied reference
group (e.g., its size), characteristics of the target individual (e.g., un-
derlying motivations, risk tolerance, socio-demographics, attitude to-
wards and social proximity to the reference group), the social context of
the behaviour (e.g., anonymous or public), and the environmental
context (e.g., visual cues indicating if others behave in accordance with
the norm appeal). Obtaining knowledge about these factors before de-
signing interventions will help practitioners develop an informed
theory about the impact of a given norm appeal.

One fraudulent health behaviour that could lend itself to a norm
appeal is pharmacists’ sales of homeopathic remedies. For example, a
2013 Australian study found that 36% of pharmacists agreed that
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homeopathic remedies had a place in pharmacies, yet only 14% be-
lieved homeopathic remedies were e!ective—suggesting some phar-
macists were comfortable in knowingly selling ine!ective products
(Schultz et al., 2013). This behaviour may have been driven by a mis-
perceived descriptive norm, namely that some pharmacists over-
estimated the extent to which their colleagues believed homeopathic
remedies to be useful. Indeed, Schultz et al. (2013) found pharmacists
were more likely to be comfortable selling homeopathic remedies if
they believed that other pharmacists considered them to be useful. In
contrast, pharmacists were less likely to be comfortable selling ho-
meopathic remedies if they believed that respect from other health
practitioners would be lost by stocking such remedies.

These results suggest that a promising treatment to discourage
pharmacists from selling homeopathic remedies would be to combine a
descriptive norm (most pharmacists believe homeopathy is ine!ective)
with an injunctive norm (stocking homeopathic remedies is a risk to
reputation). A further injunctive norm could be added to stress that
major medical representative bodies disapprove of homeopathy
(Australian National Health & Medical Research Council [NHMRC],
2015; National Health Service [NHS] England, 2017). Yet another in-
junctive norm that could be leveraged is that communities generally
disapprove of commercial transactions where the merchant knows (or
ought to know) that the product does not work (Macdonald and Gavura,
2016). For these treatments to be e!ective, such norm appeals would
need to be su"ciently public to create a credible threat of collective
enforcement—pharmacists selling homeopathic remedies would need
to believe that a su"cient proportion of other pharmacists, and the
wider community, would also receive the norm appeal (Simler and
Hanson, 2017). Incidentally, a similar norms approach could also be
leveraged for other alternative health remedies, by highlighting that
pharmacists generally lack the knowledge to provide advice about al-
ternative remedies (Waddington et al., 2015) and major medical so-
cieties are increasingly opposed to alternative medicines (South West
London Medicines Optimisation Group NHS, 2018; Pharmaceutical
Society of Australia, 2015).

2.5.2. A second barrier to successful norm appeals: Logical fallacies
Advocates of fraudulent health remedies will routinely appeal to

norms with the aim of manipulating consumers' receptivity to their
claims. In a typical norm appeal, an advocate will espouse the voca-
bulary or ideology of a given community in order to enhance the appeal
of a pseudoscientific claim. Almost invariably, such appeals rely on
logical fallacies—invalid arguments or irrelevant points that lack evi-
dence. A typical fallacious appeal is the appeal to duty, which advocates
for consuming a particular health remedy out of a moral duty to protect
one's family. For example, marketers continue to make claims that
antibacterial soaps are superior to ordinary soaps for protecting families
from germs and infection, despite no such evidence and even some
studies suggesting they might be harmful (FDA, 2016). Debunking
norm appeals that rely on logical fallacies requires two steps. First,
highlight the errors in reasoning: Practitioners can become proficient at
this step by acquiring familiarity with logical fallacies and the princi-
ples of reasoning (Cook et al., 2018). Second, provide persuasive
counter-evidence: Cognitive research on inductive reasoning—making
predictions about novel phenomena based on existing knowledge—-
suggests that a range of factors can increase perceptions of argument
strength such as ensuring evidence diversity (Hayes and Heit, 2018).
For example, providing evidence from two culturally dissimilar nations
considerably increased support for scientific claims on public health
issues, compared to evidence from two culturally similar nations (Kary
et al., 2018).

The appeal to tradition is another logical fallacy routinely employed
by advocates of alternative remedies. The essential form of this fallacy
is that the longevity of a health approach (e.g., Traditional Chinese
Medicine)—the fact that it has been practised for thousands of years—is
evidence of its e!ectiveness. This argument is invalid because many

health systems that have persisted for a long time are plainly false.
Thus, an e!ective treatment to dispel this fallacy would be to point to
culturally diverse evidence where long-held ancient health remedies are
unequivocally false such as physiognomy and humoral biology
(Novella, 2007).

The appeal to authority is another common logical fallacy. The es-
sential form of this fallacy is that support for a claim (e.g., rhino horn
cures cancer) from an authority (e.g., a respected medical doctor) is
evidence that supports the claim. The argument is invalid because even
medical professionals can provide advice that is counter to scientific
consilience. In a typical example, an appeal to authority is made
whenever a successful sportsperson endorses the use of an unsupported
dietary supplement. For such appeals, an e!ective counter-strategy
might be to provide diverse evidence of athletes who succeeded without
using dietary supplements, or who only used, or endorsed, certain
health remedies after they already achieved sporting success.

2.5.3. A third barrier to successful norm appeals: Resistant social structures
A common intuition about intervention messaging is that social

networks with the most connections (e.g., public broadcasters or “social
media influencers”) will facilitate the greatest spread of behaviour
change. This intuition relies on the underlying assumption that per-
suasive messages (e.g., catchy advertisements or informative doc-
umentaries) will e"ciently di!use the intended changes through social
networks consisting of many weak connections (e.g., casual acquain-
tances), such that more connections will result in greater uptake (e.g.,
shared internet memes that “go viral”). However, research on the dif-
fusion of complex behaviours suggests that the content of an inter-
vention message may be less influential than the structure and relations
of the network that the message is di!used through (Centola, 2011). In
particular, this research suggests that the complexity of a particular
behaviour will influence how e!ectively it di!uses through di!erent
structured networks.

For simple behaviours (e.g., sharing an amusing photo) the most
e"cient network structure requires many weak ties—casual acquain-
tances that are distal, dissimilar, and characterized by low-frequency
contact—because the behaviour can easily di!use between two dis-
tantly related contacts, helping it to spread quickly throughout the
population. In contrast, for complex behaviours (e.g., deciding whether
to vaccinate), the most e"cient network structure may require rela-
tively few strong ties—family, friends, and community members that
tend to be proximate, similar, and characterized by high-frequency
contact—because individuals are more likely to adopt new a social
norm when they receive social reinforcement from multiple familiar
sources. Indeed, the abundance of weak ties within a social network can
even inhibit the adoption of complex behaviours in a population be-
cause highly-connected individuals will receive a greater proportion of
countervailing signals from non-adaptors (Centola, 2010; Centola et al.,
2007).

In support, Centola (2010) experimentally showed that the uptake
of a health behaviour was greater when participants received social
reinforcement from multiple neighbours in an online social network,
compared to a more distally connected random network. In a follow-up
study, Centola (2011) showed that the uptake of a health behaviour was
significantly influenced by manipulating the level of homophily—the
similarity of social contacts—in online social network structures. Spe-
cifically, they found that groups consisting of individuals with similar
characteristics (gender, age, and body mass index) had greater di!usion
of the health behaviour than individuals randomly assigned to net-
works.

To date, the impact of social network structure has only been ex-
perimentally tested with a few positive health interventions (e.g., in-
creased physical activity) and none to our knowledge have aimed to
counter health fraud. Nevertheless, both observational and modelling
research into the di!usion of fraudulent health claims (such as anti-
fluoride and anti-vaccine networks; Salathé and Bonhoe!er, 2008;
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Seymour et al., 2015) supports the notion that strong ties in a com-
munity present a considerable barrier to the acceptance of outside ex-
pert opinion. Practitioners wishing to protect consumers from fraudu-
lent health claims should thus compare the impact of engaging di!erent
network structures on the di!usion of various social norms. The
emerging research into the di!usion of complex behaviours suggests
several treatments for countering health fraud (Centola, 2018). One
treatment is to create clusters of early adopters, as this may drive a
robust process of social reinforcement, compared to diluting their in-
fluence amongst a population. Another promising treatment is to en-
hance the persuasiveness of intervention messaging by fostering em-
pathy. Centola suggests that the right form of homophily (i.e., similarity
in ways relevant to the behaviour) can foster empathy su"cient to
drive e!ective di!usion.

3. Conclusions

The primary goal of the present taxonomy (Table 1) is to provide a
framework to combat the weapons of persuasive influence that health
fraudsters exploit, by considering the psychological mechanisms by
which those weapons operate, and then using these insights to craft
treatments to help consumers resist such exploitation. Our taxonomy
draws on principles, insights, and experimental evidence from several
psychological fields to make predictions about interventions. However,
it is important to note that most of these predictions are yet to be
empirically tested.

Although several randomized controlled trials have supported the
proposed treatments for counteracting the illusion of causality
(MacFarlane et al., 2018), more trials, and subsequent replications, are
needed to test all of the predictions in the taxonomy. Thus, the tax-
onomy should also serve as a springboard for future applied research.
Depending on the outcomes of this research, it is our hope that the
taxonomy will serve as a robust guide for practitioners to design, im-
plement, and evaluate psychologically-informed interventions. Care
should also be taken to ensure that interventions are always im-
plemented with due regard to ethical considerations, including taking
steps to secure public acceptability (Reynolds et al., 2019).

We stress that the taxonomy is not exhaustive, nor does it examine
the individual personality or cognitive traits that might make certain
groups of people, such as the elderly, more susceptible to fraud than
others (Kircanski et al., 2018). Instead, we have provided a selection of
the major drivers of consumer susceptibility to health fraud, key psy-
chological barriers to intervention e!ectiveness, and some promising
psychologically-informed treatments.

This review has sought to make three key contributions. First, it has
reviewed the major psychological insights that likely contribute to
consumer susceptibility to health fraud. Second, it has presented a co-
herent framework for systematically testing which psychological dri-
vers render consumers most susceptible to health fraud. Third, it has
introduced a congruent and parsimonious taxonomy that enables
practitioners to systematically design, test, and compare interventions
to protect consumers from fraudulent health claims. Future research
should test the numerous predictions made by the taxonomy to estab-
lish what combinations of treatments are most e!ective at protecting
consumers from health fraud.
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Foreword for Chapters 3-5 

My interest in applying psychology to real-world problems began, as for many 

people, with reading the seminal book on cognitive heuristics and biases, Thinking fast and 

slow (Kahneman, 2012). The book opened my eyes to the possibility that significant changes 

in human behaviour could be achieved through relatively minor tweaks, such as by careful 

message framing or choice architecture. Excited by this tantalizing prospect and armed with a 

rudimentary knowledge of psychological biases, I sought out PhD supervisors to help put 

these insights to the test. When I first pitched my plan—to test the application of 

psychological insights to reduce demand for wildlife products—the response from my 

prospective supervisors was, “sounds interesting but how are you going to demonstrate an 

impact?”  

In hindsight, the question seems so obvious that I should have addressed it in my 

initial pitch. As it turns out, behaviour-change campaigns routinely fail to demonstrate an 

ecologically valid impact of their efforts, instead often relying on “soft” indicators of success, 

such as changes to self-reported attitudes, beliefs, or behaviours (Bickman, 1972; Geller, 

1981; Kormos & Gifford, 2014). For example, a recent review of demand-reduction 

campaigns aimed at wildlife products identified 236 campaigns but found that only five 

reported on direct changes in consumer behaviour (Veríssimo & Wan, 2018). Determined not 

to repeat this oversight, I set about researching the literature on designing and evaluating 

effective behaviour-change interventions. One of the most useful frameworks I found was 

“community-based social marketing” (McKenzie-Mohr & Schultz, 2014), which outlined a 

five-step approach (Chapters 3-5 apply the first four steps): (1) carefully selecting a target 

“end state” behaviour (i.e., a small measurable behaviour as opposed to complex nebulous 

concepts like “improving sustainability”); (2) identifying the barriers and benefits associated 

Foreword for Chapters 3-5 39 



with the selected behaviours; (3) designing interventions to address those barriers and 

benefits; (4) piloting the strategy with a small segment of the target community; and (5) 

evaluating the impact of the program once it has been broadly implemented.  

In seeking to select a target behaviour, I concluded that two key behaviours most 

relevant to the success of demand-reduction interventions were: a reduction in the quantity of 

a product being purchased and a reduction in perceived product value. I decided to focus on 

the latter. I proposed one way to measure a reduction in perceived product value was to run 

an experimental auction, where success could be measured against changes in amount 

participants bid for products after being exposed to an intervention compared to a control. 

This approach had previously been used to pilot-test the impact of graphic health warnings on 

consumer willingness-to-pay for cigarettes (Thrasher, Rousu, Hammond, Navarro, & 

Corrigan, 2011).  

In the auction paradigm closest to the one I ended up using (Becker, DeGroot, & 

Marschak, 1964), participants are told they will have the opportunity to bid on a product but, 

instead of bidding against other people, they will bid against a random number. This 

eliminates the potential confound of competition. Participants are given a small endowment 

of money to place a bid amount of their choice. They are told that they will win the auction if 

their bid is greater than, or equal to, the random number. Upon winning, participants will then 

“purchase” the product by paying the amount specified by the random number and keeping 

the remainder of their endowment. If their bid is less than the random number, they get to 

keep the full endowment but miss out on purchasing the product. The genius of this measure 

is the random number, which makes it in the participants’ best interest to bid only what they 

are willing to pay for the product, because placing too high a bid increases the risk of paying 

too much and placing too low a bid reduces their chances of obtaining the product.  
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 One problem with this paradigm is that paying a random amount for a product does 

not represent a typical real-life consumer scenario. To remedy this, I adapted the paradigm so 

that if participants win, they would pay their bid amount. This adaptation somewhat mimics 

the familiar practice of bidding on online auction sites, such as eBay. To test whether the 

paradigm would reliably measure willingness-to-pay, I piloted the measure with online 

participants against several measures predicted to influence demand.  

The results of the pilot, presented in Appendix II, exceeded my expectations. 

Specifically, I found strong positive correlations between people’s willingness-to-pay for a 

multivitamin and (1) the frequency that people reported having previously used 

multivitamins, (2) their estimated belief in the efficacy of multivitamin, and (3) having a 

favourable general attitude towards alternative remedies and dietary supplements. These 

results provided convergent evidence that the auction mechanism indexed consumer demand 

for multivitamin supplements and thus confirmed that the measure was suitable for 

demonstrating the impact of the interventions. Using this auction paradigm, Chapters 3-5 

present the results of a series of experiments that show how addressing key psychological 

barriers can reliably reduce demand for an ineffective health remedy (MacFarlane, Hurlstone, 

& Ecker, 2018, 2020).  

In addition to this auction, in Chapter 5, I introduce a novel measure of intervention 

success—namely, people’s propensity to share misinformation online. The idea for 

developing this measure came from my newfound appreciation for viral epidemiology 

(thanks to the relentless media coverage of COVID-19). In particular, I came to appreciate 

the importance of the growth factor, which measures the rate at which numbers of new cases 

are going up or down: if the growth factor is > 1, then the number of new cases increases 

exponentially, if the growth rate is < 1, then the number of new cases begins to decrease 

exponentially (Siegenfeld & Bar-Yam, 2020). Using the growth rate of virus spread as an 

Foreword for Chapters 3-5 41 



analogy for the spread of misinformation, it dawned on me that the most important way to 

control misinformation may not to be to successfully debunk each falsehood, but instead to 

find interventions that prevent the misinformation from spreading to more people. 

Essentially, Chapter 5 is a first attempt to test whether a targeted intervention could empower 

people to help reduce the rate of spread of misinformation to below one, where it becomes 

effectively neutralised. 
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Reducing demand for ineffective health remedies:
overcoming the illusion of causality

Douglas MacFarlane , Mark J. Hurlstone and Ullrich K. H. Ecker
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ABSTRACT
Objective: We tested a novel intervention for reducing demand
for ineffective health remedies. The intervention aimed to
empower participants to overcome the illusion of causality, which
otherwise drives erroneous perceptions regarding remedy efficacy.
Design: A laboratory experiment adopted a between-participants
design with six conditions that varied the amount of information
available to participants (N! 245). The control condition received
a basic refutation of multivitamin efficacy, whereas the principal
intervention condition received a full contingency table specifying
the number of people reporting a benefit vs. no benefit from
both the product and placebo, plus an alternate causal explan-
ation for inefficacy over placebo.
Main outcome measures: We measured participants’ willingness
to pay (WTP) for multivitamin products using two incentivized
experimental auctions. General attitudes towards health supple-
ments were assessed as a moderator of WTP. We tested general-
isation using ratings of the importance of clinical-trial results for
making future health purchases.
Results: Our principal intervention significantly reduced partic-
ipants’ WTP for multivitamins (by 23%) and increased their recog-
nition of the importance of clinical-trial results.
Conclusion: We found evidence that communicating a simplified
full-contingency table and an alternate causal explanation may
help reduce demand for ineffective health remedies by counter-
ing the illusion of causality.
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Irrational health behaviours

Irrational health behaviours—health-promoting actions that are objectively irrational
when viewed against the weight of scientific consilience—present numerous harms to
individuals. Example, harms include side effects, financial costs, interactions with con-
ventional medications and opportunity costs of delaying evidence-based treatment.
The present research deals with one type of irrational health behaviour, namely the
consumption of health remedies that are claimed to have benefits despite contrary sci-
entific consilience. Regarding health remedies, consilience may refer to (i) compelling
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evidence either supporting or rejecting a remedy’s efficacy, (ii) compelling evidence
that a remedy causes harm or (iii) a lack of compelling evidence to back up the health
claims being made. One remedy not supported by scientific consilience is multivitamin
supplementation for healthy individuals: numerous randomised controlled trials have
found that multivitamins provide no health benefits (Guallar, Strangers, Mulrow,
Appel, & Miller, 2013; Jenkins et al., 2018) and may even be detrimental to health
(Mursu, Robien, Harnack, Park, & Jacobs, 2011). Evidence-based interventions are thus
needed to help people avoid the negative consequences of such behaviour.

Designing effective evidence-based interventions to overcome irrational behaviours
requires addressing the barriers preventing the uptake of desired rational behaviours
(McKenzie-Mohr & Schultz, 2014). One major psychological barrier that prevents peo-
ple from making evidence-based consumer choices is the illusion of causality. The illu-
sion occurs when people perceive a causal relationship between an action and a
subsequent outcome (Blanco, Matute, & Vadillo, 2011) even when the two events are
unrelated, such as taking vitamin C and subsequently recovering from a cold (Hemila &
Chalker, 2013). The strength of the illusion increases the more an action coincidentally
occurs in close temporal proximity to an outcome. The resulting causal illusion is further
strengthened when one has personal control over the action preceding the outcome
(Yarritu, Matute, & Vadillo, 2014).

Assisting people to overcome illusions of causality is a challenge. Research has
shown that simply giving people the facts is not sufficient (Yarritu & Matute, 2015),
and even extended scientific training does not guarantee that people will not succumb
to the illusion of causality (Shtulman & Valcarcel, 2012). Part of the reason for this
may be that people are generally only exposed to—or are more likely to remember—
positive outcomes (Kelley & Long, 2014). Consider the unsubstantiated link between
taking vitamin C at the onset of a cold and a faster recovery. The myth that vitamin C
can speed up recovery is perpetuated by people more readily recalling instances when
they took vitamin C and subsequently recovered from a cold, compared to instances
when they did nothing and recovered all the same. We argue that to overcome the illu-
sion of causality, people need timely access to the ‘full picture,’ namely the evidence
from all four outcomes of a randomised controlled trial. Specifically, people need to
know the number of people who (i) took the product and experienced the benefit, (ii)
took the product and experienced no benefit, (iii) did not take the product but still
experienced the benefit and (iv) did not take the product and experienced no benefit.
Information from all four cells in the matrix is needed to confidently conclude whether
a benefit is caused by the product (a positive contingency), or whether there was some
other causal factor (a null contingency).

Previous research has found that simply providing a contingency table of clinical
results does not assist people to make reliable causal judgments because interpreta-
tions of contingency tables can be faulty, especially when the data being conveyed
are complex (Batanero, Ca~nadas, D!ıaz, & Gea, 2015) or when the outcomes challenge
prior beliefs (Kahan, Peters, Cantrell & Slovic, 2013). In contrast, one promising study
by Barberia, Blanco, Cubillas, and Matute (2013) found that providing students with
detailed explanations of the ‘full picture’ in an 80-minute class did reduce the illusion
of causality. However, this intervention is not particularly efficient given the significant
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time and resources required, which is a problem considering the continual need to
communicate the scientific consilience regarding an ever-expanding range of
health products.

To overcome these barriers when communicating clinical findings to the public, we
propose that contingency table information should be simplified to represent small
manageable frequencies rather than large and complex raw numbers. Research has
shown that when people are given complex proportions they tend to misinterpret the
figures by employing several cognitive biases, such as denominator neglect or avail-
ability bias (Gigerenzer, Gaissmaier, Kurz-Milcke, Schwartz, & Woloshin, 2007; Slovic,
Finucane, Peters, & MacGregor, 2007). We hypothesised that communicating the infor-
mation from all four randomised controlled trial outcomes in a simplified contingency
table will circumvent such cognitive biases, and may thus be a more efficient, and
cost-effective, intervention than those used in previous studies. Thus, the aim of the
present study was to investigate whether a simplified contingency table, accompanied
by a scientifically valid explanation, can promote behaviour change.

To test this hypothesis, the present study sought to measure actual behaviour
rather than intention or attitude. This is important because people’s beliefs are not
always reflected in their behaviours (Bickman, 1972; Geller, 1981). This may be due, in
part, to external barriers, such as cost and convenience, preventing a person’s behav-
iour from aligning with their beliefs (Gifford, 2014). Consequently, relying on self-
reported attitudes can lead researchers to over-report the effectiveness of an interven-
tion (Kormos & Gifford, 2014). For example, Rousu and Thrasher (2014) investigated
the effect of health warning labels on cigarette packages and found that self-reported
attitude changes were two times greater when compared to the change in demand
indicated by auction bids on a packet of cigarettes. For this reason, the present experi-
ment used two incentivized experimental auctions to measure participants’ willingness
to pay (WTP) for a commercially available multivitamin supplement and thus assess
the effectiveness of a novel intervention on real consumer demand.

The present laboratory experiment adopted a between-participants design with six
conditions. Conditions provided participants with varying amounts of information
(detailed descriptions in the method section; also see Figure 1). Most conditions pro-
vided information on the results of clinical trials showing that multivitamins were not
effective. Briefly described, the control condition provided irrelevant information com-
bined with a weak refutation of multivitamin efficacy. The ‘quarter-contingency’ condi-
tion provided the same weak refutation plus information from only one quarter of a
contingency table—the number of people reporting a health benefit from multivita-
mins. The ‘half-contingency’ condition provided the same weak refutation plus half a
contingency table—the number of people who did and did not report a benefit from
multivitamins. The ‘full-contingency’ condition provided a strong refutation plus a full
contingency table—the number of people reporting a benefit vs. no benefit from
both multivitamins and placebo. The principal intervention—the ‘full-contingency-plus’
condition—replicated the full-contingency condition but also included an alternate
explanation for lack of efficacy over placebo. The ‘positive-contingency’ condition was
the exception in that it provided a full-contingency table but with the placebo results
reversed to indicate that multivitamins were actually effective. To reflect the positive
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results, this condition also included a strong confirmation that multivitamins
were effective.

The primary aim of the experiment was to assess the effectiveness of the principal
intervention to reduce demand for an ineffective health product. To assess this, WTP
for two multivitamin products was then measured across two experimental auctions.
The main auction enabled participants to bid on one multivitamin product, whereas
the second auction enabled participants to simultaneously bid on two similar prod-
ucts, but only one containing added multivitamins. We theorised that the strength of
the illusion of causality would vary across conditions, thus influencing people’s WTP
for multivitamin products. We expected our strongest experimental intervention to
have the greatest impact on reducing WTP. The secondary aim of the experiment was
to test whether the effects of this principal intervention might generalise to future
health purchases.

For the main auction, we made three predictions. Hypothesis I: Compared to control,
the principal intervention (the ‘full-contingency-plus condition’) would result in a sig-
nificant reduction in average bid amount for the multivitamin product. Hypothesis II:
The average bid amounts would vary relative to the strength and direction of the illu-
sion of causality conveyed across the remaining experimental conditions. Specifically,
we hypothesised that (a) the quarter-contingency condition should have little impact
on WTP compared to control because information referring to one cell in a contin-
gency table creates only a weak illusion of causality; (b) the half-contingency condition

Figure 1. Visual summary of the information provided to participants in each condition. Shared
boxes indicate where information was identical across conditions. In the contingency table, the
number below the smiling face represents the relative frequency of people who reported experi-
encing a health benefit, and the number below the sullen face represents the relative frequency of
people who did not report experiencing a benefit. The explanation provided an interpretation of
the corresponding contingency table given the information available (i.e. weakly or strongly refut-
ing the efficacy of multivitamins when results indicated the null contingency, or strongly confirm-
ing the efficacy of multivitamins when results indicated the positive contingency). In the quarter-
contingency condition, presenting only one cell of information as a table was not logical so
instead, participants received a statement to the same effect: ‘Countless people have experienced a
health benefit after taking multivitamins’.
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should increase WTP compared to control because it creates a strong illusion of caus-
ality; (c) the full-contingency condition should reduce WTP compared to control
because it provides the ‘full picture’ required to dispel the illusion of causality; and (d)
the positive-contingency condition should increase WTP compared to control because
the information suggests a true benefit over placebo. Hypothesis III: Compared to the
other conditions, participants in the two full-contingency conditions would show (a) a
greater rate of identifying that there was insufficient information to determine the effi-
cacy of the fictitious health product; and (b) a higher rating of the importance of pla-
cebo-comparison information for making future health-related purchases.

For the second auction, we formulated Hypothesis IV: Compared to control, (a) par-
ticipants in the principal intervention condition would reduce their WTP for a product
containing added multivitamins relative to a similar product without; and (b) this rela-
tive WTP should vary according to the strength and direction of the illusion of causal-
ity conveyed across the remaining experimental conditions.

Method

The research was conducted using recommendations for obtaining quality evidence
for behavioural interventions (Dombrowski, Sniehotta, Avenell & Coyne, 2007).
Specifically, the intervention was designed with a theoretical basis, tested via a rando-
mised controlled trial, and reported with due regard to accepted CONSORT standards
of reporting for randomised controlled trials (Boutron, Moher, Altman, Schulz, &
Ravaud, 2008). Ethics approval to conduct the experiment was granted by the Human
Ethics Office of the University of Western Australia in accordance with the require-
ments of the Australian National Statement on Ethical Conduct in Human Research
(NHRMC, 2007).

Participants

In total, 247 undergraduate students from the University of Western Australia took
part in the experiment in exchange for course credit. One participant was excluded for
accidentally reading the debrief sheet prior to testing. Several a-priori exclusion criteria
were set (these are specified in the supplemental materials); based on these criteria,
one participant was removed for overly inconsistent responding. The final sample thus
included N = 245 participants (163 females, 82 males; age M = 20.98 years; SD = 6.45).
Sample size was determined by an a-priori power analysis (G"Power 3; Faul, Erdfelder,
Lang, & Buchner, 2007) that suggested a minimum sample size of 240 to detect a
medium-sized effect (f = .25) with a = .05, 1#b = .80.

Predictors and materials

Participants responded to questions on four potential predictors of WTP: previous
multivitamin consumption; belief in the efficacy of multivitamin supplements for main-
taining general health; general attitudes toward health supplements and alternative
medicines (hereafter referred to as the ‘general-attitude score’); and current state of

PSYCHOLOGY & HEALTH 5

Chapter 3: Overcoming the illusion of causality 52 



health (as people may only consider using multivitamins when they feel unwell). Full
details of the predictor measures are provided in the supplemental materials.

Willingness-to-pay

To assess WTP, data were collected using two variations of the Becker–Degroot–Marschak
auction mechanism (Becker, Degroot, & Marschak, 1964; Thrasher, Rousu, Hammond,
Navarro, & Corrigan, 2011). In the first auction (WTP-1), participants were given $5 and
an opportunity to place a bid on a tube of effervescent multivitamin tablets. They
were shown a plain-packaged picture of the product and some descriptive text about
multivitamins, including some common health claims and a popular pseudo-scientific
causal explanation as to why supplements are thought to provide health benefits (see
online supplement for details). Participants were asked to bid only the amount that
reflected how much they were willing to pay for that product. Participants were told
that this was different to other auctions in that they could only bid once, and that it
was in their best interest to bid the amount they were willing to pay. Participants
were required to enter their bid amount b in cents b 2 (0, 500). They knew that this
amount would be compared against a random number r 2 (0, 500) drawn from a uni-
form distribution, and that if b $ r, they would win the auction and purchase the
product for amount b but keep 500 – b of their endowment; otherwise they would
lose the auction but keep the full $5 endowment. Prior to the first auction, partici-
pants were given the chance to participate in two hypothetical practice auctions using
an imagined $1 to bid for a bottle of water.

The second auction (WTP-2) was a variation on the first. Specifically, participants
were given an additional $2 endowment which they could use to bid on two products
simultaneously, namely a packet of gummy sweets, and a packet of gummy sweets
with added multivitamins. Participants were required to enter two bid amounts in
cents, b1 2 (0, 200) and b2 2 (0, 200), subject to the constraint that b1 % b2 & 200.
The two bid amounts were compared against two uniformly distributed random num-
bers r1 2 (0, 200) and r2 2 (0, 200). The participants knew that they would win and
purchase both products if b1 $ r1 and b2 $ r2; neither product if b1 < r1 and b2 < r2;
or only one product if b1 $ r1 but b2 < r2, or b1 < r1 but b2 $ r2. At the end of the
experiment participants kept 200 – o1b1 – o2b2, where o1 is the outcome (1 if success-
ful; 0 otherwise) of bid b1, and o2 is the outcome (1 if successful; 0 otherwise) of bid
b2. This second auction was included to emulate the real-world scenario where con-
sumers face a choice between a product and a similar product containing an add-
itional supplementary ingredient (e.g. an added vitamin).

Interventions

Participants were randomly allocated to either a control or one of five intervention
conditions (see Figure 1). The intervention conditions all provided participants with
two information components: (i) a contingency table and (ii) an explanation. The con-
tingency table component conveyed information about the clinical outcomes of previ-
ous randomised controlled trials that have tested the efficacy of multivitamins. The
amount of information conveyed in each condition was varied in order to manipulate
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the strength of the illusion of causality. The information was presented as simple fre-
quencies (e.g. clinical trials show 3 out of 4 people experience a benefit). The explan-
ation component consisted of a statement that either refuted or confirmed the
efficacy of multivitamins.

The control condition only provided irrelevant information about the multivitamin
product on offer in the first auction: ‘Product A, which you will soon bid on, is avail-
able to purchase from various retail outlets in Perth.’ The control also provided a weak
refutation regarding the general efficacy of multivitamins: ‘There is currently insuffi-
cient clinical evidence to support a recommendation for or against the use of multivi-
tamins and mineral supplements for the general population’. This weak refutation was
based on a tentative ‘diplomatic’ type of refutation commonly used in real-world
attempts to debunk claims about ineffective health products. In this case, it was
adapted from a statement published on the National Institute of Health (NIH) website
(NIH, 2016a).

The quarter-contingency condition provided participants with a quarter of the null
contingency table—the number of people who took a multivitamin and reported a
health benefit. As it was not logical to present only one cell of information as a table,
participants instead received a statement to the same effect: ‘Countless people have
experienced a health benefit after taking multivitamins.’ This condition imitates both
the claims made by supplement companies and the relative scarcity of information
often available when people make health purchases. This condition included the same
weak refutation as the control condition.

The half-contingency condition provided participants with half of the null contin-
gency table, specifying the number of people who took a multivitamin and who did
and did not report a health benefit. A short interpretation of the numbers was also
provided: ‘So, 3 out of 4 people experienced a health benefit after taking a multi-
vitamin.’ This condition also imitates real-world advertiser claims although it provides
a more powerful illusion of causality than the quarter contingency because it appears
that a majority of people experience a benefit after taking a product. This condition
included the same weak refutation as the control condition.

The full-contingency condition provided participants with all four randomised con-
trolled trial outcomes of the null contingency table. A short interpretation of the num-
bers in the table was provided: ‘So, 3 out of 4 people experienced the same health
benefit after taking a multivitamin as after taking a sugar pill.’ As the full contingency
table clearly demonstrated that taking multivitamins resulted in the same health out-
comes as a placebo, participants in this condition received a strong refutation:
‘Therefore, the clinical evidence clearly shows that, for the general population, there is
no health benefit from taking multivitamin supplements.’

The full-contingency-plus condition was our principal intervention. This condition
provided participants with the same information as the full-contingency condition
with the addition of a scientific explanation underlying the perceived causal event,
that is, explaining why multivitamins are no more effective than taking a sugar pill:
‘This is because, unless a person has a specific medical deficiency, most modern diets
provide ample vitamins for the body to maintain healthy function.’ Previous research
has shown that providing alternate explanations to perceived causal events helps
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people overcome the illusion of causality (Vadillo, Matute, & Blanco, 2013). An add-
itional precedent for including the alternative causal explanation is based on the litera-
ture on refuting misinformation, where the provision of an alternative, factual
framework is considered a crucial component of an effective correction
(Lewandowsky, Ecker, Seifert, Schwarz, & Cook, 2012).

Finally, the positive-contingency condition provided participants with all four rando-
mised controlled trial outcomes of a positive contingency table, demonstrating that
more people experienced a benefit after taking multivitamins than after taking a sugar
pill. A short interpretation of the numbers in the table was also provided: ‘So, 3 out of
4 people experienced a health benefit after taking a multivitamin but only 1 out of 4
experienced a health benefit after taking a sugar pill.’ As the positive contingency
table clearly communicates that multivitamins are effective, participants in this condi-
tion received a strong confirmatory explanation: ‘Therefore, the clinical evidence
clearly shows that, for the general population, there is a health benefit from taking
multivitamin supplements.’ This condition allowed us to assess whether participants
would respond correctly to contingency tables that provide evidence for efficacy.

Fictitious efficacy rating

To assess whether the two full-contingency interventions generalised to reduce the
proportion of participants that fell prey to the illusion of causality, following the auc-
tion, participants were introduced to a fictional nausea drug ‘Product Z.’ To create an
illusion of causality, participants were only given a half-contingency table, which
showed that 4 out of 5 people experienced a health benefit from taking Product Z.
Participants were asked to rate the effectiveness of Product Z as either not effective,
mildly effective, very effective, or to indicate there was insufficient information to make
a judgement of effectiveness. We hypothesised that the full-contingency table condi-
tions would reduce the proportion of individuals who failed to identify there was
insufficient information to determine causality.

Factors influencing future health purchases

To assess whether the two full-contingency interventions generalised to help partici-
pants make better future health purchases, participants were asked to rate the import-
ance of 15 health-related factors using a 5-point Likert scale (1 = not important at all,
5 = extremely important). This questionnaire was designed to assess whether the full-
contingency table increased participants’ valuation of information critical to assessing
a product’s efficacy. The critical item was ‘placebo comparison’ information (i.e. ‘the
number of people who did, and did not, experience a benefit when taking a sugar
pill’). The remaining 14 items were distractors (e.g. the importance of ‘advertising
claims’). Item order was randomised.

Procedure

The experimental sessions were held in a computerised laboratory. In each session,
between one and six participants completed the experiment in parallel. Upon entering

8 D. MACFARLANE ET AL.

Chapter 3: Overcoming the illusion of causality 55 



the laboratory, participants were shown open money tins containing the cash endow-
ments. The experimenter followed a set verbal protocol to make clear that (i) partici-
pants would receive real money and/or health products at the end of the experiment,
depending on the outcome of the auctions, and that (ii) the results of the survey were
important for research so participants should take their time and respond as honestly
as possible. Participants then completed the experiment on one of six computer termi-
nals, separated by privacy blinds. Participants first responded to questions on demo-
graphics and the predictor measures before being shown the information about the
multivitamin product. The experimental software randomly allocated participants to
one of the six different conditions. Next, participants were introduced to the first auc-
tion and indicated their WTP for the multivitamin product. After bidding in the first
auction, participants were introduced to the second auction and indicated their WTP
for the two gummy sweet products. Participants then responded to the fictional prod-
uct question and the questions regarding their future health purchases. At the conclu-
sion of the experiment, participants received the leftovers of their cash endowments
and any purchased health products, before being fully debriefed.

Data analysis

All analyses were conducted in R (R Core Team, version 3.3.2, 2016). Associations
between WTP-1 and the four predictors (estimated usage, efficacy belief, general atti-
tude scores, and current state of health) were analysed using Spearman’s correlation
coefficient. For WTP-1, to examine the impact of the interventions on bid amounts, we
conducted a hierarchical multiple regression analysis with auction bid as the depend-
ent variable, and general attitude score and the between-participants factor of condi-
tion (control, quarter-contingency, half-contingency, full-contingency, full-contingency-
plus, positive-contingency) as the two predictor variables. Hierarchical regression was
employed over other methods due to the results of a pilot study, which revealed that
the general-attitude score was a strong predictor of WTP (see supplemental materials).
This approach provided a robust model for isolating the effect of the experimental
intervention from a pre-existing moderator of demand. Dummy coding was used to
indicate the conditions and specify the control as the baseline. Effect sizes were calcu-
lated for each comparison using Pearson’s correlation coefficient. For WTP-2, to test
whether condition influenced bid amounts in the second auction, we calculated a
ratio for each participant by dividing their bid for the multivitamin gummy sweets by
their bid for the regular gummy sweets (thus, the higher the ratio the greater the pref-
erence for the multivitamin product). To test whether participants’ bid ratio was influ-
enced by condition, we conducted a non-parametric Kruskal–Wallace test.

To assess whether the contingency-table interventions generalised into more
rational future health decisions, we conducted planned comparisons between so-called
‘condition groups’. To explain, for these analyses we grouped the conditions according
to our a-priori predictions, namely, the ‘full-contingency group’ (full-contingency and
full-contingency-plus conditions), the ‘constrained-information group’ (control, quarter-
contingency and half-contingency conditions), and the ‘positive-contingency group’
(positive-contingency condition). To determine whether the full-contingency group

PSYCHOLOGY & HEALTH 9

Chapter 3: Overcoming the illusion of causality 56 



and the constrained-information group differed in the assessment of the fictional
product’s efficacy, we ran a Pearson’s chi-squared test. To simplify our analysis, we first
re-coded the responses into two possible categories: correct (‘insufficient information
to determine efficacy’) and incorrect (‘very effective’, ‘not effective’ or ‘mildly
effective’). Regarding the survey on factors important for future health purchases, to
test whether condition group influenced ratings of placebo-comparison information,
we ran an asymptotic Kruskal–Wallace test. Planned comparisons were conducted
using Mann–Whitney U tests with sequential Bonferroni adjustment.

Pilot study

Prior to the current experiment, we conducted an online pilot study on US participants
recruited via Amazon’s Mechanical Turk (see supplemental materials), which yielded
two key findings. First, we obtained convergent evidence that the auction mechanism
indexes consumer demand for vitamin supplements in the form of positive correla-
tions between hypothetical WTP and the predictor measures of estimated usage, effi-
cacy belief, and general attitudes (the fourth, current-health predictor, was added only
for the main study). Second, based on the fictional health product scenario and future
health purchases questionnaire, we obtained strong evidence that individuals are vul-
nerable to the illusion of causality, and that they place relatively little emphasis on
clinical information when making health purchases. Thus, the pilot study confirmed
that our survey instruments are suitable for answering the current research questions.

Results

Willingness-to-pay

As anticipated, based on the results of our pilot study, WTP-1 was positively associated
with estimated usage of multivitamins, N = 158, rs = .19, p = .016; efficacy belief, N =
233, rs = .29, p < .001; and general-attitudes, N = 245, rs = .38, p < .001. The control
predictor of current health state was not correlated with WTP-1, N = 245, rs = .05, p
= .41.

In regard to WTP-1, Figure 2 shows the mean WTP across conditions, whereas
Table 1 shows the results of the multiple regression analysis. Participants’ general-atti-
tude score was significantly related to their WTP, F(1, 243) = 43.45, p < .001, indicating
that participants with more favourable attitudes toward health supplements exhibited
significantly higher WTP for the multivitamin product. After controlling for the influ-
ence of the general-attitude score, experimental condition also significantly predicted
WTP, F(5, 238) = 7.00, p < .001, indicating that participants’ WTP for multivitamins var-
ied reliably across conditions.

More specifically, there was a significant difference in WTP between the full-contin-
gency-plus condition and control, t(238) = #2.51, p = .013, 95% CI [#111.39, #13.40],
r = .16. We thus found statistical confirmation of Hypothesis I. However, WTP in the
remaining intervention conditions did not differ significantly from control: quarter-
contingency, t(238) = #0.21, p = .832, [#54.19, 43.62], r = .01; half-contingency, t(238)
= 1.83, p = .069, [#3.48, 94.15], r = .12; full-contingency, t(238) = #1.35, p = .179,
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[#82.26, 15.44], r = .09; and positive-contingency, t(238) = 1.90, p = .059, [#1.70,
95.91], r = .12. We thus reject Hypotheses II(a # d).

In regard to WTP-2, participants’ bid ratios were not significantly different across
conditions, H(5) = 2.61, p = .76. We thus reject Hypotheses IV(a # b).

Generalisation of condition effects

Differences in participants’ responses to the generalisation questions across the three
condition groups provided partial support for Hypothesis III. Regarding the fictional

Table 1. Hierarchical multiple regression analysis: General-attitude score and condition predict
willingness to pay (WTP-1) in the first auction.

DR2 B SE B b p

Step 1 0.15 <.001
Constant #57.24 39.76 .151
General-attitude score 87.71 13.30 0.39 <.001"""
Step 2 0.10 <.001
Constant #71.67 41.20 .0832
General-attitude score 93.11 12.82 0.41 <.001"""
Quarter-contingency vs. Control #5.29 24.82 #0.07 .832
Half-contingency vs. Control 45.34 24.78 0.20 .069
Full-contingency vs. Control #33.41 24.80 #0.45 .179
Full-contingency-Plus vs. Control #62.39 24.87 #0.27 .013"
Positive-contingency vs. Control 47.11 24.78 0.63 .059

Note. B! b-value, SE B! standard error, b! standardised Beta.
"p <.05, """p< .001.

Figure 2. Willingness to pay (WTP-1)—represented by mean bid amount—as a function of condi-
tion for the first auction. The sample size for each intervention condition was n! 41, compared to
n! 40 for the control condition. The black horizontal line represents the mean bid amount for the
control condition (M! 198.88c). Percentages indicate mean WTP change relative to control. Only
the full-contingency-plus condition significantly reduced WTP compared to control, whereas the
effects of the other intervention conditions were non-significant. Error bars represent standard
errors. "p! .013.
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product, there was no difference between the full-contingency and the constrained-
information groups, v2(1) = 0.25, p = .61. The odds ratio was 1.16 (0.62, 2.19), meaning
that the odds of an effect reducing the illusion of causality were comparable between
these condition groups. We thus reject Hypothesis III(a). Regarding the importance of
placebo-comparison information, we found an effect of condition group on ratings of
placebo-comparison information, H(2) = 7.59, p = .02. Post-hoc tests revealed that pla-
cebo-information was rated as more important in the full-contingency group (Mdn =
4) than in the constrained-information group (Mdn = 3), Ws = 4040, p = .048, r = #.15,
and the positive-contingency group (Mdn = 3), Ws = 2090, p = .048, r = #.15. The rat-
ing did not differ between the constrained-information and positive-contingency
groups, Ws = 2630, p = .61, r = #.03. We thus found statistical confirmation of
Hypothesis III(b), meaning that the full-contingency conditions improved participants’
valuation of placebo information, which is critical for making rational consumer deci-
sions regarding health products.

Discussion

Summary of findings

The present experiment used an incentivized auction mechanism to examine the fac-
tors that predict people’s WTP for multivitamins and the influence of a novel interven-
tion for reducing consumer demand. The results of the first auction revealed that
three factors predicted a greater WTP: (i) more frequent estimated usage, (ii) higher
efficacy belief and (iii) a higher general-attitude score. The results from the first auction
also showed that providing participants with the full-contingency-plus intervention sig-
nificantly reduced their WTP for multivitamins compared to control (Hypothesis I). By
contrast, the other variations of the contingency table (quarter, half, full and positive)
had no statistically significant effect on WTP compared to control (Hypothesis II). The
second auction explored the impact of each intervention on WTP when consumers
have the option to bid on two comparable products (only one of which contained
added multivitamins) simultaneously but found no significant differences in WTP
across conditions (Hypothesis IV). A secondary aim was to assess whether our interven-
tion had a general effect on people’s decisions regarding future health purchases
(Hypothesis III). At variance with our expectations, participants exposed to the two
full-contingency conditions were not significantly better than participants in the other
conditions at identifying the lack of sufficient information to assess the efficacy of a
fictional product. However, participants exposed to the two full-contingency condi-
tions did rate the importance of placebo-comparison information as higher than those
in the other conditions.

Our results demonstrate the potential impact of a novel intervention for reducing
demand for products that have no health benefits. We have provided preliminary evi-
dence that this intervention may be more effective at reducing WTP for ineffective
products than the ‘diplomatic’ refutation commonly used by health authorities (e.g.
‘there is currently no evidence that product X produces health benefits’). Furthermore,
our results are likely more ecologically valid than previous studies—which have pre-
dominantly used measures found to often over-estimate the effects of interventions,
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such as self-reported attitude change (Webb & Sheeran, 2006) or peoples’ own esti-
mated valuations (List & Gallet, 2001)—because the effect was demonstrated using a
naturalistic auction mechanism.

The present experiment serves as a proof of concept that employing simplified fre-
quency values within a contingency table can help overcome the illusion of causality.
This finding provides evidence that health authorities may benefit from simplifying
clinical outcomes to empower people to make rational health decisions, without of
course distorting the clinical findings. This may be especially feasible in cases where
there is overwhelming scientific consilience regarding a particular health remedy. If
our results can be replicated, this would suggest that health authorities should aim to
help people overcome the illusion of causality by communicating both the full picture
of randomised controlled trial outcomes and providing a valid alternative causal
explanation. We now consider why both components may be necessary.

Why might the intervention work?

The ‘full-picture’ component may operate in two ways. First, it could remove one
potential barrier to accepting clinical-trial information, namely the impact of a per-
ceived experienced benefit. The full picture provides a simple counter-explanation,
highlighting that a person may have experienced the same benefit even after placebo
treatment. Second, the full picture may empower participants to overcome their ten-
dency to rely on intuitive thinking (Lindeman, 2011) by increasing their own under-
standing of the scientific approach, and consequently their acceptance of clinical-trial
information. The full picture fosters comprehension of the logic behind randomised
controlled trials by highlighting why all four cells of a contingency table are critical,
and by simplifying large complex results into a meaningful pattern of comprehensible
units (i.e. a small number of individuals that can be easily visualized). The latter
explanation was supported by our finding that the full-contingency conditions subse-
quently increased participants’ rating of the importance of placebo-comparison infor-
mation for making health-related consumer decisions. The intervention may thus
empower people to better comprehend null-contingency findings of clinical trials.

The ‘alternate causal explanation’ component may operate by replacing partic-
ipants’ previously held pseudoscientific beliefs about why a product might be effect-
ive, such as ‘supplements boost the immune system.’ This component may serve to fill
the mental gap created when a prior belief is challenged by scientific evidence (Ecker,
Lewandowsky, & Tang, 2010; Johnson & Seifert, 1994). The importance of this step was
supported by the finding in the first auction that a full-contingency table on its own
did not significantly reduce WTP. Thus, interventions based on contingency informa-
tion may only be effective when accompanied by an alternative explanation that
serves to replace previously held, but unfounded, causal explanations.

Despite the success of the first auction, we were unable to detect a significant
effect of our principal intervention in the second auction (Hypothesis IV). There are
several explanations for this. First, both products were identical except that one con-
tained something additional (in this case vitamins) and may have thus been perceived
by participants to offer better value for money. Thus, the effect of the intervention

PSYCHOLOGY & HEALTH 13

Chapter 3: Overcoming the illusion of causality 60 



may have been offset by a purely economic value judgement. Second, participants
may have concluded that a supplement might still be worth taking despite the lack of
efficacy, as it may provide some benefit not yet proven by science. This reasoning
seems especially plausible given that no information was provided on potential harms
of multivitamin supplementation. Alternatively, as the intervention information was
not repeated prior to the second auction, participants may not have generalised the
intervention information to the second auction; instead, participants may have
ascribed the intervention information only to the specific multivitamin product in the
first auction. Indeed, our secondary analyses provided some evidence for this explan-
ation. Specifically, participants in the two full-contingency conditions were not signifi-
cantly better than those in the other conditions at correctly identifying that there was
insufficient information to assess the efficacy of the fictional product. This may suggest
that illusions of causality are particularly persuasive in novel situations.

Potential limitations

One potential limitation of the study may have been the creation of demand charac-
teristics through two avenues. First, the possibility of winning both multivitamin prod-
ucts may have driven down the bid price and contributed to general bidding noise.
Indeed, this possibility was considered prior to running the experiment and was the
reason why the second auction (WTP-2) was only presented and explained after the
main auction (WTP-1). Second, as students knew they were contributing to research,
this might have led them to behave more rationally than otherwise, which may have
reduced external validity (Nessim & Dodge, 1995). However, the effects were likely
negligible, as previous research has shown that the Becker–Degroot–Marschak auction
mechanism elicits WTP estimates comparable to real transactions (Miller, Hofstetter,
Krohmer, & Zhang, 2012).

Another potential limitation may stem from recruiting only university students.
Previous research has suggested that university samples can be relatively atypical of
the global population, which would necessarily limit the applicability of findings to
the broader populace (Henrich, Heine, & Norenzayan, 2010). However, as young,
health-conscious adults present a key target audience for supplement consumption,
the sample participants were likely suitable for the present study. Furthermore, one
study designed to empirically test differences in auction behaviour between student
and non-student populaces found no significant variation in WTP in an auction for a
vitamin-supplemented rice product (Depositario, Nayga, Wu, & Laude, 2009).
Nevertheless, it will be informative for future work to establish whether the interven-
tion effect does indeed generalise to a broader populace, and to a range of different
irrational remedies.

Implications

Our results provide a contribution to the literature by demonstrating a novel applica-
tion for evidence-based behaviour change campaigns; that is, they could be used to
reduce demand for irrational health remedies. This departs from the previous
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emphasis on reducing demand for products that are plainly harmful, such as ciga-
rettes, alcohol, and junk food. This novel application is of practical significance
because irrational health remedies present a mostly overlooked threat to public health.
For example, dietary supplements have been linked to an increase in mortality (Mursu
et al., 2011), a reduction in effectiveness of life-saving drugs (Byard & Musgrave, 2010)
and a host of unwanted side effects (Bjelakovic et al., 2014).

Our results are also noteworthy because they suggest a comparable impact to an
already established health intervention. The effect we observed—a 23% decrease in
WTP for a multivitamin product—is comparable to the effect reported by Thrasher
et al. (2011), who observed an 18% decrease in WTP for cigarettes from an interven-
tion that combined plain packaging with health warning labels. Our results are promis-
ing given the impact that health warning labels have had on reducing public demand
for cigarettes. To illustrate, one study found that nearly 44% of former smokers
reported that health warning labels had helped them quit smoking (Department of
Health and Aged Care, 2000). Our study provides preliminary evidence for a compar-
able intervention for health and science communicators to reduce demand for prod-
ucts that falsely claim to provide health benefits.

Concluding remarks

The current study presents preliminary evidence that consumer choices are influenced
by the illusion of causality. We have demonstrated that targeting this illusion by giving
people a simplified contingency table that summarises the full outcomes of a rando-
mised controlled trial, plus a scientifically valid causal explanation for why a health
product is ineffective, may reduce consumer demand for products that claim to have
a health benefit despite contrary scientific consilience. This intervention may therefore
offer an effective lever by which health authorities and science communicators can
reduce demand for irrational health remedies.
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Countering demand for ineffective health remedies: Do
consumers respond to risks, lack of benefits, or both?

Douglas MacFarlanea , Mark J. Hurlstonea,b and Ullrich K. H. Eckera

aSchool of Psychological Science, University of Western Australia, Perth, Australia; bDepartment of
Psychology, Lancaster University, UK

ABSTRACT
Objective: We tested whether targeting the illusion of causality
and/or misperceptions about health risks had the potential to
reduce consumer demand for an ineffective health remedy (multi-
vitamin supplements).
Design: We adopted a 2 (contingency information: no/yes) ! 2
(fear appeal: no/yes) factorial design, with willingness-to-pay as the
dependent variable. The contingency information specified, in table
format, the number of people reporting a benefit vs. no benefit
from both multivitamins and placebo, plus a causal explanation for
lack of efficacy over placebo. The fear appeal involved a summary
of clinical-trial results that indicated multivitamins can cause health
harms. The control condition received only irrelevant information.
Main outcome measure: Experimental auctions measured peo-
ple’s willingness-to-pay for multivitamins. Experiment 1 (N" 260)
elicited hypothetical willingness-to-pay online. Experiment 2
(N" 207) elicited incentivised willingness-to-pay in the laboratory.
Results: Compared to a control group, we found independent
effects of contingency information (-22%) and the fear appeal
(-32%) on willingness-to-pay. The combination of both interven-
tions had the greatest impact (-50%) on willingness-to-pay.
Conclusion: We found evidence that consumer choices are influ-
enced by both perceptions of efficacy and risk. The combination
of both elements can provide additive effects that appear super-
ior to either approach alone.
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Ineffective health remedies

The consumption of ineffective health remedies—remedies that are untested, or found
to be ineffective, or even harmful—causes extensive and persistent harms to individu-
als. Harms include side-effects, financial costs, interactions with conventional medica-
tions, and opportunity costs of delays in getting critical diagnoses and effective
treatment (U.S. Food & Drug Administration [FDA], 2019; Macfarlane et al., 2020). An
example of such a remedy is multivitamin supplementation (hereafter, ‘multivitamins’)
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for healthy individuals, which extensive clinical testing has shown to be ineffective
(Bjelakovic et al., 2012; Guallar et al., 2013; Jenkins et al., 2018) and potentially harmful
(Mursu et al., 2011). Evidence-based interventions are thus needed to protect consum-
ers from misleading claims about such remedies.

One approach to designing evidence-based interventions is to target the psycho-
logical mechanisms that drive demand for health remedies (Macfarlane et al., 2020).
The perception that multivitamins are beneficial (i.e., the perception of efficacy), for
example, is often driven by a mechanism known as the illusion of causality, which
occurs when people perceive a causal relationship between an action (e.g., consuming
a multivitamin) and a subsequent but unrelated outcome (e.g., feeling healthy).

One recent study (Macfarlane et al., 2018b) showed that a novel way to overcome
the illusion of causality is to communicate clinical trial outcomes in a simplified contin-
gency table—a table showing the number of people reporting a benefit vs. no benefit
from taking a treatment (e.g., a multivitamin) or a placebo—in combination with an
alternative causal explanation why a treatment did not cause a benefit over placebo.
This contingency-information intervention is thought to work through two mecha-
nisms. First, it communicates simplified clinical results—using small, cognitively-man-
ageable frequencies rather than complex probabilities—showing the lack of benefits
for a product (e.g., 3 out of 4 people experienced the same benefit from taking a
multivitamin as from taking a placebo sugar pill). Communicating simplified clinical
results is important because when people are given complex proportions, they tend to
misinterpret the results through several cognitive biases such as denominator neglect
(i.e., when probability estimates are skewed by disproportional attention to absolute
numbers over the actual proportion) or availability bias (i.e., the tendency to believe
that examples that come readily to mind are representative of reality; see Gigerenzer
et al., 2007; Slovic et al., 2007; Yamagishi, 1997 ). Second, the contingency intervention
fills the mental gap left by debunking a previously held belief (e.g., “supplements boost
the immune system’; see Ecker, Lewandowsky, & Tang, 2010) by providing an explan-
ation for the lack of benefits (e.g., ‘most modern diets provide ample vitamins for the
body to maintain healthy function’). Whilst this previous study found promising results
of the contingency information intervention using an experimental auction—namely a
23% reduction in willingness-to-pay for a multivitamin product—the study needs to be
replicated to have confidence that the effect is robust.

One aim of the present study was thus to replicate our previous finding. We also
aimed to test whether the contingency intervention could be strengthened by concur-
rently targeting another psychological driver of consumer demand, namely the belief
that alternative, or ‘natural’, health remedies are harmless. This perception drives
demand through two key mechanisms. First, a perceived lack of harm encourages peo-
ple to experiment more frequently with a remedy (to obtain a desired outcome, such
as recovering from a cold), which strengthens the illusion of causality by repeatedly
reaffirming the association of the action (consuming a remedy) with a subsequent
unrelated outcome (feeling healthy). Second, a perceived lack of harm can increase
people’s belief that a product is also beneficial through an ‘affect heuristic’ (Finucane,
Alhakami, Slovic, & Johnson, 2000)— whereby people tend to judge risks and benefits
as negatively correlated even when the nature of the benefits is both distinctively and
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qualitatively different from the nature of the risks (see Alhakami & Slovic, 1994;
Fischhoff et al., 1978; Slovic et al., 2007). While this heuristic enables us to make quick
judgements, it also leaves us vulnerable to manipulation, especially when there is less
opportunity for analytical deliberation. For example, if an antibiotic is portrayed as low
in risk, this contributes to the perception that it is also high in benefit, and vice versa.
Equally, if cancer screening is portrayed as low in benefit, this contributes to the per-
ception that it is also high in risk, and vice-versa (Ghanouni et al., 2017). In other
words, evaluations of risks and benefits tend to be causally determined, meaning that
the perception of one attribute can be influenced by manipulating information about
the other (Finucane et al., 2000). Therefore, if a remedy is portrayed as having no ben-
efits and also potential harms then both factors should work in the same direction to
reduce people’s perception of overall value.

This prediction challenges the often-assumed dichotomy that health communica-
tions should only be framed around either benefits or harms. In other words, much
research has advocated for either negative or positive messages (Akl et al., 2011;
Gallagher & Updegraff, 2012; Jung & Villegas, 2011; Kok et al., 2018; O’Keefe & Jensen,
2008; Riet et al., 2008). However, as others have argued (Kidd, Bekessy, & Garrard,
2019; McAfee & Connell, 2019; Peters et al., 2018), to change complex behaviour, a
more sophisticated approach may be needed that acknowledges the relevance of
both frames and the balance between them depending on context.

Thus, in two experiments we sought to test whether augmenting the contingency
intervention (countering the perception of efficacy) with a fear-inducing intervention
communicating information about potential harms would yield a reduction in willing-
ness-to-pay for multivitamins greater than that observed for the contingency interven-
tion alone (while also assessing the fear appeal’s individual effect). Such fear
appeals—persuasive messages that depict a personally relevant and significant threat
and outline a feasible recommendation to avoid the harm; see Witte, 1994—have
been used in previous research to instigate behaviour change (for a review, see
Tannenbaum et al., 2015).

We made two key predictions. First, consistent with our earlier study, we expected a
main effect of contingency information, with stated willingness-to-pay lower in the pres-
ence versus absence of simplified contingency information (i.e., we expected the contin-
gency information to reduce bid amounts; Hypothesis 1). Second, and new to the
current study, we expected a main effect of fear appeal, with willingness-to-pay lower
with versus without a fear-inducing message (i.e., we expected the fear appeal to reduce
bid amounts; Hypothesis 2). We had two additional research questions: first, whether
there would be an interaction between the contingency information and the fear-appeal
interventions, and second, whether the effects of the two interventions differed signifi-
cantly from each other (i.e., which intervention had the greatest impact on bid amounts).

Method

This research was conducted in accordance with recommendations for obtaining qual-
ity evidence from behavioural interventions (Dombrowski et al., 2007). In particular,
the intervention was designed with a theoretical basis, tested via a randomised
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controlled trial, and reported with due regard to accepted CONSORT standards of
reporting for randomised controlled trials (Boutron et al., 2008). Ethics approval to
conduct both experiments was granted by the Human Ethics Office of the University
of Western Australia in accordance with the requirements of the Australian National
Statement on Ethical Conduct in Human Research (NHMRC, 2007).

Experiment 1

Participants

A sample of 260 online U.S.-based participants was recruited via Amazon’s Mechanical
Turk (MTurk)—an online labor market in which employers pay users for completing
short tasks known as Human Intelligence Tasks (HITs)1. Sample size was informed by
an a-priori power analysis (G#Power 3; Faul et al., 2007) that suggested a minimum
sample size of 180 to detect a medium-sized effect (f " .25) with a " .05, 1 - b " .80.
Participants were paid at a rate of US $7.25/hour pro rata (US federal minimum wage).
Two key eligibility criteria were also set to ensure quality data (Peer et al., 2014),
namely a HIT-approval rate of greater than 97% and the requirement to have previ-
ously completed at least 5,000 HITs.

Several a-priori exclusion criteria were applied to remove careless responders
(Oppenheimer et al., 2009). Participants were excluded who (i) gave non-differentiated
answers to every question in a survey block (Hamby & Taylor, 2016); (ii) completed a
survey block in less than the allocated minimum reading time (i.e., > 600 words per
minute; Carver, 1985); or (iii) responded erratically, with overly inconsistent responses
between pairs of equivalent questions (i.e., an odd/even threshold of > 2 Likert points
apart; Curran, 2016). Responses from a further 7 participants were removed due to a
system error (no condition was attributed to these participants). Final sample size was
thus N" 179 (90 females, 89 males; age M" 40.76, SD" 11.47)2.

Design

The experiment adopted a 2 (contingency information: no/yes) ! 2 (fear appeal: no/
yes) between-participants design, with bid amount (willingness-to-pay) as the depend-
ent variable. Participants were randomly allocated to one of the four intervention con-
ditions subject to the constraint of equal cell numbers.

Predictors and materials

We measured three potential predictors of willingness-to-pay by asking participants
(1): whether they had taken multivitamins in the past, and if so, to estimate their pre-
vious usage frequency on an eight-point scale (1" not in the past few years, 8" every
day); (2) to rate their belief in the effectiveness of the routine consumption of multivi-
tamins for maintaining general health (hereafter, ‘efficacy-belief’), using a 5-point scale
(1" not effective at all, 5" extremely effective; a sixth point was included in the scale
so that participants could respond ‘I don’t know’); and (3) to estimate their current
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state of health using a 4-point scale (1 " ‘Fine, healthy’, 4 " ‘Sick, exhausted’; as peo-
ple may only consider using multivitamins when they feel unwell).

A fourth predictor of willingness-to-pay was participants’ general attitudes toward
health supplements and alternative medicines (as prior beliefs can moderate responses
to health messaging; Myers, 2014). General attitudes were assessed using an 18-item
questionnaire. Each item consisted of a statement relating to a motivation for consum-
ing alternative health products (e.g., ‘Vitamins are natural, and supplements are there-
fore safe’ or ‘Vitamin supplements are only useful if a person has a specific
deficiency’). Participants were asked to rate how much they agreed with each state-
ment using a 5-point Likert scale (1" strongly disagree; 5" strongly agree). A compos-
ite score was calculated for each participant, which indicated their general attitude
towards health supplements and alternative medicines (hereafter, ‘general-attitude’).
To measure response consistency, each item was paired with a reverse-phrased state-
ment of similar meaning (i.e., 9 pairs of items). The order of items in the general-atti-
tude scale was randomised to control for order effects. The full general-attitude scale
can be found in (Macfarlane et al., 2018a).

Willingness-to-pay

To assess willingness-to-pay, data were collected using a variation of the Becker-
Degroot-Marschak auction mechanism (Becker et al., 1964; Thrasher et al., 2011).
Participants were asked to participate in a hypothetical auction and imagine they had
been given $5. In the auction, participants were given an opportunity to place a hypo-
thetical bid on a tube of effervescent multivitamin tablets. Participants were shown a
plain-packaged picture of the product and a general text about the product (e.g.,
‘… comes in a small tube of 10 tablets…’). Participants were asked to place a hypo-
thetical bid for only the amount that reflected how much they were willing to pay for
that product. Participants were told that this was different to other auctions in that
they could only bid once, and that it was in their best interest to bid the amount they
were willing to pay for the product. Participants were required to enter their bid
amount b in cents, with b 2 (0, 500). They knew that this amount would be compared
against a random number r 2 (0, 500) drawn from a uniform distribution, and that if
b$ r, they would win the auction and would purchase the product for amount b but
keep 500 – b of their endowment; otherwise they would lose the auction but would
keep the full hypothetical endowment. Prior to the auction, participants were given
the chance to participate in multiple hypothetical practice auctions to ensure they
understood how the auction worked. To mitigate against hypothetical bias, we
employed two established bias-reduction techniques (Penn & Hu, 2018), namely
‘cheap-talk’—asking participants to behave as they would if the auction was real
(Cummings & Taylor, 1999) and consequentiality—reminding participants that the
results of this study would have implications for significant public-health issues.

Self-efficacy

As the impact of fear appeals has been hypothesised to depend in part on a person’s
self-efficacy (Cooper et al., 2014: Peters et al., 2018)—the perceived capacity to alter
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one’s behaviour—we also assessed self-efficacy by asking participants to estimate their
‘ability to maintain a healthy vitamin intake without vitamin supplementation (e.g.,
through your diet)’ on a 3-point scale (1" Terrible – I need vitamin supplements;
3" Excellent, I do not need vitamin supplements).

Interventions

The control condition provided irrelevant information about the multivitamin product
on offer: ‘Product A, which you will soon bid on, is available to purchase from various
retail outlets.’ The control also provided a basic refutation regarding the general effi-
cacy of multivitamins: ‘However, there is currently insufficient clinical evidence to sup-
port a recommendation for or against the use of multivitamins and mineral
supplements for the general population.’ The basic refutation was based on a tenta-
tive ‘diplomatic’ type of refutation commonly used in real-world attempts to debunk
claims about ineffective health products. In this case, it was adapted from a statement
published on the National Institute of Health (NIH) website (NIH, 2016).

The contingency condition provided participants with summarised information
about the clinical outcomes of previous randomised controlled trials that have found
multivitamins not to provide any health benefits (see Figure 1). This intervention con-
sisted of three information components: (i) a contingency table, (ii) an explanation of
the table, and (iii) a scientific causal explanation of the overall outcome. It was
designed to help consumers overcome the illusion of causality and has been recently
shown to reduce willingness-to-pay for multivitamins (see MacFarlane et al., 2018b).

Figure 1. Summary of the information provided to participants in the two treatment conditions. In
the contingency table, the number below the smiling face represents the relative frequency of peo-
ple who reported experiencing a health benefit, and the number below the sullen face represents
the relative frequency of people who did not report experiencing a benefit.
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The fear-appeal condition provided participants with information about the sum-
marised results of several randomised controlled trials (Bjelakovic et al., 2012; Mursu
et al., 2011) that suggest multivitamin supplementation can cause health harms (see
Figure 1). The critical elements of this condition were based on a systematic review of
fear appeals by Tannenbaum et al. (2015), who argued that in order to be effective,
fear appeals need to (i) depict high health severity, (ii) depict high susceptibility of the
target audience, and (iii) include a self-efficacy manipulation that assures the audience
of their ability to avoid the stated harm.

The combined condition provided participants with the materials from the contin-
gency condition followed by the materials from the fear-appeal condition. The com-
bined condition was therefore designed to inform consumers that multivitamin
supplementation not only provides no health benefit but may also cause significant
health harms.

Future health purchases

To assess whether the interventions’ effects might generalise towards helping partici-
pants make better health purchases in the future, participants were asked to rate the
importance of 15 health-related factors using a 5-point scale (1" not important at all;
5" extremely important). These questions were designed to evaluate the impact of the
interventions on participants’ valuation of key information required to assess product
safety and efficacy. The critical item was ‘the number of people who did, and did not,
experience a benefit when taking a sugar pill’ (hereafter, ‘placebo comparison’)—this
is because it measures participants’ ability to recognise that comparing a treatment’s
benefit against placebo is crucial to assessing its efficacy. The remaining items were
distractors (e.g., ‘Advertising claims’, ‘Strength of active ingredients’, and ‘Experience of
people I know’). Item order was randomised.

Procedure

The experiment was executed using Qualtrics survey software. Participants were ini-
tially given an information sheet and provided informed consent. Participants then
responded to questions on demographics, multivitamin consumption, and the gen-
eral-attitude scale. Participants were then shown the information about the multivita-
min product before being introduced to the auction. Next, participants indicated their
willingness-to-pay for the multivitamin product. After the auction, participants
responded to questions regarding their future health purchases and their estimated
self-efficacy. At the conclusion of the experiment, participants were shown the results
of their hypothetical bidding. Finally, participants were fully debriefed.

Results

The general-attitude scale was found to have very good internal consistency reliability
(Cronbach’s a " .91). Associations between willingness-to-pay and the four predictors
were analysed via Spearman’s correlation coefficient. For estimated usage, we
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excluded participants who reported having never previously taken multivitamins. For
estimated efficacy belief, we excluded participants who responded, ‘I don’t know’.
Willingness-to-pay was positively associated with estimated usage of multivitamins,
n" 165, rs " .17, p " .02; efficacy belief, n" 176, rs " .35, p< .001; and general-atti-
tudes, n" 179, rs " .34, p< .001, indicating that participants with more frequent
usage, higher efficacy belief, and more favourable attitudes toward health supple-
ments had significantly higher willingness-to-pay for the multivitamin product. The
control predictor of current health state was not correlated with willingness-to-pay,
n" 179, rs " .02, p " .80.

We conducted a 2 (contingency information: no/yes) ! 2 (fear appeal: no/yes) ana-
lysis of covariance (ANVOCA) with stated willingness-to-pay as the dependent variable,
and general-attitude as the covariate. This analysis confirmed that participants gen-
eral-attitude was significantly related to their willingness-to-pay, F(1, 174) " 26.37,
p< .001. There was a marginally significant main effect of contingency information,
with willingness-to-pay lower when contingency information was provided, F(1, 174) "
3.2, p " .076, x2 " .01. There was a significant main effect of fear appeal, with willing-
ness-to-pay lower when a fear appeal was provided, F(1, 174) " 13.13, p< .001, x2 "
.056. There was no significant interaction, F< 1. Figure 2 shows the interaction plot for
Experiment 1.

To determine whether self-efficacy levels varied across conditions, we conducted an
ANCOVA with self-efficacy as the dependent variable, condition as the fixed factor,
and general-attitude as the covariate. We found that general attitudes were negatively
correlated with self-efficacy, F(1, 174) " 34.37, p< .001. This indicated that participants
with more favourable attitudes toward health supplements tended to report lower
self-efficacy. We also found that self-efficacy did not vary across conditions, M" 2.18,
F" 1.17, p " .33. We also assessed whether participants’ ratings of the importance of
a placebo comparison (critical to making informed future health purchases) was higher
for that half of the sample that received the contingency-condition (Mdn" 3) com-
pared to the half that did not (Mdn" 3). As the data were ordinal, we used a two-
tailed Mann-Whitney U test, but found the difference to be non-significant, U" 3611,
p " .25.

Figure 2. Willingness-to-pay across conditions in Experiment 1. Error bars indicate standard error.
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Discussion

The aim of this study was to evaluate the separate impacts of contingency information
and a fear appeal on willingness-to-pay for an ineffective health remedy. Consistent
with our previous study (MacFarlane et al., 2018b) , three factors predicted greater
willingness-to-pay for the multivitamin product: (i) more frequent estimated usage, (ii)
higher efficacy belief, and (iii) a higher general-attitude. We found that when we iso-
lated the effect of the contingency information on willingness-to-pay, its influence was
only marginally significant (Hypothesis I). This result thus failed to provide strong sup-
port for our previous finding that communicating a simplified contingency table can
help reduce consumer demand for an ineffective health remedy. When we isolated
the effect of the fear appeal, its influence on willingness-to-pay was statistically signifi-
cant (Hypothesis II). This novel result shows that communicating information about
the potential health risks of consuming an ineffective health remedy can have a meas-
urable impact on consumer demand. The absence of a significant interaction between
the two conditions indicates that contingency information and fear appeal have inde-
pendent and additive effects.

We found that participants with more favourable attitudes toward health supple-
ments reported lower self-efficacy (their ability to maintain a healthy vitamin intake
without vitamin supplementation). This provides support for the importance of boost-
ing people’s self-efficacy, and hence for including an efficacy-enhancing message (the
message most modern diets provide ample vitamins).

We did not find evidence that the placebo comparison was rated as more import-
ant by participants exposed to the contingency information. In contrast to our previ-
ous study, this suggests the intervention may not always generalise towards
increasing consumers’ awareness of the importance of clinical evidence when making
health purchases.

One potential limitation of Experiment 1 is that participants’ auction bids had no
real financial consequences. Despite our bias-reduction strategies, this may have con-
tributed to a hypothetical bias, whereby some participants may have taken the auc-
tion less seriously than they would have with real financial incentives (Loomis, 2011).
This, in turn, may have weakened the effect of the contingency-information interven-
tion. Accordingly, to validate the results, we sought to replicate the experiment using
real money and a real multivitamin product.

Experiment 2

Our second experiment aimed to evaluate the impact of the contingency information
and fear appeal interventions when participants’ choices had real financial consequen-
ces. Thus, the basic design and methodology was identical to Experiment 1, but
Experiment 2 was conducted in the laboratory, and bidding was incentivised—we
gave participants AU$5 to place real bids for a multivitamin product that they would
purchase if their bid was successful. We expected that incentivizing the experiment
would lead participants to more carefully consider their willingness-to-pay for the
multivitamin product. Furthermore, by improving the ecological validity of the
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experiment, we envisioned that variation in the bid amounts would more accurately
reflect the impact of the treatment conditions on consumer demand.

We also sought to empirically test whether the effects on willingness-to-pay were
comparable between the hypothetical and the incentivised versions of the experiment.
We hoped this analysis would provide evidence of the viability of conducting con-
sumer intervention research online.

Participants

A total of 207 undergraduate students from the University of Western Australia took
part in the experiment in exchange for course credit. One participant was excluded for
failing to wait for instructions prior to starting the experiment. Two data sets were
excluded due to system error that failed to allocate an intervention condition. The a-
priori exclusion criteria were identical to Experiment 1. Six respondents were excluded
for rushing and thus the final sample size was N" 198 (134 females, 64 males, 1 other;
age M" 20.87, SD" 5.94).

Predictors and materials

The same predictors and materials were used as in Experiment 1, except for a minor
change to the self-efficacy measure. To obtain a more refined estimate of participant
self-efficacy—their perceived ability to maintain a healthy vitamin intake without sup-
plementation—we increased the response measure from a 3-point to a 5-point scale.

Procedure

Experiment 2 was conducted in a computerised laboratory (http://bel-uwa.github.io).
In each session, between one and six participants completed the experiment concur-
rently. Upon entering the laboratory, the general procedure was explained to partici-
pants. During this explanation, participants were shown open money tins containing
the cash endowments. The experimenter followed a set verbal protocol to make clear
that (i) participants would receive real money and/or the multivitamin product at the
end of the experiment, depending on the outcome of the auction, and that (ii) the
results of the survey were important for research so participants should take their
time and respond as honestly as possible. Participants then completed the experiment
on one of six computer terminals, separated by privacy blinds. At the conclusion of
the experiment, participants received either the full cash endowment or their pur-
chased multivitamin product and the change left over from their cash endowment,
before being fully debriefed.

Results

The general-attitude scale was found to have good internal consistency reliability
(Cronbach’s a " .792). Analysis of Spearman’s correlation coefficient showed that will-
ingness-to-pay was positively associated with efficacy belief, n" 184, rs " .31, p< .001,
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and general-attitude, n" 198, rs " .24, p< .001. However, we did not detect a signifi-
cant association between willingness-to-pay and estimated usage of multivitamins,
n" 125, rs " .14, p " .11 The control predictor of current health state was not corre-
lated with willingness-to-pay, n" 198, rs " .002, p " .98.

We ran the same two-way ANCOVA as in Experiment 1, which confirmed again that
general-attitude was significantly related to willingness-to-pay, F(1, 193) " 11.15,
p< .001. After controlling for the effects of general-attitude, there was a significant
main effect of contingency information, with willingness-to-pay lower if contingency
information was provided, F(1, 193) " 7.36, p< .01, x2 " .03. There was also a signifi-
cant main effect of fear appeal, with willingness-to-pay lower if a fear appeal was pro-
vided, F(1, 193) " 4.48, p " .036, x2 " .016. There was no significant interaction,
F< 1. Figure 3 shows the interaction plot for Experiment 2. In contrast to Experiment
1, we found that participants’ rating of placebo comparison information was signifi-
cantly higher for that half of the sample that received the contingency information
(Mdn" 4) compared to the half that did not (Mdn" 3), U" 3933.50, p " .025. This
indicated that the full-contingency condition increased participants’ valuation of pla-
cebo-information, which is critical for making rational consumer decisions regarding
health products.

We ran the same ANCOVA to assess whether self-efficacy varied across conditions. We
again found that general attitudes were negatively correlated with self-efficacy, F(1, 191)
" 17.60, p< .001. As with Experiment 1, this indicated that participants with more favour-
able attitudes toward health supplements tended to report lower self-efficacy. We again
also found that self-efficacy did not vary across conditions, M" 3.85, F< 1, p " .50.

Discussion

The results of Experiment 2 were similar to Experiment 1 but provided more evidence
of the predicted impact of both interventions. Participants’ willingness-to-pay for the
multivitamin product was significantly reduced by both the contingency intervention
(Hypothesis I) and the fear-appeal intervention (Hypothesis II). There was again no

Figure 3. Willingness-to-pay across conditions in Experiment 2. Error bars indicate standard error.
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evidence of a significant interaction between the contingency-information and fear-
appeal manipulations.

The results of this incentivised study were generally consistent with the findings of
our previous incentivised study (MacFarlane et al., 2018b), namely that employing a
simplified contingency table with simple frequencies can help people overcome the
illusion of causality, and thus effectively counter demand for ineffective
health remedies.

In contrast to Experiment 1, we did find evidence that the placebo comparison was
rated as more important by participants exposed to the contingency information. This
supports the finding from our previous study (MacFarlane et al., 2018b) demonstrating
that the contingency intervention increases consumers’ awareness of the importance
of clinical evidence when making health purchases.

Conjoint Bayesian analysis

To obtain a clearer picture of the robustness of the evidence for each intervention, we
pooled the data of both experiments (N" 536)3 and analysed the results with Bayesian
inference using JASP (Version 0.10.2). Bayesian inference involves the comparison of
explanatory models that do or do not contain an effect of interest in order to quantify
evidence strength (either for the presence or the absence of an effect) as data accumu-
lates (JASP Team, 2019; Rouder et al., 2017; Wagenmakers et al., 2018). Evidence
strength is often expressed as a Bayes Factor (BF10), which is the ratio of the probability
of observing the data given a hypothesis (H1) over the probability of the data given the
null (H0). For example, BF10 " 2 would indicate that data are twice as likely under H1

than H0,which is considered ‘anecdotal’ evidence (evidence in favour of H1 is considered
‘moderate’ if 3< BF10< 10, ‘strong’ if BF10 10< 30, and ‘very strong’ if BF10 >30; for fur-
ther reading, see Berger & Berry, 1988; Wagenmakers, 2007; Wagenmakers et al., 2018 ).

We conducted a 2 (contingency information: no/yes) ! 2 (fear appeal: no/yes) ! 2
(bidding type: hypothetical vs. incentivised) Bayesian ANCOVA with willingness-to-pay
as the dependent variable, and general-attitude as the covariate. We assessed the
strength of the evidence against the null model for 37 potential models.

44

In addition to selecting the best-fitting model (the model with the greatest BF10),
we tested whether condition effects were comparable across the two bidding types by
assessing the evidence in favour of an interaction between the treatment factors and
bidding type. To reduce the risk of drawing misleading conclusions about the best
model, given the large number of potential models, we also conducted an analysis of
effects for variables and interactions. This analysis retained model-selection uncertainty
by averaging the conclusions from each candidate model as weighted by that model’s
posterior plausibility (Wagenmakers et al., 2018). Planned comparisons were then used
to assess each hypothesis by means of Bayesian t-test, as outlined in Wagenmakers
et al. (2018). The Cauchy prior width was set to its JASP default, r" 0.707.

Results

All models received strong evidence in comparison to the null model (see supplemen-
tal materials, Table S1). The best-fitting model included all four main effects (i.e.,
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contingency information, fear appeal, bidding type, and general-attitude; BF10 "
2.98! 1014). The effect of bidding type arose because hypothetical bids were lower
on average in Experiment 1 than incentivized bids in Experiment 2. A comparison of
the best model with the next-strongest model that included an interaction between a
treatment factor (namely, fear appeal) and bidding type (BF10 " 1.28! 1014) yielded
2.4-to-1 evidence against including the interaction. The analysis of effects revealed fur-
ther evidence against the inclusion of interactions between treatment factors and bid-
ding type (see supplemental materials, Table S2). Thus, although participants who
made hypothetical bids exhibited a reduced willingness-to-pay for the multivitamin
product compared to participants whose bids were incentivized, the impact of condi-
tion was comparable for both bidding types (see supplemental materials, Figure S2).
The average reduction in willingness-to-pay was calculated using the output of the
model-averaged posterior summary. Planned comparisons yielded strong evidence
(BF10 " 13.11) for an effect of the contingency information—an average reduction in
willingness-to-pay of 22.02%, as well as very-strong evidence (BF10 " 43,534) for an
effect of the fear appeal—an average reduction in willingness-to-pay of 31.61% (see
supplemental materials Figure S2). The interventions had the greatest effect in the
combined condition—an average reduction in willingness-to-pay of 50.23%.

General discussion

This study reported two experiments that sought to investigate the separate and joint
effects of contingency information and fear appeals on consumers’ willingness-to-pay
for an ineffective health remedy—multivitamins for maintaining general health. Using
a hypothetical auction, Experiment 1 showed that a fear appeal reliably reduced will-
ingness-to-pay, while the impact of the contingency intervention was only marginally
significant. Using an incentivised auction, Experiment 2 showed that both interven-
tions significantly reduced willingness-to-pay. Neither experiment found evidence of
an interaction between the contingency-information and fear-appeal manipulations,
suggesting that both interventions have independent and additive effects. Our con-
joint Bayesian analysis of the two experiments yielded strong evidence in support of
our two hypotheses, namely that both the contingency intervention and the fear
appeal independently reduced willingness-to-pay for multivitamins (by 22% and 32%,
respectively). These results suggest that the best strategy to reduce demand for inef-
fective health remedies would thus be to deploy both interventions concurrently,
which reduced willingness-to-pay by 50%.

We also found that, although participants who made hypothetical bids exhibited
lower willingness-to-pay than participants whose bids were incentivised, the impact of
the experimental manipulations on willingness-to-pay was comparable for both bid-
ding types (see Figures 2 and 3). This suggests that hypothetical scenarios may pro-
vide a useful methodology to estimate and assess intervention effects on consumer
demand in situations where using incentivised auctions may be impractical or uneth-
ical, such as when a product is known to cause significant harm (e.g., colloidal silver).

The present study provides additional evidence for the utility of a novel contin-
gency-information intervention (see MacFarlane et al., 2018b), which in this case
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served to counter the misconception that vitamin supplementation is essential for
maintaining general health. Moreover, our results provide evidence in favour of the
use of fear appeals in health communications; in this case, the fear appeal countered
the misconception that vitamin supplementation poses no risks to health. We note
that our fear appeal included an efficacy-enhancing message (namely, highlighting
that most modern diets provide ample vitamins) to assure participants that by doing
the recommended behaviour (i.e., stop consuming multivitamins) they would avoid
harm (i.e., vitamin deficiency). The finding in both experiments that participants with
more favourable attitudes toward health supplements tended to report lower self-effi-
cacy, supported the importance of including this message. Nevertheless, the benefits
of a fear appeal may be limited to situations in which consumers are able to stop
engaging in a behaviour. Our results do not provide evidence in favour of fear appeals
in situations where action is required (e.g., to make healthy food choices) or where
self-efficacy may be low (e.g., when a consumer is addicted to cigarettes; Peters et al.,
2018). Thus, future research should test the effects of contingency-information and
fear-appeal interventions on demand for more challenging products (e.g., fast food
or cigarettes).

The fact that the combination of contingency and fear interventions was most effect-
ive constitutes experimental evidence that perceived benefits and perceived risks of a
product can provide separate pathways to influencing consumer demand for irrational
products. The absence of an interaction between the two factors was somewhat of a
surprise—if perception of one attribute can be influenced by manipulating information
about the other (Finucane et al., 2000), one might expect the combination of both treat-
ments to be more than just additive. However, the observed result was still consistent
with our expectations, namely that both factors would complement each other in driv-
ing an overall assessment that a low-benefit/high-risk remedy is not worth consuming
(Alhakami & Slovic, 1994). Our findings therefore suggest that communicators seeking
to dissuade consumers from purchasing harmful health remedies should aim to counter
two distinct psychological drivers—perceived benefits and lack of risks—underlying con-
sumer demand for health remedies. This factorial approach represents a departure from
the often-assumed dichotomy (highlighted in debates about effectiveness of fear
appeals vs. positive messaging; e.g., Akl et al., 2011; Gallagher & Updegraff, 2012; Kok
et al., 2018) that health communicators must choose between framing public messages
as either promoting health benefits or reducing health risks.

In support of our previous study (MacFarlane et al., 2018b), we found evidence in
Experiment 2 (but not in Experiment 1) that the contingency intervention increased
participants’ valuation of placebo information, which is critical for making rational con-
sumer decisions regarding health products. The reasons for this discrepancy are
unclear, and we prefer not to speculate about them. Future research should investi-
gate whether repeated exposure to contingency information and/or more explicit
exposure of logical fallacies (Cook et al., 2017) could help consumers to be more vigi-
lant in seeking critical clinical information when making judgments about the efficacy
of novel health remedies.

More generally, we argue that our results highlight the considerable importance of
crafting interventions using insights from psychology (MacFarlane et al., 2020). Future
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research should consider targeting other emotional drivers of consumer demand; for
example, one promising avenue may be to compare the impact of fear appeals to
appeals that aim to elicit pathogen disgust—thus averting threat by means of avoid-
ing contamination due to repulsion (Collymore & McDermott, 2016; Huang et al.,
2017). For example, disgust communications to dissuade consumers from purchasing
ineffective remedies could be crafted by drawing on recent research showing wide-
spread adulteration (e.g., with undeclared plant and animal DNA) in the alternative-
remedy industry (Coghlan et al., 2015; Rocha et al., 2016).

Conclusion

The present study provides evidence that consumer choices are influenced by both
perceptions of efficacy and risk. We have provided further evidence that countering
the illusion of causality and providing a valid causal explanation for why a health rem-
edy is ineffective can reduce consumer demand for products that have been shown to
have no health benefit. We have also provided evidence that this intervention can be
considerably strengthened by augmenting it with information about known health
risks. Our results challenge the often-assumed dichotomy that health communication
messages need to either address benefits or harms; instead our results suggest that
the combination of both can provide additive effects that may be superior to either
approach alone. This research demonstrates that testing combinations of psychologic-
ally-informed interventions can provide health authorities with an iterative approach
to developing more effective levers to reduce demand for ineffective health remedies.

Notes

1. The experiment was first run with a separate sample of online participants (N" 164).
However, due to random chance, a key covariate differed across treatment conditions,
which violated the assumption of homogeneity of regression slopes (see supplemental
material Figure S1), meaning that the regression analysis of main effects would have been
inaccurate. Consequently, we re-ran the experiment with a second sample, and report this
second run here. The initial sample was, however, included in a joint Bayesian analysis of all
available data across both experiments; this analysis is presented after Experiment 2.

2. In the first iteration of the experiment, n" 6 respondents were excluded due to rushing and
n" 2 due to non-differentiating responses, giving a final sample size of N" 156 (74 females,
82 males; age M" 38.51, SD" 12.17).

3. Participants from both sub-samples of Experiment 1 were included. Due to regression to the
mean, the significant differences in participants’ general-attitude between conditions
observed in the first sub-sample of Experiment 1 were averaged out by the addition of
more participants. Thus, data from the first sub-sample could be included in the pooled
data without the data violating the assumption of homogeneity of regression slopes.

4. The 37 models included a model for each individual main effect of the covariate and the
independent variables; a model for each possible combination of these variables; and a
model for each of these combinations with each possible combination of interactions
between the relevant independent variables.
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Abstract:  

The COVID-19 pandemic has seen a surge of health misinformation, which has had serious 

consequences including direct harm and opportunity costs. We investigated (N = 678) the 

impact of such misinformation on two behavioral measures, viz. demand (i.e., willingness-to-

pay) for a spurious treatment, and propensity to promote (i.e., like or share) misinformation 

online. This is a novel approach, as previous research has used mainly questionnaire-based 

measures. We also compared two interventions to counteract the misinformation, viz. a 

tentative refutation based on materials used by health authorities, and an enhanced refutation 

based on best-practice recommendations. We found prior exposure to misinformation 

increased misinformation promotion (by 18%). Both tentative and enhanced refutations 

reduced demand (by 18% and 25%, respectively) as well as misinformation promotion (by 

29% and 55%). The fact that enhanced refutations were more effective at curbing promotion 

of misinformation highlights the need for debunking interventions to follow current best-

practice guidelines. 
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Statement of Relevance:  

Health misinformation proliferates online, especially during a crisis such as the COVID-19 

pandemic, when demand for effective treatments is pronounced. Such misinformation has the 

potential to cause harm; for example, a promoted treatment might be ineffective but have 

unintended side effects or prevent uptake of superior interventions (e.g., using a vitamin 

supplement to prevent viral infection while abstaining from social distancing or mask use). 

Combating misinformation about medical treatments is therefore a particularly exigent issue. 

Alas, counteracting misinformation is a non-trivial task, with psychological research 

demonstrating that even clearly-corrected misinformation can continue to influence reasoning 

and decision making. The present study targeted misinformation about vitamin E as a 

COVID-19 treatment. It shows that refutations that follow best-practice guidelines from 

psychological research are more potent than tentative refutations often employed by health 

authorities or the media, reducing both demand for the ineffective product and the propensity 

to share treatment misinformation online. 
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Refuting Spurious COVID-19 Treatment Claims Reduces Demand and Misinformation 

Sharing  

Misinformation—defined here as any information that is false—represents an 

extensive threat to society (Lazer et al., 2018). Smear tactics and political fake news have 

affected voter attitudes (Landon-Murray, Mujkic, & Nussbaum, 2019; Vaccari & Morini, 

2014), myths about vaccines have contributed to the re-emergence of measles (Poland, 

Jacobson, & Ovsyannikova, 2009), and climate change misinformation continues to pose a 

major barrier to mitigative action (Cook, Ellerton, & Kinkead, 2018).   

The COVID-19 pandemic is another case in point. Misinformation has proliferated, 

especially on social media, including claims that the virus originated as a bioweapon, or that 

health supplements or even onions could be effective treatments (e.g., Dupuy, 2020). This 

can fuel hostility toward groups perceived to be responsible for the virus (Devakumar, 

Shannon, Bhopal, & Abubakar, 2020) or draw people toward ineffective or even harmful 

remedies, at variance with official health advice (Van Bavel et al., 2020). Accordingly, the 

World Health Organization (WHO) noted that the pandemic has been accompanied by an 

infodemic, characterized by a deluge of false information amplified by modern 

communication technologies (Zarocostas, 2020). Given the scale of the problem, 

considerable efforts are being undertaken to raise awareness and fact-check common claims 

(e.g., Therapeutic Goods Administration, 2020; Weule, 2020). However, the question arises 

as to how successful these efforts will be, and to what extent individuals initially misled by 

false information will adjust their beliefs and behaviors after being exposed to a refutation.  

Findings from cognitive psychology suggest refuting misinformation is no easy task. 

An extensive literature has demonstrated that even corrected misinformation often continues 

to influence individuals’ memory, reasoning, and decision making––the so-called continued 

influence effect (Chan, Jones, Hall Jamieson, & Albarracín, 2017; Lewandowsky, Ecker, 
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Seifert, Schwarz, & Cook, 2012; Walter & Tukachinsky, 2020). Post-correction reliance on 

misinformation can occur despite demonstrable memory for the correction; it can even arise 

with fictitious or trivial information. This suggests that the continued influence effect is a 

cognitive effect that does not necessarily depend on individuals’ motivation—it can emerge 

from failures of memory updating or retrieval processes alone (Rich & Zaragoza, 2016; 

Swire, Ecker, & Lewandowsky, 2017). 

Much of the literature on continued influence has focused on how misinformation is 

best counteracted (Paynter et al., 2019; Walter & Tukachinsy, 2020). Based on this research, 

several best-practice recommendations have been identified for crafting refutations. 

Specifically, refutations should: (1) come from a trustworthy source (Ecker & Antonio, 2020; 

Guillory & Geraci, 2013) and, if applicable, discredit the disinformant by exposing their 

hidden agenda (Walter & Tukachinsky, 2020); (2) make salient the discrepancy between false 

and factual information, which has been shown to facilitate knowledge revision (Ecker, 

Hogan, & Lewandowsky, 2017; Kendeou, Butterfuss, Kim, & van Boekel, 2019); (3) explain 

why the misinformation is false, providing factual information to replace the false 

information in people’s mental models (Paynter et al., 2019; Swire et al., 2017); and (4) draw 

attention toward any misleading strategies that might have been employed by proponents of 

the misinformation (e.g., Cook et al., 2018; MacFarlane, Hurlstone, & Ecker, 2018, 2020a). 

Regrettably, real-world refutation attempts often do not take into account these 

recommendations. For example, it is common for official bodies to adopt a tentative, 

“diplomatic” approach in their communication (MacFarlane et al., 2018, 2020a; Paynter et 

al., 2019). To illustrate, the Australian Therapeutic Goods Administration (TGA) writes 

“there is no robust scientific evidence to support the usage of [high dose vitamin C] in the 

management of COVID-19” (TGA, 2020). Such a diplomatic approach to refutation may 

sometimes be called for to express nuance, and this may be of particular concern during a 
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pandemic characterized by much uncertainty (e.g., Chater, 2020). However, it is important to 

recognize that such tentative refutations leave open the possibility that misleading 

information may turn out to be true, which can then be exploited by individuals or 

organizations with ulterior motives (MacFarlane, Hurlstone, & Ecker, 2020b; Oreskes & 

Conway, 2010). It is therefore clear that refutations of health misinformation need to be well-

designed in order to both provide an accurate reflection of the best-available evidence and 

achieve the desired outcome, taking into account the cognitive biases that disinformants—

such as health fraudsters trying to sell a product—seek to exploit.  

Arguably the greatest weakness of existing research into the continued influence 

effect is its near-universal reliance on questionnaire measures of reasoning, as some of the 

most harmful effects of misinformation may be on behaviors. In reality, a more consequential 

indicator of the success of a particular strategy to refute misinformation is consumer 

behavior. The need for objective behavioral indicators is particularly acute in the context of 

COVID-19, where the combination of high anxiety levels and need for effective treatment 

may foster misinformation-driven demand for spurious remedies that are ineffective and 

often dangerous, including bleach, methylated spirits, or essential oils (e.g., Spinney, 2020). 

Given the well-established attitude-behavior gap (e.g., McEachan, Conner, Taylor, & 

Lawton, 2011), it is critical to study how misinformation affects behavior, and to what extent 

corrections can undo those effects (Hamby, Ecker, & Brinberg, 2020).  

Against this backdrop, and building on previous theoretical work in this area 

(MacFarlane et al., 2020b), the aim of the present study was to investigate the following two 

questions: (1) How does exposure to COVID-19 misinformation influence concrete 

behaviors, viz. people’s willingness-to-pay for ineffective health products and their 

subsequent propensity to spread misinformation? (2) Are enhanced refutations based on best-
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practice psychological insights better suited to counteract the behavioral impacts of 

misinformation, compared to the tentative refutations often used by authorities?  

To this end, we exposed participants to misinformation1 suggesting that vitamin E is 

an effective remedy for COVID-19 and then provided them with either no refutation, a 

tentative refutation based on real-world sources, or an enhanced refutation based on best-

practice psychological insights. Instead of using the questionnaire approach typical of 

misinformation-debunking studies, we examined participants’ willingness to pay for a 

vitamin E supplement, and their propensity to promote a social-media message endorsing use 

of vitamin E to treat COVID-19. We hypothesized that misinformation exposure would 

increase willingness to pay and misinformation promotion, and that the enhanced refutation 

would more effectively reverse this effect than the tentative refutation.  

Method 

The experiment adopted a between-participants design with four conditions (control 

vs. misinformation vs. tentative refutation vs. enhanced refutation), with two dependent 

variables: “willingness-to-pay”—the amount bid on a vitamin E supplement in an 

experimental auction—and “misinformation-promotion”—a score derived from a 

participant’s engagement with a social-media post endorsing the misinformation.  

Participants 

A sample of 680 U.S.-based adult participants were recruited via Amazon’s 

Mechanical Turk (MTurk). To ensure data quality, participants had to meet eligibility criteria 

of 97% approval rate and a minimum of 5,000 prior tasks completed. An a-priori power 

analysis suggested a minimum sample size of 309 to detect an effect of f = .16 (based on the 

 
1 The term disinformation—false information that is crafted and disseminated with the intent 
to deceive—may be more appropriate here; however, we decided to use the broader term 
because ill intent cannot be assumed for all instances of advocacy for alternative health 
remedies. 
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contrast between control and “full-contingency plus” conditions in MacFarlane et al., 2018) 

in our primary contrast (misinformation vs. enhanced refutation) with df = 1, α = .05, 

1 – β = .80. Total sample size of 680 was calculated by extrapolating this to incorporate four 

conditions and an estimated 10% exclusion rate. Participants were randomly allocated to one 

of the four intervention conditions, subject to the constraint of approximately equal cell sizes.  

Two a-priori exclusion criteria were applied to remove careless responders. One 

participant was excluded for giving non-differentiated answers to every question in a survey 

block, and another for responding erratically, with overly inconsistent responses between 

pairs of equivalent questions (i.e., an odd/even threshold of > 2 Likert points apart). Final 

sample size was thus N = 678 (344 females, 328 males, 3 non-binary, 3 participants of 

undisclosed gender; age M = 42.81, SD = 12.64). 

Materials 

Predictors. We measured several potential predictors of willingness-to-pay 

(following MacFarlane et al., 2018). These included one-item measures of previous 

consumption of vitamins, efficacy belief, and current state of health (for details and analysis, 

see Supplemental Material A). We also included two multi-item covariates: an 18-item 

measure of general attitudes toward health supplements, and a four-item measure of COVID-

19 related concerns (see Supplemental Material A and B). 

Interventions. Dependent on condition, participants were presented with one or two 

articles (provided in Supplemental Material B). The control condition used a news article 

providing general information about the importance of a healthy immune system for fighting 

COVID-19. The article was modelled on two pieces (Collins, 2020; Weule, 2020) from 

reputable and independent media outlets, The Conversation and the Australian Broadcasting 

Corporation. It highlighted the importance of maintaining a balanced diet, regular exercise, 

and good sleep. To provide a background as to why participants were bidding on a vitamin E 
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supplement, the article included a quote from the U.S. National Institute of Health “Vitamins 

and Minerals” website, “Vitamins and minerals are…essential for health. The lack of a 

specific micro-nutrient may cause…disease. Vitamin E, for example, acts as an antioxidant 

and is involved in immune function. It helps to widen blood vessels and keep blood from 

clotting. In addition, cells use Vitamin E to interact with each other and to carry out many 

important functions.” The control article was therefore not fully neutral but contained some 

allusion that vitamin E supplementation might provide some protection from viral infection. 

The article also noted that whilst some people believe that vitamin supplements are essential, 

dietitians say that taking supplements is not necessary unless you have a specific nutrient 

deficiency or dietary need.  

The article in the misinformation condition additionally contained false claims 

suggesting vitamin E can protect against COVID-19. These were modelled on 

misinformation spread via social media during the early stages of the pandemic (Bogle, 2020; 

RMIT Fact Check, 2020; Weule, 2020). We invented a fake expert, Dr. Avery Clarke, and 

used several deceptive techniques employed by real-life fraudsters (MacFarlane et al., 

2020b): (1) an appeal to authority, “Dr. Avery Clarke…said…experts in Taiwan have shown 

that COVID-19 can be slowed, or stopped completely, with immediate widespread use of high 

doses of Vitamin E”; (2) creating an illusion of causality through false testimony, “I have 

seen patients who showed early symptoms of COVID coming on; I told them to try large 

doses of Vitamin E, and symptoms went away in just a few days”; (3) an appeal to Nature, 

“what’s more, this remedy is completely natural”; (4) conspiratorial thinking, “I am urgently 

trying to get this message out now because it doesn’t get much airtime—after all, it’s cheap 

and readily available, so there’s not much money in it”; and (5) an appeal to morality 

“Imagine if you, or one of your loved ones, gets sick or dies, from something that is 

completely preventable.” 
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In the tentative-refutation condition, the misinformation article was followed by a 

second article that highlighted the lack of evidence for claims about vitamin E and COVID-

19. It was based on a tentative, “diplomatic” refutation style commonly used in real-world 

attempts to debunk claims about ineffective health products; specifically, it was modelled on 

an article featuring interviews with a disease expert and a dietitian (Weule, 2020). We 

invented a public health expert, Prof. Simon Corner, and outlined his response to Dr. Avery’s 

claims, “There is no conclusive evidence that vitamin [E] supplements can delay the onset of 

an infection or treat respiratory infections, such as COVID-19. Furthermore, vitamin and 

mineral supplements are not recommended for the general population.” The final paragraph 

noted that there were some exceptions (e.g., people with specific vitamin deficiencies) and 

recommended people talk to a doctor, pharmacist, or accredited dietitian.  

In the enhanced-refutation condition, the misinformation article was followed by a 

refutational article that, instead of simply noting lack of evidence, explained the techniques 

used in the misinformation article to deceive readers. This enhanced refutation was based on 

psychological insights regarding the effective debunking of misinformation (MacFarlane et 

al., 2020a, 2020b; Paynter et al., 2019; Walter & Tukachinsky, 2020). The key components 

of the enhanced refutation were: (1) highlighting the trustworthiness of the refutation source: 

“Professor Simon Corner, a public health expert at the University of Chicago” and the 

untrustworthiness of the misinformation source: “Dr. Clarke intentionally hides the fact that 

he is not a medical doctor and that his many false claims are rejected by the medical 

community”; (2) making salient the discrepancy between fact and fiction: “Dr. Clarke is 

spreading false and misleading information to deliberately deceive people. […] Dr. Clarke’s 

message starts with some true facts about the benefits of vitamins […but] there is no clinical 

evidence that Vitamin E supplements have any impact on COVID-19”; (3) providing a factual 

alternative account: “The only proven way to keep safe from COVID-19 is to maintain 
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physical (social) distancing and ensure proper hygiene practices”; and (4) drawing attention 

to deceptive and misleading strategies, which in this case included (a) debunking the appeal 

to nature: “Using terms such as ‘natural’ is designed to get people to associate the proposed 

treatment with being harmless”; (b) highlighting the previously overlooked risks: “high doses 

of Vitamin E supplements have been linked to adverse side-effects…and some more serious 

diseases”; (c) debunking the appeal to morality: “sharing such bogus remedies with your 

family would put them at risk of serious side-effects, while providing no benefit”; 

(d) counteracting the illusion of causality: “the majority of people will recover from COVID-

19 thanks to their own immune systems, irrespective of any dietary supplements or unproven 

remedies they may or may not have taken.” 

Dependent measures. 

Willingness-to-pay. To assess willingness-to-pay, we used an experimental auction 

(MacFarlane et al., 2018; also see Becker, DeGroot, & Marschak, 1964; Thrasher, Rousu, 

Hammond, Navarro, & Corrigan, 2011). The auction was hypothetical but previous 

experiments have shown that results obtained using this hypothetical auction format are 

comparable to those under fully-incentivized conditions (i.e., when bidding using real money 

for real products; MacFarlane et al., 2020a). First, participants were asked to imagine they 

had been given a $5 endowment. They then had an opportunity to place a bid on a bottle of 

100 vitamin E capsules. Participants were shown a plain-packaged picture of the product and 

a generic text (e.g., “…The supplement is designed to be taken once a day.”). It was 

explained that the auction was different from other auctions in that participants could only 

bid once, and it was in their best interest to bid the amount they were willing to pay for the 

product. Participants entered their bid amount b in cents, with b ∈ (0, 500). They knew this 

amount would be compared against a random number r ∈ (0, 500) drawn from a uniform 

distribution, and that if b ≥ r, they would win the auction and purchase the product for 
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amount b but keep 500 – b of their endowment; otherwise they would lose the auction but 

keep the full hypothetical endowment. There was an initial practice auction to ensure 

participants understood the procedure. At the end of the auction, they were informed about 

the outcome, and were shown their bid amount, the random comparison amount, and their 

“take-home” amount. To mitigate hypothetical bias, we employed two established bias-

reduction techniques, namely “cheap-talk”—asking participants to behave as they would if 

the auction was real—and consequentiality—reminding participants the results of this study 

would have implications for significant public-health issues.  

Misinformation-promotion. To assess participants’ propensity to promote 

misinformation via social media, we developed a novel measure. Participants were presented 

with four social-media posts, and they were asked to indicate how they would interact with 

each post using one of three options, namely “share”, “like”, or “flag”. Each option was 

accompanied by a brief explanation: Participants were told they could “Share the post 

publicly, so more people could read it”; “Like the post, so your contacts see that you agree 

with it”; or “Flag the post if you think it is inappropriate (e.g., offensive, inaccurate, 

misleading, or promoting illegal activity)”. Participants were also told they could choose not 

to interact with a post, thus enabling “pass” as a fourth response option.  

The posts are shown in Figure 1. Three posts were on topics generally related to 

health and/or COVID-19, whereas the fourth contained an endorsement of misinformation, 

namely that vitamin E can treat COVID-19. Interest centered on responses to this target post, 

which was always presented last. The general posts were presented first (in random order) as 

decoys to help manage demand characteristics. To ensure plausibility, two of the decoy posts 

were real tweets from the Wall Street Journal and the World Health Organization. To avoid a 

slight confound that only the target post was from an individual doctor, the third decoy post 

(relating to a tweet from New Scientist) was also from an invented doctor. 
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Figure 1. The social media posts shown to participants. Posts (a) to (c) are decoys; posts (b) 

and (c) are real tweets, whereas post (a) is a real tweet associated with a fictional handle. Post 

(d) is the target post containing endorsement of the misinformation.  

Procedure 

Ethics approval was granted by the Human Research Ethics Office of the University 

of Western Australia. The experiment was run using Qualtrics software (Qualtrics, Provo, 

UT). Participants were initially given an ethics-approved information sheet and provided 

informed consent. They then responded to questions on demographics, vitamin E 

consumption, the general-attitude scale, and the COVID-19 questions. Participants then read 
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the article(s) associated with the condition they were assigned to. This was followed by the 

auction and the social-media engagement task. Finally, participants were debriefed; this 

included a detailed refutation of the misinformation participants had encountered (following 

the procedure in the enhanced-refutation condition), and participants had to demonstrate their 

understanding by correctly answering a question regarding the gist of the debriefing. The 

experiment took approximately 17 minutes; participants were paid US$2.50.  

Results 

Willingness-to-pay  

On a descriptive level, willingness-to-pay means across control (C), misinformation 

(M), tentative-refutation (TR), and enhanced-refutation (ER) conditions were MC = 208.27c 

(SE = 11.05), MM = 221.75c (SE = 12.19), MTR = 181.97c (SE = 11.83), and MER = 167.28c 

(SE = 12.33). Thus, the refutations reduced willingness-to-pay by 18% and 25%, relative to 

the misinformation condition. 

We conducted an analysis of covariance (ANCOVA) with a four-level condition 

factor, willingness-to-pay as the dependent variable, and general attitude toward health 

supplements (hereafter: general attitude) and COVID-19 concern as covariates. There was a 

significant main effect of condition, F(3,672) = 5.76, p < .001, ω2 = .02 (see Figure 2). There 

was also a significant effect of general attitude, F(1,672) = 150.45, p < .001, ω2 = .18, 

indicating that greater support for supplements was associated with greater willingness-to-

pay. There was no significant effect of COVID-19 concern, F < 1. 

Tukey post-hoc tests revealed mean willingness-to-pay was greater in the 

misinformation condition than the tentative-refutation condition (Δ = 43.86c, 95% CI 4.73 – 

82.98, t = 2.89, p = .021, d = 0.28) and the enhanced-refutation condition (Δ = 59.46c, 95% 

CI 20.41 – 98.51, t = 3.92, p < .001, d = 0.37). There were no significant differences between 

the other conditions (see Table S1 in Supplementary Material A for details). 
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Figure 2. Violin plots showing willingness-to-pay (WTP) for the vitamin E supplement 

across conditions. Red markers and error bars indicate means and 95% confidence intervals.  

Misinformation-promotion 

In terms of participant proportions across response categories and conditions, 50.0% 

of participants in the control condition engaged in liking or sharing of the misinformation-

endorsing social-media post. This increased to 59.1% in the misinformation condition (i.e., an 

18.1% increase) but dropped to 41.7% and 26.6% in tentative-refutation and enhanced-

refutation conditions, respectively (i.e., 29.5% and 54.9% reductions relative to the 

misinformation condition). See Table S3 in Supplementary Material A for further details.  

To formally evaluate participants’ propensity to promote the misinformation post, we 

converted the four response options into a single measure (“misinformation-promotion”). We 

re-coded each response option to reflect the progression toward an increasing propensity to 

spread misinformation: flag = -1 (actively combatting the spread of misinformation); pass = 0 

(not contributing to the spread of misinformation); like = 1 (signaling approval of 
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misinformation and increasing its salience); share = 2 (actively spreading misinformation). 

An asymptotic Kruskal-Wallis test found that condition significantly influenced 

misinformation-promotion, H(3) = 54.25, p < .001 (see Figure 3).  

To assess the locus of condition differences, post-hoc Mann-Whitney U tests with 

Bonferroni adjustment were run. Misinformation-promotion was significantly greater for 

participants in the misinformation condition, Mdn = 1, compared to control, Mdn = 0.5, 

Ws = 12434, p = .017, r = -.09, the tentative-refutation condition, Mdn = 0, Ws = 17712, 

p < .001, r = -.15, and the enhanced-refutation condition, Mdn = -1, Ws = 20566, p < .001, 

r = -.27. Participants in the enhanced-refutation condition showed significantly lower 

misinformation-promotion than those in the tentative-refutation condition, Ws = 17386, 

p < .001, r = -.15. See Table S2 in Supplementary Material A for further details. 

Figure 3. Bee-swarm plots showing engagement with the misinformation-endorsing social-

media post across conditions. Higher scores indicate greater propensity to promote the 

misinformation (flag = -1; pass = 0; like = 1; share = 2; see text for details). Red markers and 

whiskers indicate medians and quartiles; individual data points are jittered along both axes. 
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Discussion  

The present study is one of the first to incorporate behavioral measures into the 

continued-influence paradigm. Specifically, we tested whether exposure to misinformation 

that presented vitamin E as an effective COVID-19 treatment affected both product demand 

and misinformation-promotion behavior. To test the efficacy of interventions counteracting 

the misinformation, we contrasted a tentative refutation based on real-world sources and an 

enhanced refutation based on best-practice recommendations. 

We found that exposure to misinformation significantly increased participants’ 

subsequent propensity to promote a social-media post endorsing the misinformation. While 

willingness to pay for a vitamin E supplement was not reliably affected by the 

misinformation relative to control, this is best explained by the control article’s allusion that 

vitamins provide some protection from viral infection, meaning that the control condition 

may have not provided a fully neutral comparison baseline. Compared to the misinformation 

condition, both refutation types substantially reduced both willingness-to-pay and 

misinformation-promotion, which underscores the general utility of refutations beyond the 

realm of inferential-reasoning measures typically used in continued-influence research. The 

enhanced refutation was more effective than the tentative refutation, reinforcing the best-

practice recommendations used.  

Our results demonstrate the persuasive appeal of plausible (COVID-19-related) 

misinformation and its potential to influence important behaviors (Zarocostas, 2020; see also 

Pennycook, McPhetres, Zhang, Lu, & Rand, 2020). They also demonstrate the value of an 

evidence-based approach to debunking. This is in line with previous research (Paynter et al., 

2019; Swire et al., 2017) but one of the first demonstration of this kind with behavioral 

measures (also see Hamby et al., 2020). This is of particular relevance given (1) the well-

established attitude-behavior gap (McEachan et al., 2011), and (2) previous work questioning 
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the utility of refutations when it comes to behaviors (e.g., Swire-Thompson, Ecker, 

Lewandowsky, & Berinsky, 2020; also see Swire-Thompson, DeGutis, & Lazer, 2020). 

 The results have clear practical implications. Specifically, individuals exposed to 

refutations are less likely to waste money on spurious products. Also, individuals exposed to 

misinformation may be more likely to spread it to those around them, but this harmful 

sharing behavior can be dramatically curbed through refutations. While recent research has 

shown that sharing decisions may also be affected by factors other than veracity (e.g., 

inattention, worldview; e.g., Mercier; 2020; Pennycook et al., 2020), the present study 

suggests that well-designed refutations are an indispensable tool. The fact that our enhanced 

refutation was more effective across both behavioral measures illustrates the pressing need 

for real-world debunking practices to be based on insights from psychology (MacFarlane et 

al., 2020b). This will be especially critical during crises such as the current infodemic. 

Nonetheless, several limitations must be acknowledged. First, our enhanced refutation 

included multiple best-practice recommendations and thus it is unclear which elements, or 

combination of elements, contributed to the refutation’s success. Further research should thus 

include a component analysis to aid the construction of more specific best-practice 

guidelines, such as a flexible template that could be adopted by journalists and official bodies 

(see also Lewandowsky et al., 2020; Paynter et al., 2019). Second, we relied only on a 

hypothetical auction and a mock social-media scenario to assess behaviors. Although an 

important first step, it is critical that future studies use measures that correspond with 

behaviors of interests even more closely (e.g., incentivized auctions, social-media 

simulations) and validate results using real-world data (e.g., Mosleh, Pennycook, & Rand, 

2020). Third, as mentioned before, we did not find a reliable difference in willingness-to-pay 

between the misinformation and control conditions. Consistent with research showing effects 

of implied and subtly deceptive misinformation (e.g., Ecker, Lewandowsky, Chang, & Pillai, 
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2014; Powell, Keil, Brenner, Lim, & Markman, 2018; Rich & Zaragoza, 2016), this was 

arguably driven by the insinuation in the control article that vitamins can provide some 

infection protection. This suggests that the general framing of “neutral” educational 

communications by impartial media sources needs to be carefully considered. The fact that 

the control condition was non-neutral means there was no neutral no-misinformation baseline 

against which to compare the refutation conditions in this study; this makes it impossible to 

conclude with any certainty whether there was continued influence (i.e., above-baseline 

reliance on refuted misinformation) in either of the refutation conditions. While that was not 

the focus of the present study, follow-up research could consider inclusion of a neutral no-

misinformation condition. We also note that there was no time lag between our interventions 

and behavioral tasks in the present study, so future research should explore the impact of 

longer time delays (see Paynter et al., 2019). 

Moreover, it is recommended that communicators dealing with misinformation 

consider additional strategies beyond refutations. The speed with which misinformation is 

generated and spread presents a challenge to fact-checkers and their capacity to refute each 

piece of misleading content (Lazer et al., 2018). Future work should thus examine the 

effectiveness of inoculation strategies, which serve to pre-emptively explain misleading 

techniques common to misinformation campaigns and thus increase resilience to 

misinformation. Such an approach has shown some promise in shielding individuals from the 

influence of climate-change misinformation (e.g., Cook, Lewandowsky, & Ecker, 2017; van 

der Linden, Leiserowitz, Rosenthal, & Maibach, 2017; also see Compton, 2013, for a review 

of inoculation theory and its applications), but more research is needed to assess the extent to 

which inoculation effects extend to different domains, and critically, to behaviors rather than 

beliefs. 
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Foreword for Chapters 6-7 

Chapters 6 and 7 outline two different instances of how psychology and conservation 

are intricately linked, both as causes and as solutions. Importantly, they provide a key bridge 

for the present thesis between the applied psychology and the underlying conservation issues 

that inspired this line of research.  

In Chapter 6, I present the results of a meta-review that was inspired by an earlier 

systematic review of demand-reduction campaigns targeting wildlife products (Veríssimo & 

Wan, 2019). The earlier review found that a lack of robust evaluations in the conservation 

literature made it impossible to draw insights to inform future efforts to reduce demand. To 

fill this knowledge gap, my meta-review aimed to synthesize the evidence for what works 

from outside of conservation (e.g., in public health, social marketing, etc.) to reduce 

consumer demand. This review aimed to provide a platform to discuss how this body of 

evidence could be applied to address the demand for wildlife products. The results challenge 

persistent myths in the wildlife demand-reduction space, such as the assumption that 

awareness-raising campaigns are effective or that negative messaging is ineffective. To 

ensure the findings were of practical benefit to conservation, I developed a series of 

infographics to help communicate the key findings. The review has important implications 

for addressing a host of wildlife-related problems (e.g., biodiversity loss and food-chain 

collapse), especially given the renewed attention to the connection between the 

overexploitation of wildlife and the potential for the trade to facilitate new zoonotic disease 

outbreaks (Johnson et al., 2020). 

In Chapter 7, I present a published perspective paper  that I co-authored with Dr 

Ricardo Rocha, a pioneering tropical ecologist (MacFarlane & Rocha, 2020). Dr Rocha 

reached out to me in response to various reports of wild bats being persecuted due to 

misguided fears associated with disease risk, likely as a consequence of the heightened media 
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attention surrounding the possible origins of COVID-19 (Buttke, Decker, & Wild, 2015). He 

was concerned that well-intentioned efforts by researchers and conservationists to counteract 

the dangerous negative associations between wild species and disease risk may be further 

reinforcing negative associations (Davis, Goldwater, Ireland, Gaylord, & Van Allen, 2017). 

The perspective piece draws on several key psychological insights from the VANMaN 

taxonomy (Chapter 2) to provide some succinct guidelines to aid conservation scientists and 

practitioners in their mission to articulate wildlife-related science in the context of human 

health, without contributing to reinforcing negative associations.  

The issues and perspectives covered in the perspective piece highlight the 

interconnectedness of conservation, public health, and psychology. Specifically, the trade and 

consumption of wild bats are driven, in part, by several psychological constructs such as 

social norms, misperceptions about health benefits, and misperceptions about lack of risks 

(Liu et al., 2016, 2015; Thomas-Walters et al., 2020). The consequence of this demand is that 

the wildlife trade brings diverse wildlife species into contact with humans and other animals 

and thus presents considerable risks for facilitating the emergence of zoonotic disease 

transmission (Johnson et al., 2020). The solution to reducing demand is to design targeted 

interventions that help consumers overcome the barriers preventing them from ceasing to 

consume wildlife. However, poorly constructed intervention messaging could perpetuate 

myths and misguided beliefs about bats, leading to further entrenched beliefs and the desire 

to consume bats. Equally, poor messaging could contribute to misguided fears about bat 

disease risks, which can encourage retaliation towards bat species (López‐Baucells, Rocha, & 

Fernández‐Llamazares, 2018). Even isolated instances of bat culling can bring people into 

closer contact with bats and thus further increase zoonotic transmission risk (Streicker et al., 

2012). Another major concern is that many bat species are severely threatened with 

extinction, so even small instances of violence could cause irreversible damage and have 
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catastrophic flow-on effects for ecosystems that humans rely on (e.g., bats are important for 

agriculture, as controllers of pests and pollinators of crops; Aziz et al., 2017).  

In Chapter 7, I describe how key psychological barriers can impact on people’s 

perception of intervention messaging. My hope is that this paper will help fuel future research 

on using psychology in conservation, and thus help people make more informed choices that 

protect nature and ultimately reduce zoonotic disease risks.   
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Summary 

Conservationists have long sought to reduce consumer demand for overexploited wildlife 

products. More recently, health practitioners and others have begun calling for reductions in 

the wildlife trade to reduce the risk of pandemics. Despite this broadening interest, most 

wildlife-focused demand reduction campaigns have lacked rigorous evaluations and thus 

their impacts remain unknown. There is thus an urgent need to review the evidence from 

beyond conservation science to inform future demand-reduction efforts. We searched for 

systematic reviews of interventions that aimed to reduce consumer demand for harmful 

products (e.g., cigarettes and illicit drugs). In total, 41 systematic reviews were assessed, and 

their data extracted. Mass-media campaigns and incentive programs were, on average, 

ineffective. While advertising bans, social marketing and location bans were promising, there 

was insufficient robust evidence to draw firm conclusions. In contrast, the evidence for the 

effectiveness of risk warnings and appeals to norms was stronger, with some caveats. 

 

Keywords: illegal wildlife trade; demand reduction; evidence-based interventions; 

overconsumption; biodiversity conservation; mass-media campaigns; social norms; fear 

appeals; behaviour change; zoonoses.  
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Reducing Demand for Overexploited Wildlife Products: Lessons from an Overview of 

Systematic Reviews from Outside Conservation Science  

 

Introduction 

The overexploitation of wild plants and animals is a major driver of biodiversity 

decline.1,2 In addition to directly depleting population numbers, overexploitation can cause 

cascading effects on the balance of predators and prey species within food webs and diminish 

the productivity of important food sources for humans. For example, the globalized shark-fin 

industry, driven primarily by Asian demand for shark-fin soup,3 is an important cause of 

declining shark populations.4 Sharks play a crucial role in maintaining ecosystem health, and 

thus their overexploitation has been linked to a dramatic restructuring of marine-life 

communities, which in turn, has been linked to the collapse of fishing industries.5,6 

One major driver of overexploitation is the wildlife trade, which comprises a diverse 

set of actors ranging from suppliers that hunt and transport products to consumers that buy 

and trade them through, for example, tourist markets and exotic pet forums. Consumer 

demand for wildlife products such as rhino horn, pangolin scales, and bat meat7 fuels the 

wildlife trade, which can threaten biodiversity in complex ways. For example, the 

international trade in wildlife can facilitate the global spread of infectious wildlife diseases 

resulting in catastrophic losses in biodiversity.8 For example, the amphibian chytrid fungus 

(Batrachochytrium dendrobatidis), a deadly pathogen spread through the amphibian-trade, 

has already harmed more than 500 species globally, and caused more disease-driven 

extinctions than any other pathogen in recorded history.9 

Beyond the alarming environmental impacts, elements of the wildlife trade are illegal 

or unethical and can have devastating effects on human communities by for example, 

accelerating government corruption10 and militarising conservation responses.11,12 Moreover, 
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the wildlife trade has likely contributed to the emergence of several major human diseases, 

including at least two novel coronavirus outbreaks in the last two decades.13 Virologists have 

consistently warned that the highest risk of virulent zoonotic spillovers comes from specific 

human activities—namely, the mixing of taxonomically diverse species and increased 

human-animal interaction.14,15 These two activities are ubiquitous in the wildlife trade (e.g., 

hunting, the exotic pet trade, and live wildlife markets). 

The traditional response to the overexploitation of wildlife has mainly focused on the 

supply side: international trade bans and regulations under the Convention on International 

Trade in Endangered Species of Wild Fauna and Flora (CITES). However, whilst there is 

some evidence to show that trade bans can be effective, especially when accompanied by 

other measures (e.g., Vicuna fibre in Peru16), there is also some evidence they can have 

adverse impacts. For example, they can drive high demand from consumers who believe the 

resource may soon be unavailable, which can drive price hikes and thus incentivise illegal 

poaching (e.g., black rhinoceros17 and primate bushmeat18). This can occur under numerous 

of conditions, including when a product is banned but the ban is poorly enforced and demand 

is inelastic—when the quantity of the product being consumed declines relatively little 

despite an increase in price—which then incentivises traders to supply markets illegally and 

creates the potential for suppliers to control the market through the use of force.19,20 

In recognition of such limitations, conservationists are increasingly seeking to 

complement supply-side interventions with actions to reduce consumer demand. 

Considerable effort has been expended on public communications and awareness-raising 

campaigns to counter the illegal wildlife trade (estimated to account for [~6%] of global 

funding).21 However, fundamental questions remain about what campaigns are effective for 

reducing demand for overexploited (also illegal or unethical) wildlife products. Are 

awareness-raising campaigns effective for changing consumer behaviour? Are positively 
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framed messages more effective than negative ones? Can incentive programs provide 

sustainable consumer behaviour change? Is social marketing key to halting 

overconsumption? Does banning location-based consumption, such as China’s ban on shark-

fin soup at government banquets,22 reduce overall consumption, or merely displace it? The 

present overview seeks to provide novel insight into these crucial questions.  

Unfortunately, the evidence regarding the impact of different interventions on altering 

the behaviour of wildlife consumers is largely anecdotal or based on research designs with a 

high risk of bias, such as studies without control comparisons.23 A recent review by 

Veríssimo and Wan23 identified 236 demand-reduction campaigns aimed at wildlife products 

but found that only five reported on direct changes of consumer behaviour. Furthermore, only 

two campaigns reported behavioural outcomes that allowed estimates of variability and effect 

sizes. The authors concluded that the absence of robust evaluations precluded any meaningful 

recommendations to inform future action. To increase the likelihood that future demand-

reduction campaigns will be effective, efficient, and not counterproductive, there is an urgent 

need for empirical evidence.  

To fill this knowledge gap, we must therefore turn to the broader literature, to assess 

the evidence on “what works” in reducing consumer demand. The present overview 

synthesises the evidence on relevant interventions from the broader academic literature on 

reducing harmful consumer demand—consumption of products that are illegal, unethical, or 

otherwise harmful to health, society, or the environment. Since most demand-reduction 

campaigns are motivated to counter behaviours that entail such harms, we confined our 

search criteria to interventions that target products considered harmful (e.g., alcohol, 

cigarettes, and unhealthy foods). This multidisciplinary approach is important for two 

primary reasons. First, compared to conservation, greater resources have been devoted to 

testing behaviour change interventions to reduce harmful consumer demand in other 
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disciplines (mostly health, and to a lesser extent in criminology and education).24–26 

Consequently, there exists more robust evidence on the effectiveness of interventions 

targeting harmful consumer demand in disciplines other than conservation. Second, there is 

little reason to suggest this situation is likely to change. Until conservation organisations 

devote adequate resources towards adopting experimental (or robust quasi-experimental) 

designs to test behaviour-change interventions,27,28 it will be difficult to determine which 

strategies are effective, ineffective, or counterproductive.  

[Insert Table 1 near here] 

Our specific goal was to synthesise the evidence on demand-reduction interventions targeting 

products that may have parallels with the wildlife trade (i.e., sharing similar consumer 

motivations, such as the desire for recreation or social recognition; see Table 1). Importantly, 

we acknowledge that the consumer dynamics of non-wildlife products will inevitably differ 

in ways that may limit the generalisability of the results to conservation  (e.g., alcohol is 

cheap, accessible, and mostly legal, whereas rhino horn is expensive, harder to source, and 

often illegal). However, we contend that certain conceptual similarities, such as comparable 

underlying consumer motivations (see Table 1) and analogous approaches to demand-

reduction campaigns, provide a sufficient basis to estimate the potential effectiveness of 

several commonly used behavioural interventions, such as mass-media campaigns. Further, 

we argue it would be careless to ignore lessons from the wider research literature, given the 

potential to inform similar demand-reduction efforts to counter the illegal wildlife trade.   

To inform our search strategy, we formed an advisory board from experts in health, 

psychology, social marketing, economics, and conservation. To provide a manageable 

overview of the vast body of evidence, we limited our analysis to systematic reviews. 
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Results 

Forty-one systematic reviews were included, of which sixteen contained meta-analyses. The 

reviews were categorised according to seven broadly defined intervention types: mass-media 

campaigns, incentives, advertising bans and regulations, social-marketing campaigns, 

location-based bans, norm appeals, and risks warnings. Reviews were assessed according to 

quality (see Supplementary Quality assessment) with twelve rated as Quality A (no 

limitations identified); thirteen as Quality B (one limitation identified); and sixteen as Quality 

C (two or more limitations identified). We assessed reviewer agreement across each review-

quality criterion individually with a reliability analysis using Cohen’s κ (see Supplementary 

Kappa analysis). The mean percentage agreement was 88% and average κ = 0.63 (κ > 0.6 

indicates substantial agreement29). Individual criteria with κ < 0.6 were revisited for 

discussion and reconciliation. Only one criterion failed to meet this benchmark, κ = 0.22. 

Subsequently, four instances of disagreement were revisited, and some additional limitations 

were noted (see Supplementary Table S3). However, the reconciliation process did not 

change the overall review-quality ratings as most disagreements related to low-quality 

reviews with several other limitations (see Supplementary Kappa analysis).   

Narrative summaries of each systematic review are provided in the following section 

(for more detailed summaries and identified limitations, see Table S3 of supplementary 

materials). The reviews under each intervention category are ordered by review quality, date, 

and by the name of first author. The number of studies included in each systematic review is 

denoted via k. When reviews provided information on experimental design of included 

studies, we provide this information using the following abbreviations: RCT = Randomised 

control trial; ITS = Interrupted time series; NRSI = Non-randomised studies of interventions; 

BA = Before/after; L = Longitudinal; Obs = Observational.  
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Narrative Summaries 

Mass-media campaigns.  This category included initiatives that used mass-

communication media to persuade people to change their behaviour. A typical example was a 

campaign that ran advertisements at cinemas to challenge perceptions about smoking, using 

messages developed with focus groups of smokers. 

Nine systematic reviews focused on the impact of mass-media campaigns, mostly on 

drug consumption (illicit drugs, alcohol, and tobacco). Review Quality A: Carson-Chahoud 

et al.30 (2017, k = 8 [7 RCT, 1 ITS]) noted that most (five out of eight) studies found no effect 

of mass-media campaigns on preventing youth smoking. However, the authors concluded it 

would be unwise to draw firm conclusions due to inconsistent results and the risk of bias in 

methods and study designs. Mosdol et al.31 (2017, k = 6 [5 RCT, 1 ITS]) concluded that their 

confidence in the impact of mass-media campaigns on multiple behaviours (including 

tobacco and alcohol consumption) in ethnic minorities was very low because most studies 

were of low quality. Allara et al.32 (2015, k = 19 [8 RCT]) found no effect of mass-media 

campaigns on illicit drug use, based on a pooled analysis of 8 eligible studies. However, the 

authors advised caution about using mass-media campaigns to reduce illicit drug use because 

of evidence paucity and inconsistency. Review Quality B: Bala et al.33 (2017, k = 11 NRSI) 

concluded that comprehensive tobacco control programs may change smoking behaviours in 

adults but note that evidence came from a small number of very low study quality studies. 

Trieu et al.34 (2017, k = 22 [4 RCT]) found that population-level media campaigns can reduce 

salt consumption, but higher-quality studies showed smaller effect sizes and inconsistent 

results. Thus, they concluded that media campaigns are likely inadequate. Werb et al.35 

(2011, k = 11 [7 RCT, 4 Obs]) found no effect of public-service announcements on illicit 

drug use, based on a meta-analysis of four studies. They note that four studies showed public-

service announcements actually increased intention to use illicit drugs. Review Quality C: 
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Allen et al.36 (2015, k = 34 NRSI) concluded that there was strong evidence supporting the 

use of mass-media campaigns to reduce youth smoking. Durkin et al.37 (2012, k = 26 NRSI) 

concluded the effectiveness of mass-media campaigns on reducing youth smoking depended 

on campaign reach, intensity, duration, and messaging used. Specifically, they found that 

communicating negative health effects were most effective at encouraging quitting. Snyder et 

al.38 (2004, k = 21 [mostly NRSI]) concluded that mass-media health campaigns have small 

measurable effects on tobacco and alcohol consumption in the short term.  

Incentives. These interventions informed participants that future benefits, or the 

removal of future benefits, will depend on adopting a desired health behaviour (e.g., smoking 

cessation). Incentive interventions included contests, competitions, incentive schemes, 

lotteries, raffles, and contingent payments. A common example is the smoke-free class 

competition, which typically involves asking students to enter into a contract not to smoke for 

a set period and promises of prizes for classes that stay mostly (> 90%) smoke-free. 

 Three systematic reviews focused on the impact of incentive campaigns (e.g., 

contests and lotteries) on smoking behaviours. Review Quality A: Corepal et al.39 (2018, k = 

8 RCT) concluded that incentives have a small impact on reducing smoking in children and 

adolescents (5-18 years), based on a meta-analysis of 8 studies. Mantzari et al.40 (2015, 

k = 34 RCT) concluded that financial incentives can be effective for smoking cessation for up 

to 18-months, but did not persist beyond 3-months after the incentives end. Review Quality 

B: Hefler et al.41 (2017, k = 8 [3 RCT]) concluded that the small number of studies suggested 

that incentive programs did not prevent smoking initiation. 

Advertising bans. This category includes bans or restrictions on advertising to 

promote the consumption of harmful products, such as cigarettes or alcohol. Bans could 

cover, for example, advertising on television, internet, or billboards. Another common 
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example is legislation requiring cigarettes to be plain-packaged to remove the colourful and 

attractive branding used for product promotion. 

 Six systematic reviews focused on the impact of advertising bans on cigarette and 

alcohol consumption. Review Quality B: McNeill et al.42 (2017, k = 51 [1 RCT]) concluded 

that plain cigarette packaging may reduce consumption, noting that evidence was mostly 

based on one large observational study in Australia (N = 700,000). Siegfried et al.43 (2014, 

k = 4 [1 RCT, 3 ITS]) concluded the quality of evidence was too low to support a ban on 

alcohol advertising. Review Quality C: Hughes et al.44 (2016, k = 4) concluded that there is 

insufficient evidence from low-income countries to draw firm conclusions on impact of plain 

packaging on cigarette consumption. Moodie et al.45 (2012, k = 37 [2 RCT]) concluded the 

evidence for impact of plain packaging on cigarette consumption was mixed but suggested 

that it had a deterrent effect. Capella et al.46 (2008, k = 50) concluded cigarette advertising 

bans (both full or partial, e.g., only in broadcast media) did not have a significant impact on 

cigarette consumption. Quentin et al.47 (2007, k = 24 NRSI) found in 10 out of the 24 studies 

that full-advertising bans had a significant effect on cigarette consumption but acknowledged 

significant limitations in drawing conclusions from time-series data.  

Social marketing.  Social marketing is broadly defined as the use of marketing 

techniques to achieve positive social ends.48 Although social marketing campaigns can utilise 

mass-media, the approach differs from mass-media campaigns (as broadly defined in the 

present paper) by encouraging adoption of other intervention approaches such as education, 

social initiatives (e.g., designated driver campaigns), and counseling (e.g., quit lines and 

cessation groups etc.). Social marketing is commonly conceived as a process whereby 

intervention design is guided by key marketing principles such as customer orientation, 

market segmentation, and motivational exchange (increasing incentives and decreasing 

barriers to change).49,50  
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Five systematic reviews focused on the impact of social-marketing campaigns on drug 

consumption (cigarette, alcohol, and illicit drugs). Review Quality B: Janssen et al.50 (2013, 

k = 6) concluded the impact of social-marketing campaigns could not be assessed due to lack 

of quality studies. Stead et al.51 (2007, k = 35) used a problematic vote-counting approach 

(comparing the number of studies with significant vs. non-significant results) to conclude that 

social-marketing principles could be effective in reducing use of tobacco, alcohol, and illicit 

drugs. Review Quality C: Hung et al.52 (2017, k = 48) concluded interventions based on 

social-marketing principles had small significant effects on smoking, but no effect on alcohol 

consumption. Almestrahiri et al.53 (2017, k = 8) concluded that social marketing interventions 

can positively influence smoking behaviours (e.g, quit attempts and smoking prevalence), 

although effectiveness was not the focus of their review. Kubacki et al.54 (2015, k = 10) found 

mostly positive results (6/10) and thus concluded that social marketing was largely effective 

for reducing alcohol consumption. 

Location bans. This category included bans on cigarette smoking in public places. 

Typically, legislative bans and policies prohibit smoking in public spaces (e.g., restaurants 

and trains) and workplaces (e.g., offices, hospitals, schools, and universities).   

Seven systematic reviews focused on the impact of location bans on cigarette 

consumption. Review Quality A: Frazer et al.55 (2016, k = 17 NSRI) concluded location-

based smoking policies in hospitals, prisons, and universities can reduce smoking rates, 

although they noted evidence quality was low. Review Quality B: Monson and Arsenault56 

(2017, k = 16 BA & L) concluded legislated bans on smoking in public areas had an overall 

positive effect on reducing smoking rates at home. Frazer et al.57 (2016, k = 77 NSRIs) 

concluded the impact of smoking bans on smoker numbers and cigarette consumption was 

inconsistent, but that bans were effective at the national level in reducing second-hand smoke 

exposure. Review Quality C: Bennet and Pokhrel58 (2017, k = 11 NRSI [mostly cross-
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sectional]) concluded more longitudinal studies were needed, while noting two promising 

studies showing smoke-free policies significantly reduced smoking at universities. Hopkins et 

al.59 (2010, k = 57 BA) concluded smoke-free policies reduce tobacco consumption, but their 

results were less compelling when only the strongest study designs were assessed. Bell et 

al.60 (2009, k = 16 NRSI [1 quasi experimental, 3 cohort, 12 cross-sectional]) concluded 

smoking bans at worksites can reduce overall cigarette consumption but results varied across 

sub-groups (e.g., less impact on low income groups) and bans may have unintended 

consequences (e.g., displacement of smoking). Chapman et al.61 (1999, k = 19) found 18 of 

19 studies found smoke-free policies reduced daily smoking during work hours.  

Norm appeals. Social norms are rules or standards about how members of a com- 

munity should behave. Examples of social norms range from the explicit (e.g., laws and 

regulations) to the implicit and unspoken (e.g., norms about where to sit on a train). A norm 

appeal communicates a desirable social norm with the aim of altering people’s behaviour 

towards that norm. A common example involves providing personalised normative feedback 

about actual consumption (e.g., average student drinking norms) so that outliers (e.g., 

students who drink more than average) adjust their behaviour towards the norm (Wood, 

Brown, & Maltby, 2012).62 

Three systematic reviews focused on the impact of social-norm appeals on alcohol 

consumption. Review Quality A: Prestwich et al.63 (2016, k = 41 RCT) concluded even large 

changes in beliefs about social norms produce only small changes in alcohol intake, and thus 

norm appeals should be combined with other interventions. Foxcroft et al.64 (2015, k = 66 

RCT) found social-norm appeals had small but significant effects on drinking frequency and 

quantity (namely, 0.9 alcoholic drinks less per week compared to a baseline of 13.7 drinks); 

however, they suggested that the effect sizes may be too small to be practically relevant. 

Dotson el al.65 (2015, k = 8 [13 RCT]) concluded personalised normative feedback had small 
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but clinically relevant impact on college student drinking (a reduction by ~3 drinks per 

week).   

Risk warnings. These interventions draw consumer attention towards the potential 

risks of consuming a harmful product. Most of the evidence on reducing harmful consumer 

demand that has been assessed through systematic reviews has focused on the impacts of 

highlighting risks to personal health (e.g., the requirement for cigarette packages to display 

large graphic images of smoking-related diseases). The results therefore may not generalise 

to risk warnings outside of this specific context (e.g., risks to reputation, conservation 

outcomes, or cruelty to animals etc).  

Eight systematic reviews focused on the impact of risk-warning messaging on mostly 

tobacco, and to a lesser extent, alcohol consumption. Review Quality A: Clarke et al.66 

(2020, k = 12 RCT) concluded health warning labels have significant potential for decreasing 

the selection of unhealthy food and drink products. However, they noted all experimental 

studies to date had been conducted in the laboratory or online. Sheeran et al.67 (2014, k = 209 

RCT) concluded heightening risk appraisals (namely, risk perceptions, anticipatory emotions, 

anticipated emotions, and perceived severity) had a small but significant impact on smoking, 

but not alcohol consumption. Risk warnings were most effective when accompanied by 

appeals to self-efficacy (confidence in one’s ability to change towards a recommended 

behaviour) and response efficacy (perceptions about how much the recommended behaviour 

will alleviate the hazard). Review Quality B: Noar et al.68 (2016, k = 37 RCT) concluded that 

pictorial warnings were more effective than text warnings for most non-behavioural 

outcomes (e.g., elicited negative attitudes towards smoking). However, they identified only a 

single experimental study that assessed impact on behaviour. Tannenbaum et al.69 (2015, 

k = 127 RCT) concluded fear appeals positively influenced behaviours in all but a few 

circumstances (NB: authors combined demand for harmful substances with other behaviours 
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not relevant to this review). Monarrez-Espino et al.70 (2014, k = 12 [5 RCT]) concluded the 

evidence for, or against, the sustained impact of pictorial health warnings on smoking 

behaviours was poor. The authors noted risk warnings likely have a modest impact on 

behaviour. Peters et al.71 (2013, k = 13 RCT) concluded threatening communications were 

only effective when the target population had high self-efficacy. Review Quality C: Noar et 

al.72 (2016, k = 22 NRSI) concluded strengthened (e.g., increased size of text warning, 

change from text to pictorial) cigarette-pack warnings were associated with less smoking and 

increased cessation rates. Scholes-Balog et al.73 (2012, k = 10 NRSI) concluded alcohol 

warning labels were not associated with changes in self-reported risky alcohol use amongst 

adolescents.  

Quantitative Summary 

For each systematic review that contained a meta-analysis, Figure 1 provides a visual 

summary of the primary effect size reported (see Supplementary Table S4). Effect sizes in 

Figure 1 are displayed to demonstrate the impact of each intervention on reducing a harmful 

consumer behaviour; thus effect sizes with 95% confidence intervals wholly below zero were 

deemed to be effective, whereas effect sizes with 95% confidence intervals including zero 

were deemed not to provide clear evidence of effectiveness (i.e., they were not statistically 

significant). 
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Figure 1. Comparison of effect sizes between intervention types  

 

Figure 1. Forest plot of effect sizes (Cohen’s d) for each systematic review containing meta-analysis–
–error bars represent 95% confidence intervals. Effect sizes indicate whether an intervention was 
effective (cases where the upper confidence interval sits below zero), ineffective (cases where the 
confidence interval encompasses zero), or counterproductive (cases where the lower confidence 
interval exceeds zero) in reducing harmful consumer behaviour. For transparency, we also include an 
assessment of each source’s review quality (i.e., A, B, or C). ✣ Snyder et al. 2008 did not provide 
confidence intervals. Thus, these were conservatively estimated based on the reported lack of 
significance. Symbol key: squares = illicit drugs, circles = tobacco, triangles = alcohol, and diamond 
= tobacco, alcohol, and other behaviours combined. 
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Discussion 

Our analysis sought to provide a broad overview of the evidence, from outside the 

conservation literature, pertaining to seven types of interventions that have been applied to 

reducing harmful consumption. To inform our assessments, we narratively summarised key 

conclusions from each systematic review and extracted quantitative results on mean effect 

sizes, whenever meta-analyses were conducted (Figure 1). Some of our results will come as a 

surprise to many engaged in delivering demand-reduction campaigns for overexploited 

wildlife products. Most notably, two of the most familiar approaches to effecting behaviour 

change for conservation, namely mass-media campaigns and incentive programs, were found 

to be ineffective, on average. Moreover, any effects of incentive programs disappeared 

shortly after program conclusion (>3months). In contrast, the two strategies that emerged as 

most supported, with some caveats, have been under-utilised (norm appeals)74 or face active 

resistance from some in conservation (risk warnings).26 We found some evidence that the 

remaining three intervention types can be effective, namely advertising bans, social 

marketing, and location bans, however, a lack of robust evidence precluded drawing firm 

conclusions about their overall impact.  

We also found that none of the intervention types appear, on average, to be 

counterproductive (e.g., increase consumer demand, see Figure 1). There thus seems to be 

little harm in investigating whether combinations of multiple approaches prove more 

powerful than individual approaches. Indeed, there is already considerable overlap between 

our broadly defined intervention types, such as location bans that signal social norms or 

social marketing campaigns that utilise mass-media. The inability to completely distinguish 

between intervention types suggests that future research might also benefit from exploring 

alternative frameworks for assessing campaign efficacy, such as cost benefit analysis or 
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compatibility with theoretical behaviour-change frameworks (e.g., the behaviour change 

wheel75). 

Interestingly, despite the considerable investment in evaluating behaviour change 

campaigns, especially within the public health domain, we note that many systematic reviews 

were unable to draw firm conclusions about the impact of several commonly used 

approaches, often owing to lack of robust study designs. Specifically for mass-media 

campaigns and social marketing, we also observed a general tendency in systematic reviews 

that we classed as having multiple methodological limitations (e.g., did not assess study bias) 

to draw positive conclusions, whereas the higher quality reviews tended to conclude that 

insufficient high-quality studies precluded drawing firm conclusions. Such differences 

highlight the importance of considering evidence quality when drawing conclusions about the 

impact of a particular intervention.  

We now discuss the results of each specific intervention type with reference to 

insights from psychology and consider to what extent, and under what contexts, each 

intervention might generalise towards reducing demand for wildlife products. We then 

discuss the overall implications of this overview for informing future behaviour-change 

campaigns and addressing other global environmental problems related to overconsumption.  

Interventions Found to be Generally Ineffective 

Mass-media campaigns. Mass-media campaigns are often perceived as synonymous 

with awareness raising, which is arguably the most common behaviour-change approach in 

conservation.74 Despite their popularity, mass-media campaigns were found to be, on 

average, ineffective, with all four meta-analyses finding non-significant impacts. Only one of 

nine systematic reviews, with multiple methodological limitations, suggested there was 

strong evidence supporting the use of mass-media campaigns. However, that review noted 

that effectiveness varied depending on message content, with strongest evidence for 
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messages highlighting health risks. The remaining eight reviews highlighted that the low 

quality of primary evidence precluded firm conclusions about effectiveness, while one argued 

they were likely inadequate, and another suggested they occasionally backfire. 

These results do not mean all reviewed media campaigns were ineffective. 

Importantly, we found that systematic reviews of mass-media campaigns tended to 

encompass other related interventions, which are more targeted and supported by insights 

from psychology, and were found to be effective when considered separately, such as norm 

appeals and risk warnings. We thus restrict our critique of mass-media campaigns to those 

that fail to target specific psychological drivers of harmful consumption other than a lack of 

awareness.  

A major problem with awareness-raising campaigns is they rely on an intuitive, but 

incomplete, mental model of human behaviour—specifically, that “if people only knew what 

I know about this problem, then they would change their behaviour.” This is the information-

deficit model—the assumption that people’s behaviour will change once they have the right 

information.76 Much research shows to the contrary that access to information is only one of 

many competing influences on human behaviour.77–79 For example, the success of a 

campaign to increase household recycling will be limited by structural barriers such as access 

to recycling facilities, cost of services, and convenience to householders. Moreover, even 

when such barriers are low, the success of an intervention may be limited by internal 

psychological barriers such as lack of motivation to participate in recycling programs or a 

widespread perception that it is socially acceptable not to recycle.80  

We thus advise conservation practitioners against intuitively using mass-media 

campaigns that ignore the structural or psychological barriers to behaviour change. This 

conclusion is shared by others who have argued that organisations seeking social change 

should not solely rely on awareness-raising.81,82  
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Incentives. All three systematic reviews of incentives schemes noted that their 

analyses were based on a small number of studies so results should be interpreted with 

caution. Nevertheless, two concluded incentives schemes were probably ineffective and the 

third found they can be effective, but only in the short-term as impacts disappeared after three 

months.  

Incentive schemes for reducing environmental harms are likely familiar to many 

conservationists,83 including those working on combating the supply side of the illegal 

wildlife trade.84 However, to the best of our knowledge, such schemes have not yet been 

applied to the demand side (i.e., to discourage consumption). Nevertheless, a recent report 

outlining behavioural insights for conservation suggested incentive schemes presented a 

promising strategy.85  

Based on the available evidence, however, we would caution against using incentive 

programs to target wildlife consumers, especially for long-term behaviour change. Although 

given the limited evidence base, we suggest incentive programs might still warrant 

consideration but only if practitioners are prepared to robustly test intervention effectiveness 

and duly examine their suitability to a given context. The reasons why incentive schemes can 

fail to bring about behaviour change are manifold: (i) introducing extrinsic incentives 

(especially financial) can undermine people’s intrinsic, or altruistic, motives and thereby 

reduce overall motivation to conserve wildlife;86 (ii) incentives can lead to “moral licencing”, 

whereby enabling people to “pay” for the moral cost of a behaviour (e.g., by choosing some 

financial cost) can offset their feelings of guilt and thus empower them to engage in even 

more problematic behaviours (e.g., to buy more wildlife products); 87 and (iii) incentives tend 

to have only short-term effects, so that once the incentive scheme ends, people tend to revert 

to their previous behaviours.88 An alternative approach to incentive schemes, may instead be 
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to invigorate and amplify consumer existing intrinsic motivations towards conserving 

wildlife, such as by making flagship species a symbol of national pride.89  

 

Figure 2. Summary of interventions found to be, on average, ineffective. 

 
Figure 2.  This figure summarises some key problems when implementing mass-media 
campaigns and incentives programs. The right column highlights one promising solution to 
address each respective problem.   
 
 

Promising Interventions that Require more Robust Evidence 

Advertising bans. There is limited evidence that advertising bans can be effective in 

reducing harmful consumer demand. Five of the six reviews noted there was insufficient 
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evidence to draw strong conclusions, but half still concluded they can be effective. In 

support, McNeil et al.42 noted that studies have consistently shown consumers prefer branded 

than plain-packaged cigarettes. In the reviews classed as having two or more limitations, two 

concluded the evidence generally supported the use of advertising bans, whereas one 

concluded advertising bans did not reduce cigarette consumption.  

Given the limited evidence available, we strongly recommend researchers first 

evaluate whether, and to what extent, advertising actually drives wildlife consumer demand. 

For example, practitioners could conduct a randomised controlled experiment assessing 

consumers’ hypothetical willingness-to-pay90 for plain-packaged vs. branded wildlife 

products (see Figure 3 for examples). If branding is shown to significantly increase wildlife 

consumer demand, then practitioners should consider how to limit advertising/branding of 

wildlife products (e.g.  by lobbying governments to penalize companies that produce product 

packaging). 

If advertising does motivate demand, then the effectiveness of bans will be limited by 

two factors. First, the illegal nature of much wildlife trade would make it difficult to enforce 

regulations. Second, effectiveness would be limited by the magnitude of influence that 

advertising has on consumer demand compared to other factors related to health, hedonism, 

and culture91, and price, portability, and availability.92   
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 Figure 3. Example advertising used to market products made from wildlife.  

 

 
 

     

Figure 3. Example branding for wildlife products. (a) Shark liver oil capsules, photo by 
Diogo Veríssimo; (b) and (c) Bear bile extract, photos by Amy Hinsley; and (d) Herbal 
“turtle jelly” (Gui-Ling-Gao, contains turtle plastron), photo by Diogo Veríssimo. 
 
 
 

Social marketing.  Despite conservationists’ growing enthusiasm for social 

marketing,93–95 only a handful of campaigns have been applied to reducing demand for 
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wildlife products.23 Outside conservation, we found there was poor-quality evidence to 

support the approach. Of two reviews, each classed as having a single methodological 

limitation, one found insufficient evidence to draw conclusions while the other suggested the 

approach could be effective but acknowledged that many studies found no benefit. Of three 

remaining reviews, each with multiple methodological limitations, conclusions were mixed, 

noting the approach is largely effective, can be effective, or is not effective for alcohol and 

has small impacts on smoking.   

Whilst these results may be surprising, it is worth noting two limitations of this 

assessment. First, social marketing has often been used inconsistently, and 

opportunistically,50 with many studies misconstruing social marketing as simply advertising 

or communication for social goals.51 Thus, systematic reviews cannot simply rely on 

assessing interventions labelled as “social marketing” because not all incorporate key social-

marketing principles. This problem is exacerbated because there exist several social-

marketing frameworks, which suggest the approach comprises between six and eight key 

principles.49,96,97 Further, many primary studies do not report important components of the 

social-marketing interventions, such as the underlying behaviour-change theory.52  

Second, one core principle of social marketing is the use of multiple interventions, 

which can range from TV commercials to education campaigns. In practice, this makes it 

often impossible to determine which particular strategies have been effective. Hung52 also 

noted that most studies of social-marketing campaigns did not provide adequate information 

about study designs or methods.  

Despite these limitations, several principles associated with social marketing50 are 

valuable in guiding the design of effective behavioural interventions. For example, one useful 

principle is exchange, whereby in order to increase the uptake of a desired behaviour (e.g., 

drinking non-alcoholic beverages), interventions should increase consumer motivations 
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towards adopting the behaviour (e.g., save money, improve health), and remove the barriers 

from doing so (e.g., social pressures, alcohol addiction). Another useful principle is 

segmentation, namely dividing larger heterogeneous groups of people into smaller more 

homogenous groups who may share important values, motives, behaviours, attitudes, and 

societal pressures. For example, there may be different gender-specific barriers to seeking 

help with problematic drinking, such as differences in social expectations or support 

networks. Interventions may thus need to be tailored to be effective.69  

In conclusion, whilst the evidence base for social marketing in the context of harmful 

products is currently weak, we accept its principles have merit. Furthermore, there is some 

evidence social marketing can be effective for addressing problems outside of the remit of the 

present paper.98,99 We therefore advise practitioners considering social marketing to influence 

wildlife consumers to ensure that they employ robust experimental designs to evaluate the 

impact of their interventions as well as comply with core social marketing benchmarks.49 

Indeed, one recent robust evaluation of a social-marketing campaign found it successfully 

reduced unsustainable wild-meat consumption by ~62%.100 

Location bans. There was some evidence that banning harmful consumption in 

specific locations has an overall positive effect on reducing cigarette consumption, including 

outside banned locations. However, the latest and most comprehensive review55 noted that 

overall evidence quality was low. 

In addition to directly reducing consumption, location bans may operate through 

indirect mechanisms such as descriptive-norm appeals (i.e., making smoking less visible and 

hence signalling that it is uncommon) and injunctive-norm appeals (i.e., signalling the social 

disapproval of smoking). Although one review noted location bans could displace 

consumption to private areas,60 more recent and comprehensive reviews concluded 
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displacement was not supported,56 especially by studies that assessed impact on national 

consumption.55 

Unfortunately, the evidence in favour of location bans is limited to smoking. This 

provides limited evidence that similar impacts might be expected for consuming (i.e., eating 

or purchasing) wildlife products in public places (e.g., marketplaces, restaurants, or 

governmental banquets). Nevertheless, the results support the notion that bans on 

conspicuous wildlife consumption may be a potent intervention to reduce overall demand for 

wildlife products.101,103 Indeed, the apparent reduction in demand for shark-fin soup in 

mainland China104 might be linked to bans on consumption in prominent locations (e.g., 

hotels, restaurants, and airline menus).106 Arguably the most significant location ban was 

when Chinese authorities banned the consumption of shark-fin soup, bird nests, and other 

wild animal products at official banquets in 2013.22   
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Figure 4. Summary of interventions that are promising but more robust evidence is needed. 

 

Figure 4.  This figure summarises key problems with the evidence for advertising bans, 
social marketing campaigns, and location bans. The right column highlights one promising 
solution to address each respective problem.   
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Interventions Found to be Generally Effective 

Norm appeals. There was consistent evidence from all three reviews (none of which 

had any identified methodological limitations) that norm appeals can have a small impact on 

consumer demand for alcohol. Two reviews noted these effects were clinically relevant but 

the third suggested they were too small to have policy relevance. Importantly, one review, 

Dotson et al.65, focused only on personalised normative feedback—individualized feedback 

on a person’s drinking behaviour—whereas the other two reviews also assessed generalised 

social norms. The focus on individualised norms may have explained Dotson et al.’s 

relatively stronger conclusions in support of the impact of social norms. 

Three key findings from our analysis may help ensure that conservationists have 

realistic expectations about the potentially limited impact of norm appeals.  First, while social 

influences and normative beliefs can be changed by, for example, communicating how much 

others drink, such belief changes produce only small changes in consumption. Consequently, 

norm appeals are likely more effective when accompanied by other interventions. Second, 

impersonal social norms may be less effective than personalised normative feedback, 

however, such highly targeted approaches will not be feasible for many, often opaque, 

wildlife consumer behaviours. Third, poorly designed norm appeals can back-fire (i.e., 

increase harmful consumption), particularly when descriptions of the extent of undesirable 

behaviours inadvertently encourages conformity in the wrong direction.108  

In designing norm appeals to reduce demand for wildlife products, we therefore 

recommend practitioners conduct experimental research to pilot-test norm appeal messages 

so that they are targeted, persuasive, and do not backfire,82,110 before using them in targeted 

messaging campaigns. We also advise practitioners to refer to one of the many science-based 

guides for designing effective norm appeals.77,85,112 They should also augment such appeals 

with other promising interventions, such as risk warnings.  
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Risk warnings. Of all seven intervention types reviewed, the evidence was strongest 

in support of the impact of warnings about risks of consumption to individual’s health. Six 

out of seven reviews concluded that risk warnings were effective in reducing cigarette or 

alcohol consumption, with an eighth concluding that they are effective in altering unhealthy 

food selection. Only one review, with multiple methodological limitations, concluded that 

risk warnings did not reduce self-reported risky alcohol consumption in adolescents. 

Common findings about what makes risk warnings effective included that they should 

incorporate messages to boost self-efficacy (people’s ability to adopt the recommended 

behaviour) and response-efficacy (people’s perception about how changing their behaviour 

will alleviate the risks; e.g., lung recovery after quitting smoking), use pictorial health 

warnings (vs. text only), and emphasise high susceptibility (i.e., the vulnerability of the target 

group).69 

Importantly, our findings were confined to health-related warnings and thus the 

results may not generalise to warnings about other risks relevant to conservation contexts 

(e.g., risks to reputation, conservation outcomes, or cruelty to animals etc). Further 

experimental studies are required to assess the impact of other warning types on 

consumption. We also acknowledge the suggestion that health-risk warnings could be an 

effective conservation tool is likely to be met with resistance from some conservationists. 

Despite the pervasive use of risk messaging in political, advertising, and public-health 

campaigns, conservationists have fiercely debated whether optimistic or pessimistic 

communication framing strategies are better at inducing behaviour change.26 Yet, Kidd et 

al.26 pointed out that the papers advocating for either approach substantially outnumber the 

papers providing empirical, conservation-specific evidence. They thus called for building a 

stronger evidence base to inform the best ways to communicate conservation messages.  
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The present review does not aim to settle the debate, particularly because the target 

behaviours of many conservation communications are outside of the present focus (e.g., 

donation, policy support, environmental action etc.). However, our synthesis highlights that 

warning people about the health risks of their consumption behaviours can effectively reduce 

demand. As many activities within the wildlife trade carry significant health risks (e.g., 

heightened risk of zoonoses spill over from bushmeat consumption,114 animal markets,14 and 

hunting15), our findings suggest that conservationists should consider how risk warnings can 

be leveraged to reduce consumer demand for overexploited wildlife products. Indeed, in light 

of the devastation caused by the current coronavirus pandemic, and the aforementioned 

associated risks, there may be a moral responsibility for conservationists to incorporate 

factual health-risk warnings into communications that concern many wildlife trade activities 

(for conservation relevant guidance, see MacFarlane and Rocha116).  

In our view, rather than asking whether negative or positive messages are more 

effective, we agree with McAfee and Connell118 that greater appreciation is needed for how 

the two framing approaches can work independently and in tandem, and how their 

effectiveness varies with context. Experiments have shown that people’s evaluations of risks 

and benefits tend to be negatively correlated—even when each is distinctly different.119 For 

example, if antibiotics are portrayed as effective, this will encourage the perception that they 

are also low in side effects, and vice versa. Equally, if pesticide use is considered high risk, 

this will encourage the perception that it is less effective, and vice versa. Thus, by 

communicating that consuming primate meat is both high in risk (e.g., of contracting 

disease123) and low in benefit (no more nutritious than other forms of protein) we can use 

both elements combined to reduce people’s perception of its value. Indeed, a recent 

experiment found that while the perceived value of an ineffective health remedy could be 

reduced by communicating either its lack of benefits (by 23%) or its potential health risks (by 
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30%), communicating both produced the greatest reduction in perceived value (by 50%).90 

These results have implications for framing conservation messaging about traditional health 

remedies that contain wildlife.   

While risk messaging is a potentially potent intervention for reducing harmful 

consumption, careless risk messaging can have negative conservation outcomes. For 

example, recent communications about the health risks posed by consuming bats (e.g., the 

potential for contracting novel zoonoses) may have contributed to reduced conservation 

support and increased violent retaliation towards wild bat communities.124 One way to 

neutralise the unintended effects of risk communications is to include messages about 

potential benefits (e.g., the positive ecological impacts of wild bats).125 Another tactic is to 

put the risk into context, for example, by communicating the risks of zoonoses from a diverse 

range of animals. This may discourage contacts with animals while avoiding disproportionate 

negative attention to individual species (e.g., bats or rats).127 For further guidance on 

communicating risks see also MacFarlane and Rocha116).  

[Insert Figure 5 near here] 

Implications  

The results of the present review have implications for addressing one of the major 

drivers of the biodiversity crisis, namely over-consumption. Changing behaviours related to 

over-consumption requires learning from existing evidence and applying a systematic and 

iterative approach to learning what interventions, and combinations thereof, are most 

effective. There are many examples of overconsumption that have far-ranging impacts on 

biodiversity where an evidence-based approach is needed. For example, a form of 

overconsumption that is often overlooked is illegal timber harvesting. This is estimated to 

supply between 10-15% of global timber trade and 50% of local trade in some  
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Figure 5. Summary of interventions found to be effective, with important caveats.  

 

Figure 5.  This figure summarises some key problems with norm appeals and risk warnings. 
The right column highlights one promising solution to address each respective problem.  
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works to change climate-relevant behaviours.132 The climate crisis calls for rapid reductions 

in consumption of transport goods and services, such as large vehicles and long-haul air 

travel. The potential reduction in carbon emissions that could be achieved by moderating 

demand for air travel is substantial. For example, one ticket on a long-haul flight from the 

United Kingdom to Australia equals the annual carbon emissions of an average UK person.133 

To address each of these challenges, we must learn from both our success and failures, and 

thus robust evaluations are critical to any ultimate success.  

Limitations.  There are several potential limitations of the present review. First, 

across the seven relatively common intervention approaches reviewed, most systematic 

review authors called for robust evidence to make firm conclusions regarding efficacy. 

Second, even for those interventions where the evidence was more robust, we do not know 

whether, and/or to what extent, the related insights will generalise to addressing the wildlife 

trade. Therefore, we advise conservationists who are considering applying one or more 

intervention types to proceed with caution and factor in robust experimental controls into 

intervention design, to ensure their subsequent evaluations can confidently contribute to the 

evidence base.   

We also acknowledge that in presenting such a broad overview of the literature we 

have inevitably oversimplified many of the cultural and contextual differences between the 

consumption of specific harmful products (e.g., alcohol and cigarettes) compared to many 

wildlife products. For instance, the evidence reviewed mostly comes from countries that are 

Western, educated, industrialised, rich, and democratic, with populations that may have 

distinct cognitive and motivational differences from non-Western countries.134 While this 

may limit the generalisability of our findings to non-Western countries, we nevertheless hope 

our approach uncovers some of the valuable insights gleaned from the decades of research 

and hard lessons learned from existing efforts to alter consumer behaviour.  
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Another limitation is that while we have adopted a systematic approach to assessing 

the literature, three elements of a typical systematic review were beyond the purview of the 

present project. These include (i) pre-registering a review protocol; (ii) recruiting multiple 

researchers to apply the exclusion criteria and conduct data extraction in duplicate; and (iii) 

preserving the originally-proposed exclusion criteria, since additional criteria had to be added 

(including financial incentives, education projects, and brief interventions) after the initial 

screening phase to ensure the final list of papers was sufficiently applicable to the project. 

 Furthermore, by excluding non-systematic reviews, our overview will have missed 

some primary literature. We suggest that this limitation is somewhat offset by the fact that the 

included systematic reviews have already collated, screened, and applied quality-control 

processes to much of the relevant literature and been peer reviewed. Similarly, given the 

broad scope of the review, it is possible we have not included some relevant systematic 

reviews. We aimed to minimise this risk by asking the advisory group to suggest reviews that 

had been missed. Finally, our categorisation of evidence into broad intervention types has 

invariably oversimplified much nuance relevant for making successful intervention 

campaigns. We acknowledge, for example, that not all location-based campaigns are 

identical. We hope that our discussion has illuminated some nuances, whilst providing a 

broad overview of intervention effectiveness.  

Conclusion 

Conservationists have increasingly sought to reduce consumer demand for 

overexploited wildlife products to address the current biodiversity crisis, and many are now 

calling for reductions in the wildlife trade to reduce the risk of pandemics. We sought to learn 

from the evidence from beyond conservation by considering systematic reviews of 

interventions that aim to reduce consumer demand for harmful products (e.g., cigarettes and 

illicit drugs). Our results found that mass-media campaigns were, on average, ineffective and 
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incentive programs were either ineffective or short-lived. We found that whilst advertising 

bans, social marketing, and locations bans were promising approaches, more high-quality 

evidence is needed to draw firm conclusions. There was more robust evidence that norm 

appeals can be effective, but effect sizes were often too small to be clinically relevant. We 

found that most robust evidence suggested that risk warnings can be effect, however, critical 

factors must be incorporated, such as including an efficacy component to help prevent 

possible public backlash against wildlife that could arise from poorly framed messaging.  

By learning from disciplines, other than conservation, we can benefit from a vast 

body of scientific knowledge on ‘what works’ to alter consumer behaviour. Our findings thus 

provide some insights into why some conservation campaigns may be more effective than 

others.  Ultimately, the better we learn from the evidence, the better we can counteract the 

overexploitation of wildlife. 

Search & Analysis Procedures 

Cochrane Database of Systematic Reviews, Web of Science, PsycINFO, and Scopus 

were searched for systematic reviews of primary studies assessing the effectiveness of 

interventions to reduce demand for harmful products (see supplemental materials “Search 

Strategy” for full details). For the purpose of this review, harmful products were deemed to 

be any product or substance that was likely to be the target of a public demand-reduction 

campaign, such as alcohol, tobacco, illicit drugs, stolen goods, and foods with high sugar or 

salt content.  The search strategy was developed in conjunction with an advisory board of 11 

experts. The advisory board was recruited to cover diverse expertise including health, 

economics, psychology, behavioural economics, and wildlife consumer behaviour. The 

database searches were run between the 18 - 26 October 2018. We did not apply limitations to 

the start date or geographical setting. However, for efficiency, we excluded records from 
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Scopus older than 2008, as this database only allowed for the extraction of article titles and 

not abstracts.  

Study Screening 

Our search strategy returned 13,325 unique articles that were screened against our 

inclusion criteria: 

1. Does the study aim to evaluate interventions to reduce demand (or otherwise alter 

consumption behaviour, e.g., stop smoking) for a harmful product, using 

quantitative data of intervention effectiveness?  

2. Is the study a systematic review? 

Reviews were judged to be systematic if they reported search-strategy details, 

inclusion and exclusion criteria, and clearly identified all included studies. Inclusion criteria 

were set high due to ensure the external validity of the results for answering the primary 

question and to ensure the overall volume of literature could be feasibly assessed given the 

available resources. We only included studies that reported on objective measures of 

consumer behaviour (also called “hard-measures”), which give a direct indication of the 

effectiveness of a given intervention on behaviour (e.g., sales figures, consumption levels, or 

quit attempts). Studies were thus excluded if they only reported non-behavioural outcomes 

(also called “soft-indicators”) such as attitude, intention, and knowledge (see supplemental 

material for justification). We excluded reviews that did not assess impact on consumer 

demand, such as those that evaluated harm-reduction outcomes (e.g., alcohol related 

accidents). We only included interventions that could feasibly be considered scalable and 

deliverable at a population rather than individual level, such as pharmacotherapy or brief 

interventions (individual advice delivered by medical professionals). Other exclusion criteria 

were also applied to ensure the interventions were feasible and practical for the current 

context. Full details and explanations of all exclusion criteria are covered in supplemental 
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materials (Table S2). The exclusion criteria were applied across multiple stages of screening 

(namely: title only, title and abstract, full text screening). The articles were checked for 

duplicate publications and updates, in which case only the most comprehensive and recent 

review was included. Overviews of reviews were excluded, unless they also reviewed 

primary studies; their reference lists were also searched for any inclusion in the present 

overview. The advisory board also provided suggestions on key reviews. Figure 6 shows the 

PRISMA flow diagram of numbers progressing through the screening process. 

 

Figure 6. PRISMA flow diagram of review screening process. 

 
 

 

Chapter 6: Reducing demand for overexploited wildlife products 162 



[Reducing Demand for Overexploited Wildlife Products]  
 

37 

 

Data Extraction 

Data were extracted from the final list of included reviews using a standardised form 

that collected information on the outcome indicators assessed, results from any meta-analysis, 

study limitations, and a summary of the authors’ conclusions. Review quality was evaluated 

against five key criteria, specifically on whether the systematic review (i) assessed mostly 

randomised controlled trials, and justified the inclusion of non-randomised study designs; (ii) 

used a comprehensive search strategy; (iii) provided detailed descriptions of each included 

study; (iv) assessed the risk of bias and limitations for each included study; and (v) if the 

review included a meta-analysis, whether the authors assessed the impact of heterogeneity of 

the included papers. This set of criteria was adapted from the recently developed AMSTAR 

tool.135 The exact text used to apply each criterion and a discussion of the criteria’s suitability 

is provided in the supplementary materials under the heading “Quality Assessment”. Based 

on these criteria, reviews received one of three ratings: A—yes to all criteria (or n/a to 

criterion 5); B—no to one criterion; or C—no to two or more criteria. This quality assessment 

measure thus aimed to draw the reader’s attention to potential limitations of given reviews 

(e.g., “review X did not assess risk of study bias”). The specific limitations of particular 

reviews identified through this process are outlined in Table S3 of the supplementary 

materials. Importantly, our criteria reflect an assessment of review quality rather than an 

assessment of the quality of respective primary studies.  

The quality of each review was scored by the primary author. A random sample of 20 

reviews were also rated by three independent reviewers. Kappa analysis was then conducted 

comparing the ratings of each criterion between the reviewers. This analysis was used to 

identify sources of disagreement between quality assessments, which then facilitated the 

reconciliation of any differences in the application of a criterion. 
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Data Analysis 

Comprehensive narrative summaries of the results were extracted into Table S3. For 

brevity, an additional narrative synthesis of Table S4 was conducted for inclusion in the main 

review and categorised according to intervention type. We also provided a more quantitative 

comparison of each intervention type by collating an effect size from each systematic review 

that contained meta-analysis. To avoid reporting pseudo-replicated effect sizes, we extracted 

only one effect size from each systematic review. When reviews reported multiple effect 

sizes, we prioritised the effect size that (i) communicated an assessment of an objective 

measure of consumer behaviour, and (ii) was calculated from the greater number of high-

quality studies. To help communicate the results, a forest plot was created (Figure 1) by 

converting effect sizes into the statistic that was most commonly reported, namely Cohen’s d. 

However, we did not conduct meta-analysis given the heterogeneity of intervention types, 

review methodologies, and outcome variables. Comparisons of each meta-analytical effect 

size are thus only provided to offer an overview of the evidence base and to illustrate the 

comparative impact, and variability, of different intervention types. Furthermore, whilst 

Cohen’s d is less amenable to direct interpretation in lay terms, we considered it more 

appropriate given the aim of providing a general comparative overview of heterogeneous 

results. When data, such as confidence intervals, were missing or not amenable to 

standardization, the original review authors were approached for clarification. Where the 

authors did not respond to our requests for clarification, respective meta-analyses were 

excluded from Figure 1 so as not to provide misleading comparisons. However, for 

transparency, we reported all unstandardized effect sizes in Table S4 of the supplementary 

materials. 
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Supplemental Information Description 

The supplemental material contains the full details of the search strategy (components of 

primary question, search terms, and search stages), eligibility criteria, and data extraction 

process (quality assessment criteria and kappa analysis). 
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Table 1. Possible dem
and parallels betw

een w
ildlife products and other harm

ful products. 

D
rivers  

D
escription 

E
xam

ple H
arm

ful Products 
E

xam
ple W

ildlife Products 

R
ecreational 

M
otivated by the desire to fulfil hedonistic 

pleasure. Includes both recreational pursuit of 
leisure and sensory pursuit to please the senses 

Individual hedonistic m
otivation to 

consum
e licit and illicit drugs (e.g., 

alcohol, cigarettes, cocaine, m
arijuana, 

heroin) 

Tiger bone w
ine

102 
R

hino horn hangover detox
103 

Songbirds 105 

M
edicinal 

M
otivated by the desire to treat an illness, 

prom
ote w

ellness, and/or avoid pain. 
M

otivation to self-m
edicate, often 

linked to drug addiction (e.g., alcohol, 
cigarettes, heroin, &

 m
arijuana)  

U
nsupported health rem

edies (e.g., 
m

ultivitam
ins, hom

eopathy) and health 
fraud/scam

s (e.g., w
eight-loss scam

s) 
 

Traditional rem
edies containing w
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Pangolin scales 109 
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Social  
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norm
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Sensory 
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Note. The driver categories and subsequent descriptions have been adapted from
 recent w

ork by W
alters et al., 91 to categorise m

otivations for w
ildlife 

consum
er products. 
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This chapter is presented in the format of a journal article.  
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A B S T R A C T

While the current COVID-19 pandemic continues to wreak havoc on human health and national economies,
conservationists are struggling to prevent misguided persecution of bats, which are misleadingly being blamed
for spreading the disease. Although at a global level, such persecution is relatively uncommon, even a few
misguided actions have the potential to cause irrevocable damage to already vulnerable species. Here, we draw
on the latest "ndings from psychology, to explain why some conservation messaging may be reinforcing mis-
leading negative associations. We provide guidelines to help ensure that conservation messaging is working to
neutralize dangerous and unwarranted negative-associations between bats and disease-risk. We provide re-
commendations around three key areas of psychological science: (i) debunking misinformation; (ii) counter-
acting negative associations; and (iii) changing harmful social norms. We argue that only by carefully framing
accurate, honest, and duly contextualized information, will we be able to best serve society and present an
unbiased perspective of bats. We hope this guidance will help conservation practitioners and researchers to
develop e#ective message framing strategies that minimize zoonotic health risks and support biodiversity and its
associated ecosystem services.

1. Introduction

Zoonoses are infectious diseases — caused by bacteria, viruses,
fungi, parasites or other pathogenic agents — that spread from animals
to humans. Most human recurrent and emerging infectious diseases are
zoonotic (Jones et al., 2008), and their origins can often be traced to
speci"c wildlife reservoirs (Johnson et al., 2020). Emerging zoonoses
have an enormous impact on global human health and are a signi"cant
burden on national economies, especially in low-income countries
(Karesh et al., 2012). These impacts are particularly catastrophic when
novel outbreaks spread worldwide through human-to-human trans-
mission, such as the COVID-19 pandemic, and can lead to long-lasting
consequences to the world's biodiversity and to conservation activities
(Corlett et al., 2020; Evans et al., 2020).

Communicating the health risks posed by zoonoses is paramount to
protecting human populations and mitigating the spread of the disease
(Decker et al., 2012; Quinn et al., 2014). Yet, information (and mis-
information) about zoonoses and their suspected animal hosts can

potentially impact the public's perception about a given taxa (Davis
et al., 2017). Ongoing news coverage, for example, repeatedly linking
wildlife to a particular zoonotic disease, can fuel animosity towards a
given species (or set of species), and in extreme cases, erode societal
support for conservation or even fuel direct persecution of known or
suspected disease reservoirs (Buttke et al., 2015; Guyton and Brook,
2015). In this context, even well-intentioned e#orts by journalists, re-
searchers, and conservationists to counteract dangerous negative asso-
ciations between wildlife and zoonoses can lead to unintended con-
sequences and further reinforce negative stereotypes (Decker et al.,
2012; Buttke et al., 2015; Lu et al., 2016). This insidious outcome is
particularly problematic amid the current pandemic, due to the tre-
mendous societal and economic impacts COVID-19 is having at a global
scale, combined with an overabundance of media coverage associating
wildlife, and in particular bats, with the disease. Moreover, much of the
ongoing media framing has been poorly crafted and inadequately
contextualized, which may have inadvertently ampli"ed public risk
perceptions about bat-associated diseases, beyond the real
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proportionate risks. Such perceptions have also likely been ampli"ed
through social media, with potential counterproductive e#ects on
public support for bat conservation.

Insights from human psychology can be used to carefully design
messages that result in better outcomes for public health and con-
servation (Davis et al., 2017; Lu et al., 2016). Although several previous
authors have already discussed some of the pitfalls and challenges as-
sociated with message framing of wildlife-disease associations (e.g.
Decker et al., 2011, 2012; Buttke et al., 2015), up-to-date guidance on
how to communicate about zoonoses without dampening support for
conservation is currently lacking. Using COVID-19 and bat conservation
as a case in point, we build on previous research and outline how
psychological science can be used to address some of the complexities
associated with conservation communications in the context of emer-
ging zoonoses.

1.1. COVID-19 pandemic and bat conservation

Since "rst being recorded in late-2019 in China, COVID-19 has
spread to>200 countries and territories, causing over a quarter of a
million human deaths and sending billions of people into lockdown as
health professionals struggle to cope with rising numbers of infected
patients. At an early stage in the outbreak, bats were identi"ed as a
suspected reservoir of the new disease owing to the similarity between
SARS coronavirus 2 (SARS-CoV-2), the causative agent of COVID-19,
and a bat-borne coronavirus (Bat CoV RATG13), previously identi"ed
in intermediate horseshoe bats (Rhinolophus a!nis; Zhou et al., 2020).
Although the World Health Organization emphasizes that “possible an-
imal sources of COVID-19 have not yet been con"rmed” (World Health
Organization, 2020), the association between bats and perhaps the
worst zoonotic outbreak in modern history, has predictably sparked
negative reactions against this taxon (Zhao, 2020).

Much of the perceived disease risk associated with bats likely relates
to their association with several other high-pro"le emerging viral
zoonoses including the severe acute respiratory syndrome (SARS) cor-
onavirus (CoV), the Ebola and Marburg "loviruses, and the Hendra and
Nipah henipaviruses (Brook and Dobson, 2015; Brook et al., 2020).
While bats thus present real risks as hosts for potentially dangerous
diseases, several factors need to be considered to understand how this
risk "ts into the wider context of zoonoses. First, recent research in-
dicates that the number of human-infecting viruses in bats is similar to
other mammals, after controlling for the number of species within each
order (Mollentze and Streicker, 2020; but see Olival et al., 2017).
Second, ample evidence indicates that the greatest risks for virus spil-
lover to humans comes from human activities that facilitate the mixing
of taxonomically diverse species (e.g., intensive animal farming, live
wildlife markets, keeping of wildlife as pets, in sanctuaries, and
alongside domestic animals; Johnson et al., 2015) as well as activities
that involve, or increase, human-animal interactions (e.g., hunting and
habitat destruction and deterioration; Johnson et al., 2020). Third, bats
make critical and multivariate contributions to human well-being (Kunz
et al., 2011). In light of such factors, the dialogue about bat con-
servation and bat-associated infectious diseases thus poses a wicked
problem (Waltner-Toews, 2017): namely, how to appropriately com-
municate about the risks between bats and zoonoses, without vilifying
the former.

Message framing of bat-associated diseases is a mammoth challenge
that requires close collaboration between virologists, public health of-
"cials, conservation scientists and practitioners. Without such colla-
borations, poorly contextualized or overblown associations between
bats and zoonotic risk can swiftly mask the intrinsic (Blackmore et al.,
2013; Quinn et al., 2014), ecological (Kunz et al., 2011) and economic
(e.g. Boyles et al., 2011) importance of bats. In turn, this can propagate
unwarranted negative attitudes and consequently lead to both direct
persecution and erosion of local support for bat conservation e#orts
(López-Baucells et al., 2018). For example, large !ying foxes are key

pollinators of durian (Durio zibethinus), a culturally and economically
important fruit crop throughout Southeast Asia (Aziz et al., 2017).
However, some durian growers are now reluctant to support !ying fox
conservation due to fear of backlash from the public in the aftermath of
the COVID-19 outbreak (Tuttle, 2020). Worse still, reports from other
parts of the world suggest a few communities have even sought to cull
bats in a misplaced e#ort to combat the disease (CMS, 2020). Such
misguided behaviours present considerable cause for concern, not least
because past experience has shown such actions not only fail to elim-
inate disease risks (Blackwood et al., 2013) but can also increase the risk
of zoonotic disease spreading to humans (Olival, 2016). As a case in
point, a study of 20 colonies of common vampire bats (Desmodus ro-
tundus) in Peru found that culling not only failed to eliminate rabies in
disturbed colonies but inadvertently led to an increase in the proportion
of infected bats compared to undisturbed ones (Streicker et al., 2012).
Similarly, in Uganda, as a response to an outbreak of Marburg hemor-
rhagic fever, locals culled thousands of Egyptian fruit bats (Rousettus
aegyptiacus) but failed to prevent a second, even larger, outbreak some
20 km from the cave where the culling took place. Worse still, the
culling also increased the risk of disease spillover as the Egyptian fruit
bats that subsequently recolonized the cave had higher levels of active
infection (Amman et al., 2014).

Here, we draw on the latest "ndings from the psychology of science
communication and behaviour change (Buttke et al., 2015: Decker
et al., 2012; MacFarlane et al., 2020), to highlight some of the major
pitfalls for bat conservationists and practitioners, especially when
communicating with the public about bats and disease-risk. We do not
speculate about the origin of SARS-CoV-2 or further elaborate about the
relationship about bats and zoonotic viruses (see e.g., Wood et al.,
2012; Brook and Dobson, 2015; Brierley et al., 2016; Brook et al., 2020;
Andersen et al., 2020; Johnson et al., 2020). Instead, we aim to o#er
some guidance from the science of science communication (Kahan,
2015) to help ensure that conservation communications are working to
neutralize dangerous and unwarranted negative-associations between
bats and disease-risk. Although framed around bats and COVID-19, we
believe that the advice presented here may be relevant to other taxo-
nomic groups also linked with zoonoses (e.g. bird conservation in the
context of avian in!uenza); and also to other situations where practi-
tioners need to debunk harmful misinformation (e.g., false health
claims about remedies made from body parts of endangered animals) or
counteract unwarranted attitudes towards a given conservation issue
(e.g. blaming wild carnivores for livestock attacks perpetrated by feral
dogs). To improve comprehension and accessibility of our guidelines,
we also provide a simpli"ed visual depiction (Fig. 1) of the more de-
tailed guidance we now provide below.

2. Debunking misinformation

Few would deny that the contemporary media landscape has be-
come increasingly used to spread disinformation—misinformation dis-
seminated with the intent to deceive, often for political or "nancial
motives. However, we believe that the growing tide of environmental
disinformation (Cook et al., 2018) poses underappreciated threats to
conservation objectives (Daly, 2020). Moreover, conservationists ap-
pear to be largely unprepared to contain disinformation when it
emerges in relation to conservation issues (Kidd et al., 2019a; Thaler
and Shi#man, 2015). In 2016, Oxford dictionary's word of the year was
“post-truth”—de"ned as “relating to or denoting circumstances in
which objective facts are less in!uential in shaping public opinion than
appeals to emotion and personal belief” (Flood, 2016). Such develop-
ments suggest that, while the scienti"c community is pushing an evi-
dence-based agenda, modern society may have arrived upon a new
paradigm where what matters is not veracity but holding attention and
social signaling (McCarthy et al., 2020). This often translates into the
spread of speculative, misleading, or re-interpreted information as
factual (e.g. “bats may be a natural reservoir of SARS-CoV-2” becomes
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“bats are responsible for COVID-19”). The ease and speed at which such
mistruths are shared through social media expediates this spread of
disinformation and greatly magni"es its real-world repercussions.

2.1. How correcting misinformation can make the problem worse

When faced with falsehoods and inaccuracies, the scienti"c com-
munity often reacts by directly challenging the misrepresentations
(Williamson, 2016; Caul"eld, 2020). However, even after credible

retractions of misinformation, people's reasoning often continues to be
in!uenced by that misinformation, a phenomenon termed the continued
in#uence of misinformation (Johnson and Seifert, 1994). Several cogni-
tive factors are responsible for this e#ect including that people often
lack the skills to objectively evaluate information and so have a di$cult
time discerning between facts and familiar "ctions (Bedford, 2010;
Cook et al., 2018; Swire et al., 2017). Also, memory is an imperfect
process, such that new information does not perfectly update old in-
formation; and recalled memories are vulnerable to outside in!uences

Fig. 1. A visual summary of our guidelines for communicating about bats to counteract persecution driven by fears associated with zoonotic health risks. This guide
was adapted from an infographic by Lewandowsky et al. (2012) to help practitioners e#ectively refute misinformation.
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and can result in memory distortion, making it di$cult to remember
which information was fact and which was "ction (Lewandowsky et al.,
2012).

Consequently, despite our intentions to correct misinformation,
whenever we repeat it (even to refute it), our communications can
strengthen the association. In other words, by stating that “bats don't
spread COVID-19”, this can strengthen the association between bats
and COVID-19, and consequently many will misperceive, mis-
remember, or simply forget the detail about bats NOT being responsible
for spreading the virus. Thankfully, research from experimental psy-
chology has demonstrated the e$cacy of several tactics that can help to
"debunk" misinformation in ways that counteract such problems
(Lewandowsky et al., 2012). Based on this body of evidence, we now
outline several key principles of e#ective debunking.

2.2. Guidance for evidence-based debunking of misinformation

To e#ectively debunk misinformation and overcome the continued
misinformation e#ect, evidence-based refutations should:

(i) Warn recipients before confronting them with misinformation be-
cause warnings enable people to avoid the initial acceptance of
misinformation, thus reducing the need for subsequent revision
(Ecker et al., 2010);

(ii) Study the tactics used by those spreading misinformation (Thaler
and Shi#man, 2015) and, before misleading stories gain traction,
pre-emptively explain the !awed argumentation techniques used
(e.g., fake experts, doctored images, oversimpli"ed scienti"c con-
cepts; Cook et al., 2017; Cook et al., 2018, van der Linden et al.,
2017).

(iii) Repeat the facts, but avoid repeating the misinformation more than
necessary (in order to refute it), because repetition can enhance
familiarity, which ultimately can foster false beliefs (Jacoby and
Kelley, 1989);

(iv) Use graphical evidence, because visual representations can make
counter-arguing more di$cult and help consumers comprehend
data (Dixon et al., 2015);

(v) Provide alternate explanations of the debunked phenomenon to "ll
the mental “gap” left behind from retracting the misinformation
(Ecker et al., 2010). This component of explanation should also
address the potential motivation behind the initial source of mis-
information (e.g., spread chaos, sell remedies, sell advertising,
support an industry, support a political ideology; Nyilasy, 2019).

3. Counteracting negative associations towards bats

Throughout human history, bats have been both feared and cele-
brated. For instance, in Mayan mythology, bats were associated with
death through the bat god Camazotz (Thompson, 1966). Whereas, in
China, they have been traditionally regarded as symbols of good for-
tune (Kingston, 2016). Recently, however, negative stereotypes asso-
ciated with the group (often re!ected in misinformed myths, legends,
and folklore) have increasingly been magni"ed by fear-inducing media
headlines that often present bats as culprits of disease outbreaks (López-
Baucells et al., 2018). Consequently, bat conservationists are increas-
ingly faced with sensationalist fearmongering and misinformation
about the risks posed by bats, and thus understandably feel compelled
to counteract such beliefs in the hope of preventing public backlash
against the group.

3.1. How people use feelings to make decisions

Knowledge alone is rarely the sole driver of attitudes and beha-
viours towards environmental issues (Fielding and Head, 2012). In-
stead, people's judgements and decisions are often guided by several
heuristics, or mental shortcuts, that evolved to enable us to make quick

decisions (Kahneman, 2012). One way we make quick decisions is by
relying on “gut-feelings” rather than more deliberative rational pro-
cesses. This aspect of our decision-making process is governed by af-
fect— the speci"c quality of “goodness” or “badness” that becomes
associated with an action or item (Slovic et al., 2007). A#ective rea-
soning may explain much of the over-reactions towards bats (Kingston,
2016). Speci"cally, in the context of zoonoses, negative a#ect is being
irrationally attached to bats, because of the repeated, and thus in-
creasingly familiar, link between disease (bad) and bats (now also feels
bad).

Many attributes of a#ective reasoning should inform public mes-
saging about the importance of bat conservation. One key attribute is
that our evaluations of risks and bene"ts tend to be negatively corre-
lated—even when the nature of the risks (or bene"ts) is both distinctly
and qualitatively di#erent from the nature of the bene"ts (or risks;
Alhakami and Slovic, 1994). For example, if bats are portrayed as high
in risk, this will contribute to the perception that they are also low in
bene"t, and vice-versa. This tendency is further ampli"ed when people
have less capacity (e.g., high stress or lack of time) for analytical de-
liberation (Finucane et al., 2000). Evidence on the a#ect heuristic
suggests that the perception of one attribute can be in!uenced by ma-
nipulating information about the other (Finucane et al., 2000;
Ghanouni et al., 2017).

Another key attribute of a#ective decision-making is that people
tend to underestimated large risks, which are mundane and under-re-
ported (e.g., diabetes, stroke, tuberculosis) but greatly overestimate
small risks, which are over-reported, sensational, or fear-inducing (e.g.,
shark attacks, tornadoes, and cases of rabies transmission by bats;
Slovic et al., 2007). One explanation for this bias, is that such a#ect-
laden risks, no matter how improbable, become encoded in people's
memory through potent images, metaphors, and emotional narratives
that trigger strong reactions and thus also greater media interest, and
therefore tend to feel riskier. Unfortunately, wildlife-associated diseases
tend to have many traits that can amplify the risk perceptions above the
actual risk. Such traits include novelty, potential for high-consequence
outcomes (illness or death), and the lack of individuals to control the
threats (Buttke et al., 2015).

3.2. Guidance for counteracting harmful negative associations

To e#ectively alter people's irrational and/or harmful negative as-
sociations, while always being factual, communicators should aim to:

(i) Avoid using negative, especially fear-inducing, metaphors or pic-
tures linking wild bats to diseases, as such imagery will be far more
memorable than any subsequent rational appeal to conservation
outcomes. However, if the messaging was speci"cally targeted at,
and con"ned to, human-bat interactions, such as hunting, trading,
and eating wild bats, then it may be vital to clearly communicate
the real health-risks arising from such behaviours (Lu et al., 2016;
Tannenbaum et al., 2015). Nevertheless, practitioners should still
not use misleading imagery linking animals in the wild to zoo-
noses.

(ii) Emphasize the direct, and indirect, health bene"ts that bats pro-
vide to human populations. For example, highlight their con-
sumption of disease carrying mosquitoes (Kemp et al., 2019) or
their critical role in suppressing agricultural pests and their con-
tribution to human food security (Wanger et al., 2014; Maas et al.,
2016; Puig-Montserrat et al., 2015; Russo et al., 2018).

(iii) Provide factual, awe-inspiring, natural history information about
bats, and about the bene"ts that they provide to natural ecosys-
tems. For example, emphasize their role in the recovery of de-
graded landscapes via seed dispersal and the suppression of her-
bivorous insects (Farneda et al., 2018). Acknowledging the
ecological bene"ts of bats is especially important in risk messaging
(e.g., when communicating about rabies), as it can foster greater

D. MacFarlane and R. Rocha %LRORJLFDO�&RQVHUYDWLRQ������������������

�

Chapter 7: Applying psychology to bat conservation 188 



intention to adopt recommended risk-reduction behaviours,
without stigmatising bats (Lu et al., 2016).

(iv) Explain why, if most bat species are left alone, they present little, if
any, risk to human health. Where some risk exists for a certain
species (Quinn et al., 2014), then communicate the steps that:
people can take to reduce their personal risk (Decker et al., 2012);
society is taking to reduce the collective risk (Bandura, 2000); and
that a given technology can help to reduce a particular risk (e.g.,
explain why research into bats' immune systems may hold the key
to ground-breaking antiviral treatments for humans; Kachel,
2016).

(v) Risks should also be quanti"ed using easily evaluable comparisons
to relatively mundane events (e.g., “although rabies is one of the
most important zoonotic viruses in bats, at a global-scale, bites
from domestic dogs are responsible for over 99% of rabies-related
deaths”; World Health Organization, 2013). Equally, strive to de-
scribe both the high bene"ts and/or low risks, using easily evalu-
able comparisons (e.g., “straw-coloured fruit bats (Eidolon helvum)
bene"t forests by dispersing seeds up-to four times further than
other similar-sized frugivores”; Abedi-Lartey et al., 2016).

4. Changing harmful social norms

Recognising the role of social context on people's attitudes and be-
haviours is paramount to understanding human-bat relationships.
Kingston (2016) provides a detailed account of how social norms—the
rules or expectations about how members of a community should be-
have—can impact bat conservation. Here, we emphasize the dynamic
nature of social norms and how these can be impacted by information
regarding zoonoses, while providing best practice on how to use a
"norm appeal" to alter damaging human behaviours towards bats.

4.1. How e$orts to alter social norms can back"re

As individuals, we owe much of our success to other members
within our communities. Such cooperation, and therefore our in-
dividual success, is often reliant on successfully detecting and adhering
to social norms within our perceived community (Simler and Hanson,
2017). One way to alter harmful behaviours is to employ a norm ap-
peal—messaging that aims to alter an undesirable behaviour by en-
couraging conformity towards more a desirable norm, usually by re-
ferring to the existing behaviour of an in!uential group (e.g., “most
farmers in your community have installed arti"cial bat roosts to en-
hance pest-control services provided by bats”). To design e#ective norm
appeals, we must "rst be able to distinguish between (i) injunctive
norms— what others approve or disapprove of doing, (ii) descriptive
norms—what other people typically do, and (iii) perceived norms—-
what individuals believe about the real injunctive and descriptive
norms (Farrow et al., 2017).

Failure to distinguish between di#erent types of norms can result in
messages that inadvertently strengthen undesirable norms. For ex-
ample, stating that “people should stop harming bats” is also implicitly
highlighting the descriptive norm that some people are harming bats,
which could encourage others towards that undesirable behaviour
(Cialdini, 2003). In contrast, stating that “most people know bats are
harmless and should be protected,” may be equally true, but instead it
should encourage conformity in the desired direction.

4.2. Guidance for designing e$ective norm appeals

To e#ectively alter undesirable norms and encourage more desir-
able behaviours, communications should aim to:

(i) Avoid reciting adverse norms, such as “Stop harming bats!”, as this
implicitly suggests that some people are harming bats and can
create perception that this behaviour is more acceptable and

widespread than reality (Cialdini et al., 2006).
(ii) Emphasize descriptive norms, such as “The vast majority of

countries protect bats, and millions of people live happily along-
side them”, as this will encourage conformity with the greater
majority (Cialdini, 2003).

(iii) Where the desired behaviour is not yet established, highlight the
increasing frequency of the desired norm, such as “more and more
countries are formally recognising the importance of conserving
wild bats” (Rare and The Behavioural Insights Team, 2019).

(iv) Highlight norms that are speci"c to the target populations, as the
more a target community identi"es with, respects, or aspires to the
referent group, the greater the impact of the norm appeal (e.g.,
“People in your speci"c community are protecting bats, and ben-
e"ting from their role in nature”; White et al., 2009).

(v) Combine descriptive norms with injunctive norms. Combining
both what people are doing, and what people approve of others
doing (Axelrod, 1986), can create the strongest form of a norm
appeal (e.g., “Most people are now rejecting evicting bats from
their roosts and instead are now in favour of greater protection of
bats”; Cialdini, 2003).

5. Discussion

The COVID-19 pandemic, with its associated loss of life, severe
human su#ering and economic impacts, is due to profoundly re-shape
the perceived risks for wildlife-associated diseases. The fact that—the
most similar virus to SARS-CoV-2, identi"ed to-date, is a bat-borne
coronavirus—has engulfed bats in a maelstrom of virus-related news
coverage and a related growing tide of misinformation. The re-
verberations will likely carve long-lasting negative impact on percep-
tions, attitudes, and behaviours towards bats. As the pandemic con-
tinues to unfold, bat-researchers across the world are facing
unprecedented pressure to directly engage with the public to con-
textualize the risks of bat-borne zoonoses and minimize potential
backlash against the group. This task is likely pushing many re-
searchers, especially ecologists and conservationists, into unfamiliar
territory. While valuable lessons from di#erent sub-"elds of conserva-
tion science are available to help design conservation messages, such
guidance has yet been collated and placed in the context of zoonotic
risk.

In this article, we outlined some key points that bat conservationists
should consider when devising conservation messaging aimed at neu-
tralizing unwarranted negative-associations between bats and disease-
risk. Our advice focuses on three areas of psychological science that we
perceived as particularly relevant in the current context. We stress that
our advice is not exhaustive, and should be considered within the
growing body of literature devoted to zoonotic risk communication
(Decker et al., 2010, 2012, 2016), conservation message framing (Kidd
et al., 2019a; Kusmano# et al., 2020) and conservation focused social-
marketing, particularly in the context of human-wildlife con!ict
(Veríssimo et al., 2019).

In addition to the points highlighted here, communicators should
also consider many other factors that in!uence public reactions to
conservation messages. These include, but are not limited to, hyper-
saliency, social/cultural context, psychological distance, message
framing, message channel, and messenger e#ects (Veríssimo et al.,
2019; Kidd et al., 2019b; Kusmano# et al., 2020). Such factors should
not be regarded in isolation, as their interaction can in!uence the re-
ceiver's attitudes and/or behaviours. Furthermore, zoonotic risk often
represents a single dimension of the human-bat con!ict and acknowl-
edged or latent drivers of animosity towards bats (e.g. reactions to fruit
damage by bats or to the noise and smells of rooting colonies) may also
a#ect people's perception of bats and their reaction to conservation
communications.

Conservation messages are often intuitively designed (i.e., not in-
formed by evidence; Kidd et al., 2019b) and their impact on people's
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behaviour is rarely robustly evaluated (Veríssimo and Wan, 2019). Such
shortcomings will be especially prevalent during an unprecedented
pandemic, and thus we acknowledge that many conservation commu-
nications must often, and unavoidably, be more reactive than proactive.
Despite this impediment, communicators should consider that even
messages based on the best available evidence can have unintended
e#ects (Kusmano# et al., 2020). Messages should thus be, wherever
feasible, pilot tested with a representative sample of the target popu-
lation. Testing should adopt appropriate experimental designs (to en-
able robust causal inference; MacFarlane, 2020) and not only evaluate
message e#ectiveness but also record unforeseen outcomes. Critically,
messages should align with best available advice from heath autho-
rities, who, along with other relevant stakeholders (e.g., local com-
municates, government departments etc.), should be consulted as key
actors in the communication strategy.

6. Concluding remarks

Bats represent nearly one "fth of all described mammal species and
rival only humans as the most widely distributed mammals on Earth
(Conenna et al., 2017; Burgin et al., 2018; Frick et al., 2019). Owing to
scarce research and the cumulative e#ects of anthropogenic pressures
such as habitat loss and degradation, overharvesting, invasive species,
and climate change, around one third of the>1400 recognised bat
species are classi"ed as data de"cient or threatened by the IUCN Red
List (Frick et al., 2019). Despite the critical ecological importance of
bats, their hyper-saliency as reservoirs of dangerous zoonoses is likely
to negatively a#ect support for their conservation. In the aftermath of
the current pandemic, bat biologists will need to carefully navigate the
human-dimensions of bat conservation and be exceedingly cautious
about how they communicate about bats and zoonoses. To this end, we
argue that the psychology of science communication provides the best
guidance available.

In a world where humans and the natural hosts of emerging in-
fectious diseases are increasingly connected, an integrated and inter-
disciplinary approach to articulate wildlife-related science commu-
nication in the context of human health is paramount. Only by carefully
framing accurate, honest, and duly contextualized information will we
be able to best serve society with a comprehensive and unbiased per-
ception of wildlife that minimizes zoonotic health risks and allows wild
species, their vital ecosystem services and human societies to co-exist.
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 8.1 Summary of Theoretical Contributions  

This thesis aimed to investigate how to reduce consumer demand for ineffective 

health remedies. To answer this question, I took a systematic approach to designing, testing, 

and building an evidence base of effective interventions.  

First, I sought to understand the underlying cognitive drivers that make people 

susceptible to fraudulent health claims—claims about health remedies that are ineffective, 

harmful and/or untested. Drawing on an extensive review of the literature, I developed a 

structured taxonomy of the psychological drivers of demand, the cognitive barriers that can 

impair the application of interventions, and corresponding evidence-informed treatments to 

help consumers overcome those barriers. This framework, outlined in Chapter 2, provided an 

extensive research agenda of testable hypotheses that predict how each intervention should 

help consumers resist fraudulent health claims.  

Second, I sought to systematically test several of these hypotheses using two objective 

measures of consumer demand, namely willingness-to-pay and propensity to promote 

misinformation. To measure willingness-to-pay, in Chapters 3-5 I gave participants 

opportunities to bid on ineffective health remedies, namely commonly consumed dietary 

supplements. The experimental auction paradigm that I adapted was the innovative backbone 

of my empirical results, providing a reliable and replicable measure of consumer willingness-

to-pay under different treatment conditions. In Chapter 5, I also developed a novel measure to 

quantify participants’ willingness to promote misinformation through social media. Together, 

these two mechanisms enabled me to test the impact of key psychological barriers on key 

consumer behaviours and, perhaps more importantly, demonstrate the effectiveness of our 

hypothesised interventions in helping consumers to overcome those barriers and thus make 

better consumer choices. 
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8.2 Summary of Empirical Findings 

Chapter 3 allowed me to investigate the impact of the illusion of causality. In the pilot 

study (Appendix II), I created this illusion by telling people about a fictitious health remedy 

but only giving them half the information needed to make a valid causal assessment (i.e., they 

received only information about the number of people who report experiencing a benefit from 

taking a health remedy vs. the number who report no benefit). I found that the vast majority 

of people fell for this illusion (see Figure 4 of Appendix II). My results showed this could be 

explained, in part, by the additional finding (see Figure 5 of Appendix II) that people do not 

value the information needed to consider an alternative explanation (i.e., the number of 

people who report experiencing a benefit from taking a placebo vs. the number who report no 

benefit). Indeed, in the main study, I observed how peoples’ willingness-to-pay for the 

ineffective supplement increased when they received the half-contingency table (by 24.5%) 

and how this increase was similar (24.1%) to those that received the full positive-contingency 

table (i.e., deceptively showing the product was effective). Unfortunately, neither condition 

was significantly different from control, which may have been due to an already high demand 

for supplements and/or the experiment being statistically underpowered. Nevertheless, the 

results signalled that creating an illusion of causality could be equally as damaging as plainly 

deceiving consumers. 

Importantly, we demonstrated an effective way to overcome the illusion of causality 

was to empower consumers with an understanding of how we know the remedy is not 

effective. This involved providing three elements: (i) a simple tool to visualise clinical results 

(i.e., a contingency table), (ii) a short explanation of those results, and (iii) an alternative 

explanation to fill the mental gap potentially created by debunking the belief that the remedy 

is effective. Our results, which were replicated in Chapter 4, showed this strategy reliably 

reduced consumer demand for an ineffective health remedy by 23% more than simply 
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highlighting the lack of evidence to support that remedy. The results illustrate the importance 

of addressing the illusion of causality rather than simply relying on a “trust me, I’m an 

expert” approach. The results also suggest demand-reduction campaigns that fail to counter 

the illusion of causality may have limited impact—specifically, because the illusion of 

causality leads consumers to be persuaded by deficient “evidence”, such as their own 

observations, experiences, and the testimonies of others.  

Chapter 4 allowed me to test whether the results in Chapter 3 would replicate and 

whether the intervention could be strengthened by addressing an additional psychological 

barrier—namely, the feeling (an affective association) that alternative health remedies are 

harmless. In other words, which approach would have the greatest impact on consumer 

demand: challenging misperceptions about efficacy or challenging misperceptions about risk? 

This study aimed to help inform the seemingly endless debate as to whether fear appeals are 

effective. In researching the literature, I found proponents on both sides of this debate often 

overlooked key evidence or failed to consider the nuances of designing effective fear appeals.  

Over two experiments, I found consumer choices were reliably influenced by both 

approaches and, most importantly, the combination of both elements provided additive 

effects superior to either alone. This showed that combining two simple, but psychologically-

informed, treatments into one intervention could reduce consumer demand for an ineffective 

health remedy by 50%. The results were consistent with a recent and comprehensive 

metanalysis of the empirical evidence, which found that fear appeals were effective under 

most circumstances (Tannenbaum et al., 2015). Furthermore, the results confirmed my 

prediction that communicating both elements, by stating that a remedy is both low in benefits 

and high in risks, would serve to influence consumers in the same direction and reduce the 

remedy’s perceived value. This provides further evidence to support an already robust finding 

in psychological science, namely, that people’s perceptions of risks and benefits are 
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negatively correlated (Finucane et al., 2000; Slovic et al., 2004). The findings in Chapter 4 

have implications for how authorities can discourage the use of harmful health remedies. 

Furthermore, it provides support to recent calls by behaviour-change researchers that neither 

positive nor negative messaging should be considered as more effective; instead, both are 

valuable for driving effective behaviour change (Kidd et al., 2019).  

Another important finding from Chapter 4 was that the impacts of the treatment 

conditions on willingness-to-pay were comparable between the hypothetical and incentivised 

versions of the experimental auction. This shows that reliable results can be acquired via 

online experiments without the need for them to be incentivised with real money and/or 

products. This is important because online experiments enable researchers to use limited 

research funding more efficiently. Moreover, this result indicates the potential for researchers 

to use the hypothetical-auction paradigm to pilot test interventions where an incentivised 

paradigm would otherwise not be appropriate (e.g., for ethical, legal, or financial reasons), 

such as when evaluating demand for rhino horn or illicit drugs etc. Of course, future 

researcher will still need to follow up promising online results with incentivised studies to 

determine to what extent this finding replicates.   

In Chapter 5, I tested whether health misinformation combining several deceptive 

tactics would increase both participants’ willingness-to-pay for a spurious COVID-19 remedy 

and their propensity to promote misinformation online. The misinformation-promotion 

measure was a novel addition to my thesis and, to the best of my knowledge, to research on 

combating misinformation. This measure provides a tool to assess what interventions 

effectively reduce the spread of misinformation, which is particularly important given that we 

have entered what the World Health Organisation has termed an infodemic of online health 

misinformation (Zarocostas, 2020). Using this novel measure, I compared the impact of two 

interventions to counteract the effects of the misinformation, viz. a typical tentative refutation 
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used by most health authorities and an enhanced refutation based on best-practice 

psychological insights.  

I found exposure to health misinformation increased the proportion of people 

promoting misinformation (by 18%) compared to control. Relative to the misinformation 

condition, I found the tentative and enhanced interventions reduced demand for the spurious 

remedy (by 18% and 25%, respectively) and discouraged misinformation promotion (by 29% 

and 55%, respectively). Importantly, the enhanced refutation was significantly more effective 

at discouraging misinformation promotion. The results highlight the need for debunking 

interventions to follow current best-practice guidelines.  

In Chapter 6, I stepped outside of the taxonomy and took a broader approach to 

investigate “what works” to reduce consumer demand for harmful products (e.g., tobacco, 

alcohol, illicit drugs). By collating key findings from 41 systematic reviews, I found that 

(i) mass-media campaigns and incentive programs were, on average, ineffective; 

(ii) advertising bans, social marketing, and location bans were promising but there was 

insufficient robust evidence to draw firm conclusions; and (iii) the evidence for the 

effectiveness of risk warnings and appeals to norms was strongest, with some caveats. The 

empirical evidence collated in this meta-review thus supported a major premise of this thesis: 

interventions will be more effective if they not only consider the external structural barriers 

(e.g., affordability, accessibility, or legality) but also the internal psychological barriers (e.g., 

irrational associations or misperceived social norms) that prevent people from engaging in 

the desired behaviour (e.g., not consuming a harmful remedy). In other words, one reason 

why awareness-raising campaigns tend to be ineffective is that they fail to target the internal 

barriers preventing people from engaging in the desired behaviour. Conversely, this explains 

why the more targeted approaches of fear appeals and norm appeals have been found to be 
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more effective, specifically, because they help consumers overcome specific barriers relating 

to misperceptions about the health risks and social acceptability of a behaviour, respectively.   

8.3 Practical Implications 

Most of the papers in this thesis, Chapters 2-5, have outlined how the demand for 

alternative health remedies impacts individuals, such as via side effects, product adulteration, 

and opportunity costs. However, my research was motivated by the need to reduce demand 

for a particularly destructive subset of alternative health remedies, namely those made from 

the body parts of overexploited wildlife. To understand the need to develop effective 

solutions to this problem, in Chapters 6 and 7, the thesis also highlighted how demand for 

overexploited wildlife products harms the environment (e.g., contributes to biodiversity 

decline, food-web collapse, and the spread of wildlife diseases) and global public health (e.g., 

through the risk of zoonotic disease transmission). As such, this thesis has broad implications 

for addressing a host of societal problems. Specifically, I have demonstrated how adopting 

just a few psychologically-informed elements into behaviour-change communications can 

reduce consumer demand by some 50%. Moreover, I have shown how psychological insights 

can be used to counter the spread of misinformation by empowering people to identify 

deception. 

The findings in this thesis have echoed similar work on combatting misinformation 

and designing successful behaviour-change campaigns (Christiano & Neimand, 2017; Cook 

et al., 2015; Rossen et al., 2016). To effectively combat misinformation, we need to do more 

than simply give people the facts. We need to design debunking materials using insights from 

psychology that factor in how people process and update information. Similarly, to change 

consumer behaviour, we need to do more than simply raise awareness. We need to help 

people overcome the internal barriers preventing them from changing to the desired 

behaviour.   
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8.3 Thesis limitations 

This thesis has presented a picture of how demand for health remedies may be 

influenced through an understanding of psychological phenomena and the subsequent 

application of psychologically-informed interventions. I showed how helping people 

overcome their cognitive roadblocks can lead them to make more informed and desirable 

consumer choices. However, while this approach yielded compelling results in controlled 

experimental settings, it was beyond the scope of this thesis to implement and evaluate those 

strategies in more naturalistic consumer environments (e.g., online shopping or health stores). 

Similarly, while the motivation for this thesis has been to influence consumers of wildlife 

products, recruiting such elusive consumers was beyond the modest aims and limited 

resources of the present thesis project. Instead, my aim was to develop an overarching 

theoretical framework and then, relying on convenience samples of participants and 

commonly used ineffective health remedies, pilot test both the behavioural measures and the 

interventions. The next step is for future researchers to replicate these learnings with target 

audiences and evaluate whether the interventions hold their effectiveness. Such a cautious 

and staged approach to building an evidence base of behavioural interventions was recently 

advocated for by experimental psychologists (Ijzerman et al., 2020).  

Despite this limitation, several factors signal that the observed effects will prove 

robust. First, both Chapters 3 and 4 included two experiments which yielded similar results 

across two different countries and consumer groups, namely online workers from across the 

United States and undergraduate psychology students at the University of Western 

Australia—although I recognise that these groups are certainly not representative of global 

diversity (Henrich et al., 2010). Second, the interventions were based on several general 

principles of human cognition that are arguably grounded in evolutionary foundations, 

meaning they hinge on psychological processes (e.g., causal reasoning, affective associations, 
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motivated reasoning) that are evolutionarily adaptive (i.e., they provide benefits towards 

maximising survival, cooperation, reproduction, etc.) and are, therefore, likely to be operating 

across cultures (Axelrod, 1986; Foster & Kokko, 2009; Griskevicius & Kenrick, 2013; 

Schwardmann & van der Weele, 2019). Of course, while such speculation is plausible, the 

matter will ultimately need to be settled with robust testing in various cultural settings and for 

different products.   

8.4 Concluding remarks 

Humans have always relied on personal judgement and experience to intuit what 

makes us sick and what makes us better. It was not until the advent of modern science, and 

evidence-based medicine, that we have begun to overcome our cognitive limitations, which 

has enabled us to make dramatic leaps in discovering what actually works to restore and 

improve our health. Despite the unparalleled success of modern medicine, there will always 

be self-deception and people able to profit from fraudulent claims about miracle health 

remedies (Widder & Anderson, 2015). Indeed, during the course of this thesis, the COVID-

19 pandemic and a truly unorthodox and anti-science US President, have combined to 

turbocharge the impact and spread of health misinformation (Blake, 2020). As more 

communities succumb to health misinformation, many of the remarkable public health gains 

(e.g., high vaccination rates) of the twentieth century will increasingly come under threat. But 

it does not have to proceed this way. Just as science put bloodletting, phrenology, and steam 

baths of elemental mercury to rest (Kang & Pedersen, 2017), science has also demonstrated 

the general ineffectiveness of campaigns relying solely on raising awareness or increasing 

knowledge (Christiano & Neimand, 2017). We are all in the midst of an infodemic of health 

misinformation, and there is far more at stake than our own personal health. To conserve our 

wildlife, to reduce the risk of future pandemics, and to protect ourselves from being deceived, 

we need a strategic and scientific approach to adaptively learning how to protect ourselves 
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from fraudsters and from our own cognitive limitations. This thesis has shown how insights 

from psychology can be harnessed to deliver effective intervention messaging. I hope it helps 

to push us in the right direction. 
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SUPPLEMENTAL MATERIAL: PSYCHOLOGY OF FRUDULENT HEALTH CLAIMS    1 

Supplemental Material for ‘Protecting Consumers from Fraudulent Health Claims: A 

Taxonomy of Psychological Drivers, Interventions, Barriers, and Treatments’ 

1. Targeting the Internal Barriers Impairing Intervention Effectiveness 

The present review aims to facilitate the design of evidence-based interventions that 

make consumers less susceptible to fraudulent health claims. Consistent with other theorists 

(Hornik, Cherian, Madansky, & Narayana, 1995; McKenzie-Mohr & Schultz, 2014), we 

believe that in order to modify consumer behaviour, interventions must target both the 

external and internal barriers to the desired behaviour. For example, the success of a 

campaign to increase household recycling will be limited by external barriers such as access 

to recycling facilities, cost of services, and convenience to householders. However, even 

when such external barriers are low, the success of an intervention may be limited by internal 

barriers such as a lack of knowledge on what materials can be recycled or a lack of 

motivation to participate in recycling programs (Hornik et al., 1995). 

The impact of internal barriers on behaviour can be counter-intuitive. Accordingly, 

behaviour change campaigns grounded in intuition and introspection can be prone to 

unanticipated adverse outcomes. We argue that the best means of overcoming internal 

barriers is to base campaigns on robust evidence from psychological research. A common 

approach to informing the design of interventions has been to provide summarized, but 

unstructured, lists of potential behaviour change techniques. However, the reliance on such 

“tool-boxes” of interventions encourages practitioners to adopt a trial-and-error approach, 

which contributes to wasted time and costs, whilst amplifying the risk that interventions may 

foster unexpected adverse outcomes. Thus, a key deficiency with the application of behaviour 

change techniques is that most methodologies provide little guidance on a critical step—how 

to choose between the many prospective psychologically-grounded behavioural interventions 
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to address a given problem. The goal of the present paper, and specifically the VANMaN1 

taxonomy presented within, is to provide this specific guidance within the focal context of 

reducing consumer susceptibility to health fraud. 

 

2. A Detailed Step-by-Step Guide to Intervention Design 

Effective intervention design requires an understanding of the psychological drivers 

underlying the allure of a particular health remedy, framed through the broader context of 

human cognition. To facilitate this task, we provide a step-by-step framework for applying 

psychologically informed interventions in our paper (Figure 1). The five steps of this 

framework are (1) identify the specific consumer motivations (i.e., the explicit rationale for 

consuming a remedy) of a target population for a given remedy, through qualitative methods 

such as surveys, observations, and literature reviews; (2) identify the underlying 

psychological drivers of the demand for that health remedy, which will suggest a likely 

intervention; (3) consider the psychological barriers that can be exploited by fraudsters to 

increase consumers susceptibility to fraudulent health claims and design specific measures—

which we refer to as treatments—to help overcome them; (4) test and compare treatments in 

a randomised control trial, using actual consumer behaviour as measure of success; and (5) 

implement and evaluate, prioritising interventions with best-evidence and greatest potential 

impact. Steps two and three contain the more challenging part of this process, namely the 

intervention design. To simplify this task, the taxonomy presented in our paper (see Table 1) 

is dedicated to guiding users to navigate these two steps. Step two relates to the taxonomy’s 

 
 

1 The acronym VANMaN aptly evokes the white van speaker scam, where fraudsters deceive 

consumers (by exploiting several psychological barriers) into believing they are getting an exceptional 

deal on quality entertainment products, which appear stolen but are actually cheap imitations (Wilson, 

2014).  
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columns (i) and (ii)—(i) identify the underlying psychological drivers exploited by fraudsters 

to manipulate consumers into buying fraudulent health remedies (ii) link the drivers to 

corresponding interventions. Step three relates to the taxonomy’s columns (iii) and (iv)—(iii) 

identify the psychological barriers that may prevent successful application of interventions, 

and (iv) consider applying one or more of the corresponding treatments to overcome those 

barriers. A fifth column (v) provides a variety of examples of real-world treatments that either 

have been, or could be, applied to specific interventions to overcome the corresponding 

psychological barriers. Steps four and five are considered less challenging because methods 

and guidelines for conducting randomized trials are already well-established (Boutron, et al., 

2008). 

Although our taxonomy separates underlying drivers into five distinct categories, for 

any single health-related consumer behaviour, several or all of the drivers may be present. To 

illustrate how multiple drivers may underlie the demand for a single product, it is 

illuminating to consider the perspective of someone who is intentionally trying to deceive 

consumers. For example, marketing claims such as “100% all-natural treatment” tap into 

people’s intuitive, but misleading, affective associations that said product is likely to be risk 

free. This claim, in turn, increases the perception that the product is also effective via the 

inverse relationship between perceived risks and benefits. Table S1 provides this perspective 

based on research from criminology on the psychological mechanisms of health fraud 

(Fischer, Lea, and Evans, 2013; Lea, Fischer, and Evans, 2009). 

 

3. Testing the Predictions of the Taxonomy 

It should be clear that the present framework assumes that consumer demand for 

fraudulent health remedies is the target for all interventions. This assumption is crucial for 

steps three and four because it provides a clear means for falsifying the prediction made via 
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the taxonomy. Specifically, to test whether the treatments contained in our taxonomy reduce 

demand for fraudulent health remedies, randomised controlled trials must demonstrate a 

significant reduction in an objective measure of consumer behaviour, such as financial sales 

figures, the quantity of remedies purchased, or objective measurements of willingness-to-pay. 

(Anonymous, 2018). 

 

4. Additional Considerations Concerning Magical and Conspiratorial Thinking 

As noted in the main text, our taxonomy is not exhaustive, as more research is likely 

to be relevant to countering health fraud than could be succinctly covered in a single review. 

To help in somewhat addressing this limitation, we now provide further elaboration of several 

aspects of the research. 

 

4.1 Irrational Affective Associations and Magical Thinking  

Our review outlines some ways that people employ affective associations to guide 

their decision-making process. In this section, we consider some of the underlying process 

that appear to shape affective associations, which have been studies under the umbrella term 

“magical thinking” (Oliver & Wood, 2018). In many contexts, people intuitively presume that 

magical forces are operating to bring about either positive (e.g., bringing health, luck, or 

purity) or negative (e.g., causing disease, bad luck, or impurity) outcomes (Huang et al., 

2017). The term “magical thinking” refers to the cognitive processes involved in making 

causal attributions to unobservable forces, in ways that contradict explanations based on 

observable phenomena (Oliver & Wood, 2018). Although aspects of magical thinking were 

initially described by anthropologists to account for beliefs amongst traditional cultures 

(Frazer, 1959), later research showed that magical thinking operates across modern societies 
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(Rozin et al., 1986). More recently, researchers have begun to quantify the extent to which 

magical thinking may be driving contemporary health behaviours.  

In two national surveys, Oliver and Wood (2018) measured people’s reliance on 

magical thinking across a continuum ranging from “rationalist”—those who tend towards 

making decisions on the basis of reason and evidence—at the lower end to “intuitionist”—

those who tend to rely more on expedient generalisation and feelings—at the upper end. 

People were assessed based on their tendency to rely on oversimplified heuristics (e.g., 

magical contagion and the representativeness heuristic; see later). They found that compared 

to rationalists, intuitionists were more likely to hold some antiscientific health beliefs such as: 

vaccines cause autism, genetically modified foods should be banned, and alternative remedies 

are superior to conventional medicine. However, intuitionists were also more likely to engage 

in scientifically validated behaviours that were preventative (and presumably more intuitive), 

such as using sunscreen and getting a flu vaccine. Oliver and Wood’s findings suggest that a 

promising treatment to counter problematic magical thinking may be to convey scientific 

findings in ways that align with people’s intuitions about the way the world works. Two 

additional key attributes of magical thinking are representativeness and contagion.   

The representativeness heuristic—the notion that things which resemble each other 

share fundamental properties—can help us to make decisions under uncertainty (e.g., if it 

smells good it’s probably okay to eat). Examples of representativeness contributing 

problematic magical thinking include when people intuitively believe that “natural” products 

are superior (since “nature” is good), vitamin supplements are beneficial (since vitamins are 

important), or products containing chemicals are bad (since chemicals can be harmful).  As 
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each heuristic contains a portion of truth, they can make fraudulent health claims feel 

intuitively accurate.2  

The concept of magical contagion—beliefs about objects transferring “essences” 

(e.g., luck, morality, intention, characteristics etc.) through contact—has several implications 

for understanding consumer health behaviours. Contagion beliefs are thought to be a 

conceptual analogue to, and likely derived from, an understanding of how pathogenetic and 

parasitic agents infect the body through contact (Rozin & Nemeroff, 1990). Contagion beliefs 

can therefore facilitate adaptive responses to disease avoidance by mediating people’s 

behavioural responses through emotions such as disgust, forming what researchers have 

termed the “behavioural immune system” (Schaller & Park, 2011). However, features of this 

system can also make consumers prone to fraudulent health claims, especially when blended 

with representativeness. For example, the folk-saying, “you are what you eat” belies a 

common (but wholly unsupported) intuition about biological processes. Namely, that eating 

something (e.g., an animal) can transfer intangible characteristics (e.g., speed, irritability, 

power etc) to the consumer (Nemeroff & Rozin, 1989). Such simple intuitions about 

biological processes are likely responsible for beliefs in many alternative remedies (e.g., 

traditional remedies containing body parts of wildlife species; Byard, 2016).  

Research on magical thinking reveals that aspects of consumer health decisions can be 

influenced by affective associations mediated through simple intuitions about how biology 

operates. To address consumer susceptibility to fraudulent health claims, we need, therefore, 

 
 

2 A more convoluted example of the representative heuristic is homeopathy, which is based 
on the claim that a substance causing symptoms of a disease in a healthy person can, in very small 
doses, cure the disease in a sick person (e.g., believing that a rash can be cured by ingesting small 
doses of poison ivy). This claim violates the basic laws of chemistry, has no plausible biological 
mechanisms, and has not been shown to be effective for any health conditions (Ernst, 2010; NHMRC, 
2015). Yet, the intuitive appeal of the representative heuristic (i.e., that the cause shares fundamental 
properties with the cure) is such that, despite contradicting all observable evidence, some 34% of 
Europeans have been reported to believe in homeopathy (European Commission, 2005).  
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to understand the frameworks that govern such intuitions, the situations where they are most 

likely to operate, and the extent to which they are driving consumer health behaviours. In 

many cases, people may not be aware that their intuitive responses rely on aspects of magical 

thinking, at least until they are asked to reflect on their behaviours. Indeed, Nemeroff and 

Rozin (1989) suggested that alongside our “rational” mental processes, we may also 

unknowingly be processing information intuitively. Subsequently, one potential treatment for 

countering problematic magical thinking may be to ask consumers to reflect on how they 

arrived at their intuitive beliefs about certain products.  
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Table S1. 
Exam

ples of Fraudulent H
ealth C

laim
s and their C

orresponding U
nderlying Effect on Various Psychological Barriers 

Exam
ple fraudulent health claim

 
Psychological driver(s)  

 

U
nderlying intent of claim

 
Psychological barrier(s) 

“Pill w
ill help you lose up to 20kg in 5 

w
eeks!” 

V
isceral influence 

 

Focusing the consum
er’s attention on the potential benefits by 

offering a disproportionately large gain. 

Illusion of attention  

(cognitive im
pairm

ent) 

“O
besity is a killer.” 

V
isceral influence;  

A
ffect 

Focusing the consum
er’s attention on the need to m

inim
ise 

the risk of m
ortality. 

Illusion of attention  

(cognitive im
pairm

ent); 

N
egative affect 

“Free online diagnosis.” 
V

isceral influence 

 

Increasing pressure on the consum
er to spend, by initiating 

the unspoken norm
 to reciprocate social favours. 

M
otivational influences 

“C
learance sale ends soon. Lim

ited stock 

w
on't last long.” 

V
isceral influence 

 

C
reating urgency and scarcity to increase im

pulsive 

consum
ing. 

M
otivational influences 

“100%
 all-natural treatm

ent.” 
A

ffect 
Tapping into m

isleading affective associations, (i.e., “all-

natural” equates to “risk free”) w
hich drives the perception of 

effectiveness via the inverse relationship betw
een perceived 

risks and benefits. 

Positive affect 

“So good big pharm
a doesn't w

ant the public 

to know
, they'd lose billions!” 

A
ffect;  

M
isinform

ation 

Isolate consum
er from

 conventional m
edicine draw

ing on fear 

of large pharm
aceutical com

panies.  

N
egative affect;  

M
otivated reasoning 

“W
orks for 9 out of 10 people!” 

N
escience 

Inducing an illusion of causality in consum
ers by reporting 

the effectiveness of the product being advocated, but failing to 

report the effectiveness of an appropriate com
parative 

placebo. 

Illusion of causality 
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“Television’s D
r O

z says that green coffee is 

a “m
iracle” cure for obesity.” 

N
escience;  

V
isceral influence 

The high confidence of the advocate in an unfounded health 

rem
edy fosters a false belief in the advocate’s expertise and 

know
ledge. 

Illusion of confidence;  

Illusion of attention 

“B
rain im

aging show
s how

 the treatm
ent 

boosts synaptic processing and brain 

plasticity.” 

N
escience 

Providing irrelevant reductive inform
ation increases a false 

sense of deeper know
ledge by increasing fam

iliarity. 

Illusion of know
ledge 

“K
ick-starts your body's im

m
une system

 and 

natural defence m
echanism

s, so they burn fat 

m
ore efficiently and strengthen your m

uscle 

tissues.” 

M
isinform

ation;  

N
escience 

B
uilding a plausible sounding backstory, by adopting real 

scientific term
s and applying them

 to an oversim
plified 

analogy. 

C
ontinued influence 

effect;  

Illusion of know
ledge 

“Free from
 genetically m

odified organism
s 

(G
M

O
s).” 

M
isinform

ation;  

A
ffect 

Tapping into issues that are socially polarising and associated 

w
ith a person’s self-identity (despite being contrary to 

scientific consilience).  

M
otivated reasoning;  

N
egative affect 

“U
sed by professional athletes w

hen they 

need to shed w
eight quickly.” 

N
orm

s 
C

onvincing the consum
er using peers as social proof. 

Perceived norm
 (status) 

“A
ncient traditional secret to w

eight loss.” 
N

orm
s;  

M
isinform

ation 

B
uilding a backstory that appeals to a person's respect for 

traditional or perceived “longstanding” health practices. 

Perceived norm
 

(tradition);  

M
otivated reasoning 

“Y
ou ow

e it to your fam
ily to try this!” 

N
orm

s 
Forcing the consum

er to m
ake the m

oral decision to respond 

out of m
oral duty to their fam

ily. 

Perceived norm
 (duty) 

N
ote. M

ost health scam
s rely on a com

bination of fraudulent health claim
s, w

hich m
ay a cum

ulative effect on a consum
er’s capacity to identify that the 

product is a scam
. See m

ain text for further details  
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Supplementary Material for ‘Reducing Demand for Ineffective Health 

Remedies: Overcoming the Illusion of Causality’ 

Objective: This supplementary document reports the results of a pilot study 

conducted prior to the main study. The primary aim of the pilot study was to 

assess the convergent validity of the auction mechanism and four predictors of 

participants’ willingness to pay for multivitamins: estimated usage, efficacy 

belief, general-attitudes, and irrational health beliefs. A secondary aim was to 

assess the internal consistency and structure of an attitudinal scale designed to 

measure participants’ pre-existing general attitudes to health supplements. 

Another secondary aim was to establish a baseline with regards to what factors 

people perceive to be important when making decisions about health purchases.  

Design: The pilot study was conducted online with US participants (N = 194) 

recruited via Amazon’s Mechanical Turk. The same measures and procedure 

used in the main study were used in the pilot study, with a few exceptions. First, 

participants were not subject to any interventions in the pilot study. Second, the 

pilot study measured people’s hypothetical willingness to pay (WTP) for the 

effervescent multivitamin product using the same auction mechanism employed 

for the first auction in the main study.  

Results: We obtained convergent evidence that the auction mechanism indexes 

consumer demand for multivitamin supplements via positive correlations 

between hypothetical WTP and estimated usage, efficacy belief, and general 

attitudes. Second, we found strong evidence that individuals are vulnerable to the 

illusion of causality and place relatively little value on clinical information when 

making health purchases.  

Conclusion: The pilot study confirmed that our survey instruments were suitable 

for answering the research question addressed in the main study.  

 

Keywords: causality; consumer behaviour; intervention; health communication; 

health behaviour; health education;  
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Pilot study 

Prior to conducting the main study, a pilot study was conducted online with US 

participants recruited via Amazon’s Mechanical Turk. The study was launched and 

completed on the 23rd of February 2017. Participants in this study were not subjected to 

any interventions. Instead, the primary aim was to assess the convergent validity of the 

auction mechanism and four predictors of participants’ hypothetical willingness to pay 

for multivitamins: estimated usage, efficacy belief, general-attitudes, and irrational 

health beliefs. A secondary aim was to assess the internal consistency and structure of 

the general attitudes scale developed to measure participants’ pre-existing general 

attitudes to health supplements. Another secondary aim of the pilot study was to 

establish a baseline with regards to what factors people perceive to be important when 

making decisions about health purchases.  

The pilot study was the same as the main study, with the following exceptions. 

First, whereas the main study used two incentivized auctions in which participants could 

win real health products by bidding with real money, the pilot study used a hypothetical 

version of the first auction reported in the main study.  Second, the pilot study included 

an additional measurement scale, namely the Irrational Health Belief Scale 

(Christensen, Moran, & Wiebe, 1999), which purportedly measures the degree to which 

individuals hold irrational beliefs about health products. Third, the main study included 

an additional predictor, namely participants’ current health (participants were asked to 

indicate their current health on a 4-point scale; 1 = fine, healthy; 4 = sick, exhausted) 

that was not used in the pilot study. 

Design 

Ethics approval to conduct the study was granted by the Human Ethics Office of the 

University of Western Australia in accordance with the requirements of the Australian 
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National Statement on Ethical Conduct in Human Research (NHRMC, 2007).  

Participants 

In total, 201 participants responded to the survey. Several a-priori exclusion criteria 

were used (details are provided in the results section). Based on these criteria, seven 

participants were removed for careless responding. The final sample thus included N = 

194 participants (81 females, 113 males; age M = 36.71 years; SD = 10.97). The number 

of participants was pre-determined based on the recommended numbers for score 

validation methods such as a principal components analysis (Field, Miles, & Field, 

2012). Pay was determined at a rate of USD$7.40/hour pro rata, above US federal 

minimum wage, which has been suggested as appropriate to attract ‘normal’ workers 

(Rouse, 2015). 

A pre-exclusion criteria was also set prior to recruitment that required 

participants to have (i) a completion number of at least 5,000 ‘Human Intelligence 

Tasks’ on Mechanical Turk, and (ii) an approval rate of greater than 97%. These 

qualifications are recommended to ensure quality responses from Mechanical Turk 

workers (Peer, Vosgerau, & Acquisti, 2014). 

Materials 

Predictors 1 and 2: Multivitamin consumption  

Participants were asked whether they had taken multivitamins in the past, and if so, to 

then provide an estimated previous usage frequency on an eight-point scale (1 = not in 

the past few years, 8 = every day). Participants then rated their efficacy belief, that is, 

their belief in the effectiveness of the routine consumption of multivitamins for 

maintaining general health, on a 5-point scale (1 = not effective at all, 5 = extremely 

effective; a sixth point was included in the scale so that participants could respond ‘I 

don’t know’).   
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Predictor 3: General attitudes toward health supplements and alternative medicines 

General attitudes toward health supplements and alternative medicines were assessed 

using an 18-item scale (see Table 1). Each item consisted of a statement that was based 

on a literature review of the motivations shown to influence the consumption of 

alternative health products (e.g., ‘Vitamins are natural and supplements are therefore 

safe’). Participants were asked to rate how much they agreed with each statement using 

a 5-point Likert scale (1 = strongly disagree, 5 = strongly agree). A composite score 

was calculated for each participant that indicated their general attitudes to health 

supplements and alternative medicines (hereafter referred to as the ‘general-attitude 

score’). To measure response consistency, each item was paired with a reverse-phrased 

statement of similar meaning (i.e., 9 pairs of items). The order of items in the general-

attitude survey was randomized to control for order effects. 

Predictor 4: Irrational health belief scale 

The irrational health belief scale is a 20-item survey designed to assess individual 

differences in the tendency to engage in health-related cognitive distortions 

(Christensen et al., 1999). Each survey item describes a health situation and a 

corresponding thought response (e.g. ‘You have been taking a medication for six 

months and your medical problem has not improved. Your doctor has suggested a new 

drug. You think to yourself, “If the last medication didn’t help, a new one won’t do any 

good.”’). Participants are asked to imagine that the situation applies to them and then 

indicate how similar the thought is to their own thought pattern in that situation using a 

5-point scale (1 = not at all like I would think, 5 = almost exactly like I would think). 

The order of items in the irrational health belief scale was randomized to control for 

order effects. Collecting responses to both the irrational health belief scale and the 

general-attitude survey provided means for assessing each scale’s construct validity. 
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Willingness-to-pay (WTP)  

To assess WTP, data was collected using a hypothetical version of the Becker-Degroot-

Marschak (BDM) auction mechanism (Becker, Degroot, & Marschak, 1964; Thrasher, 

Rousu, Hammond, Navarro, & Corrigan, 2011). Participants were asked to imagine they 

had been given $5 with which to place a bid on a tube of effervescent multivitamin 

tablets. They were shown a plain-packaged picture of the product and provided with 

some descriptive text about multivitamins, including some common health claims and a 

popular pseudo-scientific causal explanation as to why supplements are thought to 

provide health benefits. The exact text was: 

‘Vitamins and minerals are micro-nutrients. They are, in small amounts, essential for 

health. The lack of a specific micro-nutrient may cause or predispose someone to 

disease. Micro-nutrient supplements are widely available; they are usually referred to as 

“multivitamins.” The health benefits of multivitamins have been claimed to include a 

reduction in cardiovascular disease and cancer, as well as an improvement in cognitive 

function. Such benefits are commonly explained by stating that multivitamin 

supplements boost the body’s natural immune system.’ 

Participants were asked to bid only the amount that would reflect how much they would 

be willing to pay for that product. Participants were told that this was different to other 

auctions in that they could only bid once, and that it was in their best interest to only bid 

the amount they were willing to pay. Participants were required to enter their bid 

amount b in cents b ∈ (0, 500). They knew that this amount would be compared against 

a random number r ∈ (0, 500) drawn from a uniform distribution, and that if b ≥ r then 

they would win the auction and hypothetically purchase the product for amount b but 

keep 500 – b of their imagined endowment; otherwise if b < r then they would lose the 

auction but hypothetically keep the full $5 endowment. The decision for participants to 

pay the bid price, as opposed to the random price, which is the standard BDM model, 
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was based on previous laboratory experience that participants find paying the random 

price confusing. We suggest the approach taken in the present paper is more intuitive as 

it reflects the more familiar and real-world format adopted by online auction websites, 

whereby consumers pay the bid amount once the reserve has been exceeded.  

Participants knew that the auction and endowment were hypothetical and that they 

would not receive any money, nor the multivitamin product on which they were 

bidding, if their bid was successful. Prior to the main auction, participants were given 

the chance to participate in two practice auctions using a hypothetical $1 endowment to 

bid on a bottle of water.  

Fictitious efficacy rating  

This measure introduced participants to a fictional nausea drug ‘Product Z.’ To create 

an illusion of causality, participants were only given a half-contingency table, which 

showed that 4 out of 5 people experienced a health benefit from taking Product Z. 

Participants were asked to rate the effectiveness of Product Z as either not effective, 

mildly effective, very effective, or to indicate there was insufficient information to make 

a determination of effectiveness. This question was designed to produce an estimate of 

the proportion of people that fall prey to the illusion of causality, as indexed by the 

proportion of individuals who failed to identify there was insufficient information to 

determine causality. 

Factors influencing future health purchases 

To establish a baseline of the factors that people perceived as important when making 

future health-related purchases, participants were asked to rate the importance of 15 

health-related factors using a 5-point Likert scale (1= not important at all, 5 = extremely 

important).  For the purposes of this pilot study, only three items were considered of 

interest. The most critical item was placebo comparison (‘the number of people who 
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did, and did not, experience a benefit when taking a sugar pill’). Placebo comparison 

information is critical for making rational health purchases, because it is necessary for 

assessing the efficacy of a remedy compared to taking a placebo. The other two items of 

interest were product comparison (‘the number of people who did, and did not, 

experience a benefit after taking a product’), and ‘known side effects.’ We reasoned that 

both product comparison and known side effects would be important to people, and thus 

would provide a suitable baseline from which to compare participants ratings of placebo 

comparison information. The remaining 12 items were distractor items (e.g., importance 

of ‘advertising claims’); item order was randomized. 

Procedure 

Participants were recruited via a survey link provided through Mechanical Turk. At the 

start of the survey, participants were provided with an information form and provided 

informed consent. They then responded to questions on demographics, multivitamin 

consumption, and the general-attitude scale. Next, participants were shown the 

multivitamin product and asked to indicate their WTP for it via the hypothetical BDM 

auction. Participants then responded to the fictional product question and the questions 

regarding their future health purchases. Finally, they completed the irrational health 

belief scale. 

Objectives 

We made three predictions. Hypothesis I. Higher estimated usage, efficacy belief, and 

general-attitude scores would be associated with higher WTP for multivitamins. 

Hypothesis II. Higher irrational health belief scale scores would be associated with 

higher WTP for multivitamins. Hypothesis III. Most participants would not recognize 

the value of clinical trial information when making future health purchases. 

Specifically, most people would (1) fail to recognize that there was insufficient 
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information to assess the efficacy of the fictional product, and (2) the placebo-

comparison factor would be rated as less important than the product-comparison or 

side-effects factors.  

Data analysis  

Most analyses were conducted in R (R Core Team, version 3.3.2) with the exception of 

the Principal Components Analysis, which was conducted in SPSS (IBM Corp, version 

22). To assess the internal structure of the general-attitude survey, a principal 

components analysis was conducted on the 18-items with oblique rotation (direct 

oblimin). Sampling adequacy for the analysis was verified by the Kaiser-Meyer-Olkin 

(KMO) measure. Bartlett’s test of sphericity was used to assess whether correlations 

between items were sufficiently large for a principal components analysis. An initial 

analysis was run to determine how many components to extract with the principal 

components analysis. To establish internal consistency reliability, we computed 

Cronbach’s alpha. 

To assess whether estimated usage predicted WTP, we excluded participants 

who indicated they had never taken multivitamins before (since they were not asked to 

estimate their usage). To assess whether efficacy belief predicted WTP, we excluded 

participants who answered, ‘I do not know.’ Associations between WTP and each of the 

four potential predictors: estimated usage, efficacy belief, general-attitude score, and 

irrational health belief scale were analysed using Spearman’s correlation coefficient 

(Hypotheses 1 and 2). To test whether participants showed an overall preference for 

certain responses on the effectiveness of the fictional product, we performed a 

multinomial goodness-of-fit test to assess whether the response counts differed from 

chance. Planned comparisons were conducted using binomial tests with sequential 

Bonferroni adjustment. To test whether participants’ ratings of the importance of the 
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three factors for future health purchases (product comparison, placebo comparison, and 

side effects) were significantly different, a Friedman’s ANOVA was conducted. 

Planned comparisons were then conducted using Wilcoxon sign-ranked tests with 

sequential Bonferroni adjustment.  

Results 

Exclusion criteria 

A-priori criteria were applied to identify careless responders based on recommendations 

from the literature (Lowry, D’Arcy, Hammer, & Moody, 2016; Oppenheimer, Meyvis, 

& Davidenko, 2009). Participants were excluded who (i) gave non-differentiated 

answers to every question in a survey block (Barge & Gehlbach, 2011; Hamby & 

Taylor, 2016); (ii) failed an attention-trap question (Lowry et al., 2016); (iii) completed 

a survey block in less than the allocated minimum reading time (i.e., > 600 words per 

minute; Carver, 1985); and (iv) whose responses were, on average, overly inconsistent 

between pairs of equivalent questions (i.e., an odd/even threshold of > 2 Likert points 

apart; Curran, 2016). The exclusion criteria, and subsequent data analysis, were applied 

separately to the three sections of the experiment: (i) the general-attitude scale (n = 7), 

(ii) questions about future health purchases (n = 9), and (iii) the irrational health belief 

scale (n = 42). Exclusion criteria were applied separately because each section varied in 

cognitive demand, which is known to increase careless responding (Krosnick, 1991). 

Further, as the irrational health belief scale was the longest and most demanding 

section, it was deliberately placed at the end of the study to reduce careless responding 

in the other sections. The same exclusion criteria were adopted in our main study with 

one exception. Specifically, we removed the attention-trap questions from our a-priori 

exclusion criteria following research suggesting that such items can increase socially 

desirable responding (Clifford & Jerit, 2015).  
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Internal consistency and structure of general-attitude scale 

Reverse-phrased items were reverse coded for analysis, so that higher total general-

attitude scores indicated more favourable attitudes toward health supplements. For the 

principal components analysis, sampling adequacy was verified, KMO = .885 

(Hutcheson & & Sofroniou, 1999), and all KMO values for individual items were > .8, 

which is above the acceptable limit of .5 (Field et al., 2012). Correlations were found to 

be sufficiently large for a principal components analysis, χ² (153) = 1766.68, p < .001. 

Five components had eigenvalues over Kaiser’s criterion of 1 and in combination 

explained 68.4% of the variance. The scree plot showed two points of inflexion, after 

components one and five, suggesting that either one or five components may be 

appropriate (Field et al., 2012) . Table 1 shows the component loadings after rotation. 

The items that cluster on the same components suggest that component 1 represents a 

general health factor, component 2 relates to safety, component 3 to supplements, 

component 4 to alternative medicine, and component 5 to nutrition. The general-attitude 

survey was found to be associated with a high level of internal consistency, Cronbach’s 

α = .91. 

Predictors of willingness to pay 

Figures 1, 2, and 3 show WTP as predicted by the three predictor measures of estimated 

usage of multivitamins, efficacy belief, and general-attitude score, respectively. 

Correlations between the predictors of interest and WTP provided statistical 

confirmation of Hypothesis I. Specifically, WTP was positively associated with 

estimated usage of multivitamins, N = 170, rs = .25, p < .001, efficacy belief, N = 185, rs 

= .31, p < .001, and general-attitude scores, N = 194, rs = .42, p < .001. However, we 
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did not find support for Hypothesis II as irrational health belief scale scores were not 

significantly associated with WTP, N = 159, rs = .10, p = .21.1  

Future health purchases 

Figure 4 shows participants’ responses to the fictional product question. These 

responses were found to be significantly different to the pattern expected by chance, 

N = 194, p < .001. Post-hoc tests revealed that all four response frequencies were 

significantly different from the expected value of 48.5 (N/4): ‘Very effective’ was 

higher than the expected value p < .001; ‘Insufficient evidence’ was lower, p < .001; 

‘Not effective’ was lower, p < .001; and ‘Mildly effective’ was lower, p < .05. The 

results showed that the majority of people succumbed to the illusion of causality, since 

the majority (69%) responded that the product was very effective and only a minority 

(12 %) correctly identified that there was insufficient information to determine efficacy. 

Figure 5 shows results of participants’ ratings of factors that may influence 

future health purchases. The results provided statistical confirmation of Hypothesis III. 

Specifically, we found that participants’ ratings of the importance of the three items of 

interest (product comparison, placebo comparison, and side effects) to be significantly 

different, N = 194, χ² (2) = 116.3, p < .001. As expected, placebo comparison (Mdn = 3, 

‘Moderately Important’) was rated significantly less important than product comparison 

(Mdn = 4, ‘Very Important’), p < .001, r = -.43, or side effects (Mdn = 5, ‘Extremely 

Important’), p < .001, r = -.65. Finally, product comparison was rated significantly less 

important than side effects, p < .001, r = -.46.  

                                                 

1 All analyses were also conducted with careless responders retained. These results showed that 

the exclusion criteria made a negligible difference to the results. 
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Discussion 

The pilot study employed a variation of the BDM auction mechanism in a hypothetical 

scenario to examine the relationship between people’s WTP for multivitamins and their 

(i) estimated usage habits, (ii) belief in the efficacy of multivitamins, and (iii) general 

attitudes towards dietary supplements and alternative medicines. We found that more 

frequent estimated usage, greater efficacy belief, and more favourable general attitudes 

reliably predicted a greater WTP for multivitamin products (Hypothesis I). The pilot 

study also examined the relationship between people’s irrational health belief scale 

scores and their WTP for multivitamins. Contrary to our prior prediction, we found that 

the irrational health belief scale was not a reliable predictor of people’s WTP 

(Hypothesis II). The pilot study also sought to establish a baseline for people’s 

propensity to recognize the value of clinical trial information when making future health 

purchases. The results showed that when provided with only half a contingency table 

for a fictitious health product, most people succumbed to the illusion of causality by 

incorrectly responding that the information presented indicated that the product was 

‘very effective.’ The results also showed that placebo-comparison information was rated 

as relatively unimportant, despite it being critical to determine if a product is efficacious 

(Hypothesis III). 

Validity of the general-attitude scale and the auction mechanism 

The primary aim of the pilot study was to demonstrate the validity of both the general-

attitude survey and the auction mechanism. Two aspects of the data suggest that the 

general-attitude scale is a valid measure of pre-existing attitudes toward supplements. 

Specifically, the general-attitude scale was found to be highly internally consistent and 

it was shown to measure five distinct but related components of attitudes towards 

supplements. This result was expected because the general-attitude scale was based on 
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previous research into the underlying drivers of the consumption of alternative 

medicines and dietary supplements. For example, items were based on findings from a 

study (Barnes, Ball, Desbrow, Alsharairi, & Ahmed, 2016) indicating that the two most 

common reasons for taking multivitamins were to supplement nutrition (60%) and to 

increase immune strength (49%). The finding that all three moderators predicted WTP 

suggests that this variation of the BDM auction mechanism, is a valid tool for 

measuring consumer demand for multivitamin products. These findings validate our 

methodology as suitable for answering the central question posed in the main study, 

namely whether or not the intervention treatment leads to a measurable behaviour 

change.  

Validity of the irrational health belief scale 

A secondary goal of the pilot study was to test the validity of the irrational health belief 

scale. The finding that the irrational health belief scale did not predict WTP raises 

questions about the validity of this scale as a measure of irrational health beliefs. Taken 

in isolation, this conclusion is questionable. For example, one might alternatively 

conclude that it is the validity of the auction mechanism itself, as a measure of 

consumer demand for multivitamins, that should be called into question. However, the 

fact that scores on the general–attitude scale—which also features items designed to tap 

irrational health beliefs—did reliably predict WTP in the auction confers support for the 

first conclusion. For these reasons, we decided to omit the irrational health belief scale 

from the main study. 

One possible reason for the failure of the irrational health belief scale to predict 

WTP is that people who ascribe to certain irrational health beliefs may not be acting 

irrationally, instead they may be acting rationally with imperfect information. In other 

words, for any one individual, the available evidence concerning the efficacy of a health 
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belief—including personal experience, exposure to marketing claims, and anecdotes 

from one’s own social network—may all logically lead to the conclusion that a health 

behaviour caused an unrelated beneficial outcome. Thus, there may be no irrational 

cognitive distortions driving an irrational health behaviour other than nescience. The 

same conclusion could not be drawn for the general-attitude scale since this measure 

included several items that directly measured peoples’ attitude towards dietary 

supplements (e.g. ‘Taking vitamin supplements is a good way to maintain general 

health’).  

Baseline of perceived importance of factors for making health purchases 

The pilot study also established two baselines for comparing whether the effect of our 

interventions in the main study would generalize to future health purchases. The first 

baseline is that most people succumb to the illusion of causality, as indicated by 

responses to the fictional product. This supports previous research demonstrating the 

strength of this illusion (Matute et al., 2015; Yarritu & Matute, 2015). The second 

baseline is that placebo-comparison information was rated as less important than 

product-comparison information, which in turn was rated as less important than 

information about side effects. One explanation for these preferences is that people’s 

perception of the importance of information is negatively correlated to its complexity, 

especially when making fast decisions. In other words, because placebo comparison 

information is both complex to obtain and complex to understand, this information is 

perceived as less important for everyday decisions. This supports previous research that 

many decisions are made using heuristics that ‘ignore part of the information, with the 

goal of making decisions more quickly, frugally, and more accurately than more 

complex methods’ (Gigerenzer & Gaissmaier, 2011). While simple heuristics can be 

efficient and sufficiently accurate for many types of decisions (e.g., Dhami, 2003; 
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Dhami & Harries, 2001), they can also lead to significant errors, especially when 

complex information is critical for inferring causality, as is often the case when the 

outcomes of a cause are not immediately known. This is particularly true of many health 

behaviours, as the benefits and/or side effects may not surface for many years and can 

differ considerably between individuals. These results further highlight the need for 

interventions that assist people in overcoming nescience. 

Concluding remarks 

There were two key findings of this pilot study. First, we obtained convergent evidence 

that the auction mechanism indexes consumer demand for vitamin supplements in the 

form of positive correlations between hypothetical WTP and the predictor measures of 

estimated usage, efficacy belief, and general attitudes. Second, based on the fictional 

health product scenario and future health purchases questionnaire, we obtained strong 

evidence that individuals are vulnerable to the illusion of causality, and that they place 

relatively little emphasis on clinical information when making health purchases. Thus, 

the pilot study confirmed that the survey instruments are suitable for answering the 

research question addressed in the main study. 
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Table 1. Factor loadings for principal components analysis with oblimin rotation on the 

general attitudes towards health supplements scale. 

Item General 
Health 

Additives / 
Experience Nutrition Alternative 

Medicine Safety 

A person who is generally healthy can still 
benefit from taking vitamin supplements 0.89     

Taking vitamin supplements is a good way 
to maintain general health 0.87     

Vitamin supplements are a good 
investment 0.70     

Vitamin supplements are not worth the 
money 0.69     

Vitamin supplements increase immune 
strength 0.64     

I don’t believe supplements increase 
immune strength 0.60     

The population is healthiest when people 
have access to both conventional and 
alternative medicines 

0.50    -0.45 

Vitamins are natural and supplements are 
therefore safe 0.43     

Vitamin supplements are only useful if a 
person has a specific deficiency 0.40     

I do not purchase products simply because 
they contain added vitamins  0.90    

Sometimes I choose certain products 
because they contain added vitamins  0.76    

The best way to know if a dietary 
supplement or medicine is effective is to 
try it for yourself 

 0.41    

Vitamin supplements are required because 
a typical diet is insufficient for optimal 
health 

  -0.80   

Vitamin supplements are not necessary for 
optimal nutrition.   -0.71   

One does not need to take vitamin 
supplements to maintain general health   -0.70   

Supplements or medicines should only be 
taken if there is scientific evidence that 
they work 

   0.86  

Most alternative medicines are ineffective  0.46  0.50  
Taking vitamin supplements may pose 
significant health risks     0.79 

Eigenvalues 7.63 1.28 1.25 1.11 1.04 
% of total variance 42.39 7.11 6.94 6.17 5.78 
α 0.90 0.74 0.80 0.47 0.16 
Note. Factor loadings <.40 are not shown. Data excludes seven careless responders (N=194). 
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Figure 1.  

Participants’ estimated frequency of their usage of multivitamins against WTP for the 

multivitamin product, N = 170. Error bars indicate standard errors. 
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Figure 2.  

Participants’ estimated belief in the efficacy multivitamin against WTP for the 

multivitamin product, N = 185. Error bars indicate standard error. 
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Figure 3.  

Participants’ general-attitude scale score against WTP-1 for the multivitamin product, N 

= 194.  
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Figure 4.   

The number of participants against each possible response concerning the fictitious 

health product, N = 194. Significant differences were determined against the number 

expected by chance (N/4) using planned binomial tests with sequential Bonferroni 

adjustment. 

*p < .05, ***p < .001  
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Figure 5.  

The number of participants against each possible rating of importance for product 

comparison, placebo comparison, and side effects, N = 194. Significant differences 

were determined against the number expected by chance (N/5) using Wilcoxon sign-

ranked tests with sequential Bonferroni adjustment. 

*p < .05, ***p < .001 
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Contains the supplemental material for the publication: 

MacFarlane, D., Hurlstone, M., & Ecker, U. Countering Demand for Ineffective Health 
Remedies: Do Consumers Respond to Risks, Lack of Benefits, or Both? Psychology & 
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Table S1. 
JASP Output for the Bayesian ANCOVA, Showing the Strength Evidence for Each Model Compared 
to the Null Model (Experiments 1 and 2 Combined) 

Models P(M) P(M|data) BFM BF10 error 
% 

Null model 0.026 1.733e -15 6.412e -14 1 
 

Contingency condition + Fear-appeal + 
Bidding type + General-attitude 

0.026 0.524 40.808 3.026e +14 6.308 

Contingency condition + Fear-appeal + 
Bidding type + General-attitude + Fear-appeal  
✻  Bidding type 

0.026 0.214 10.064 1.234e +14 1.766 

Contingency condition + Fear-appeal + 
Bidding type + General-attitude + Contingency 
condition  ✻  Bidding type 

0.026 0.088 3.573 5.081e +13 2.666 

Contingency condition + Fear-appeal + 
Bidding type + General-attitude + Contingency 
condition  ✻  Fear-appeal 

0.026 0.067 2.667 3.880e +13 3.016 

Contingency condition + Fear-appeal + 
Bidding type + General-attitude + Contingency 
condition  ✻  Bidding type + Fear-appeal  ✻ 
 Bidding type 

0.026 0.034 1.301 1.960e +13 2.771 

Contingency condition + Fear-appeal + 
Bidding type + General-attitude + Contingency 
condition  ✻  Fear-appeal + Fear-appeal  ✻ 
 Bidding type 

0.026 0.031 1.19 1.798e +13 2.309 

Fear-appeal + Bidding type + General-attitude 0.026 0.014 0.53 8.145e +12 2.785 

Contingency condition + Fear-appeal + 
Bidding type + General-attitude + Contingency 
condition  ✻  Fear-appeal + Contingency 
condition  ✻  Bidding type 

0.026 0.013 0.477 7.350e +12 3.662 

Fear-appeal + Bidding type + General-attitude 
+ Fear-appeal  ✻  Bidding type 

0.026 0.005 0.204 3.159e +12 4.969 

Contingency condition + Fear-appeal + 
Bidding type + General-attitude + Contingency 
condition  ✻  Fear-appeal + Contingency 

0.026 0.005 0.198 3.078e +12 2.837 
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condition  ✻  Bidding type + Fear-appeal  ✻ 
 Bidding type 

Contingency condition + Fear-appeal + 
General-attitude 

0.026 0.002 0.084 1.314e +12 1.078 

Contingency condition + Fear-appeal + 
Bidding type + General-attitude + Contingency 
condition  ✻  Fear-appeal + Contingency 
condition  ✻  Bidding type + Fear-appeal  ✻ 
 Bidding type + Contingency condition  ✻ 
 Fear-appeal  ✻  Bidding type 

0.026 8.986e  -4 0.033 5.185e +11 3.097 

Contingency condition + Fear-appeal + 
General-attitude + Contingency condition  ✻ 
 Fear-appeal 

0.026 3.223e  -4 0.012 1.860e +11 2.849 

Fear-appeal + General-attitude 0.026 8.326e  -5 0.003 4.805e +10 0.755 

Contingency condition + Bidding type + 
General-attitude 

0.026 3.925e  -6 1.452e  -4 2.265e  +9 1.136 

Contingency condition + Bidding type + 
General-attitude + Contingency condition  ✻ 
 Bidding type 

0.026 7.133e  -7 2.639e  -5 4.116e  +8 4.717 

Bidding type + General-attitude 0.026 1.949e  -7 7.211e  -6 1.125e  +8 0.814 

Contingency condition + Fear-appeal + 
Bidding type 

0.026 1.681e  -7 6.219e  -6 9.699e  +7 1.153 

Contingency condition + Fear-appeal + 
Bidding type + Fear-appeal  ✻  Bidding type 

0.026 4.658e  -8 1.724e  -6 2.688e  +7 3.684 

Contingency condition + Fear-appeal + 
Bidding type + Contingency condition  ✻ 
 Bidding type 

0.026 4.006e  -8 1.482e  -6 2.312e  +7 1.572 

Contingency condition + General-attitude 0.026 3.130e  -8 1.158e  -6 1.806e  +7 1.676 

Contingency condition + Fear-appeal + 
Bidding type + Contingency condition  ✻  Fear-
appeal 

0.026 2.145e  -8 7.935e  -7 1.238e  +7 2.179 

Contingency condition + Fear-appeal + 
Bidding type + Contingency condition  ✻ 
 Bidding type + Fear-appeal  ✻  Bidding type 

0.026 1.185e  -8 4.385e  -7 6.839e  +6 7.534 

Contingency condition + Fear-appeal + 
Bidding type + Contingency condition  ✻  Fear-
appeal + Fear-appeal  ✻  Bidding type 

0.026 7.229e  -9 2.675e  -7 4.171e  +6 5.195 
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Fear-appeal + Bidding type 0.026 6.005e  -9 2.222e  -7 3.465e  +6 0.842 

Contingency condition + Fear-appeal + 
Bidding type + Contingency condition  ✻  Fear-
appeal + Contingency condition  ✻  Bidding 
type 

0.026 5.874e  -9 2.173e  -7 3.389e  +6 9.171 

General-attitude 0.026 2.083e  -9 7.706e  -8 1.202e  +6 0.002 

Fear-appeal + Bidding type + Fear-appeal  ✻ 
 Bidding type 

0.026 1.679e  -9 6.211e  -8 968627.977 2.239 

Contingency condition + Fear-appeal 0.026 1.666e  -9 6.165e  -8 961470.234 2.435 

Contingency condition + Fear-appeal + 
Bidding type + Contingency condition  ✻  Fear-
appeal + Contingency condition  ✻  Bidding 
type + Fear-appeal  ✻  Bidding type 

0.026 1.552e  -9 5.742e  -8 895509.616 2.575 

Contingency condition + Fear-appeal + 
Bidding type + Contingency condition  ✻  Fear-
appeal + Contingency condition  ✻  Bidding 
type + Fear-appeal  ✻  Bidding type + 
Contingency condition  ✻  Fear-appeal  ✻ 
 Bidding type 

0.026 2.746e -10 1.016e  -8 158475.792 4.168 

Contingency condition + Fear-appeal + 
Contingency condition  ✻  Fear-appeal 

0.026 2.166e -10 8.016e  -9 125006.357 1.781 

Fear-appeal 0.026 7.544e -11 2.791e  -9 43534.02 5.249e -
10 

Contingency condition + Bidding type 0.026 1.205e -12 4.458e -11 695.306 2.446 

Contingency condition + Bidding type + 
Contingency condition  ✻  Bidding type 

0.026 3.166e -13 1.172e -11 182.716 11.502 

Bidding type 0.026 7.519e -14 2.782e -12 43.388 2.415e  
-7 

Contingency condition 0.026 2.272e -14 8.407e -13 13.111 2.594e  
-6 

Note. This table contains data shows the JASP output of the results from the data pooled from three 
experiments (Experiment 2 and both iterations of Experiment 1) with careless responders excluded (N = 
536). The table compares possible models for predicting WTP and provides an estimate of the strength 
of the evidence for each model compared to the null model.  Text in bold shows the strongest model, as 
determined by the greatest BF10.
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Table S2. 
Bayesian Analysis of Effects for Willingness-to-pay Predicted by Condition and Bidding Type 
(Experiments 1 and 2 Combined) 
Effects P(incl) P(incl|data) BF10 Inclusion 

Contingency condition 0.737 0.979 17.038 

Fear-appeal 0.737 1 77271.395 

Bidding type 0.737 0.997 132.95 

General-attitude 0.5 1 2.919e +6 

Contingency condition  ✻  Fear-appeal 0.316 0.119 0.291 

Contingency condition  ✻  Bidding type 0.316 0.147 0.374 

Fear-appeal  ✻  Bidding type 0.316 0.294 0.904 

Contingency condition  ✻  Fear-appeal  ✻  Bidding type 0.053 0.001 0.02 

Note. Showing results from three experiments (Experiment 2 and both iterations of Experiment) 
with careless responders excluded (N = 536). The results in bold confirm that there were no 
interactions between biding amount and the intervention treatments, meaning that effect of 
condition on WTP was comparable between the hypothetical and incentivized experiments. 
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Figure S2.  B
ayesian Interaction Plot for Pooled D
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 both experim
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ith careless responders rem
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Experim

ent 1: H
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(b) Experim
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ith careless responders 
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s results for bids that w
ere incentivized.  

Error bars indicate 95%
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Supplementary Material A for MacFarlane et al. “Refuting Spurious COVID-19 

Treatment Claims Reduces Demand and Misinformation Sharing” 

Materials 

Predictors.  

Main predictors. Prior beliefs can moderate responses to health messaging (Myers, 

2014). Thus, participants’ general attitudes toward health supplements and alternative 

medicines were assessed using an 18-item questionnaire, following MacFarlane, Hurlstone, 

and Ecker (2018). Each item consisted of a declarative statement relating to a motivation for 

consuming alternative health products (e.g., “Vitamins are natural, and supplements are 

therefore safe”). Participants were asked to rate how much they agreed with each statement 

using a 5-point Likert scale (1 = strongly disagree; 5 = strongly agree). A composite score 

was calculated for each participant indicating their general attitude to health supplements and 

alternative medicines (hereafter, “general-attitude”). To measure response consistency, each 

item was paired with a reverse-phrased statement of similar meaning (i.e., 9 pairs of items). 

The order of items in the scale was randomized. The general-attitude scale was found to have 

very good internal consistency reliability (Cronbach’s α = .87). The full scale can be found in 

Supplementary Material B. 

Participants’ concern about the COVID-19 pandemic was measured as a composite 

score based on participants’ responses to four questions (e.g., “How severe do you think 

novel coronavirus [COVID-19] will be in the U.S. general population as a whole?” on a 5-

point Likert scale [1 = very mild; 5 = very severe]), following Ecker, Butler, Cook, 

Hurlstone, Kurz, & Lewandowsky (2020). All items are provided in Supplementary Material 

B. 

Additional predictors. We measured three additional predictors of willingness-to-pay 

by asking participants (1): whether they had taken vitamin E supplements in the past, and if 
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2 

so, to estimate their previous usage frequency on an eight-point scale (1 = not in the past few 

years; 8 = every day); (2) to rate their belief in the effectiveness of the routine consumption 

of vitamin E supplements for their health (hereafter, “efficacy-belief”), using a 6-point scale 

(1 = not effective at all; 5 = extremely effective; 6 = don’t know); and (3) to estimate their 

current state of health on a 4-point scale (1 = fine, healthy; 4 = sick, exhausted). 

Results 

Additional predictors of willingness-to-pay. Associations between willingness-to-

pay and the three additional predictors were analyzed via Spearman’s correlation coefficient. 

For estimated usage, we excluded participants who reported having never previously taken 

vitamin E supplements. For estimated efficacy belief, we excluded participants who 

responded “don’t know”. Willingness-to-pay was positively associated with estimated usage 

of vitamin E, n = 384, rs = .16, p = .001 and efficacy belief, n = 678, rs = .22, p < .001, 

indicating participants with more frequent usage and higher efficacy belief had significantly 

higher willingness-to-pay for the vitamin E product. The control predictor of current health 

state was not correlated with willingness-to-pay, n = 678, rs = .03, p = .51.
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Table S2 

Post H
oc C

om
parisons Testing the Influence of C

ondition on M
isinform

ation-Prom
otion 

 
 

W
s  

p
Bonferroni   

r 

C
ontrol  

M
isinform

ation  
12434 

.017* 
-.09 

   
Tentative R

efutation  
15473 

.1676 
-.05 

   
Enhanced, R

efutation  
18494 

< .001*** 
-.19 

M
isinform

ation  
Tentative R

efutation  
17712 

< .001*** 
-.15 

   
Enhanced R

efutation  
20566 

< .001*** 
-.27 

Tentative R
efutation  Enhanced R

efutation  
17386 

< .001*** 
-.15 

N
ote. p-values w

ere adjusted for m
ultiple com

parisons w
ith sequential B

onferroni adjustm
ent. 

* p < .05, ** p < .01, *** p < .001 

 
 

A
ppendix IV

 —
 Supplem

ent A
 for C

hapter 5: R
efuting spurious C

O
V

ID
-19 claim

s

262 



R
unning head: R

EFU
TIN

G
 C

O
V

ID
 (M

ISIN
FO

R
M

A
TIO

N
)  

 
 

5 

Table S3 

Engagem
ent w

ith M
isinform

ation-endorsing Social-m
edia Post across C

onditions 

C
ondition 

Share 

%
 

Like  

%
 

Pass   

%
 

Flag   

%
 

Share+ 

Like %
 

Pass+ 

Flag %
 

Share %
 (vs 

M
isinform

.) 

Flag %
 (vs 

M
isinform

.) 

Share+Like %
 

(vs C
ontrol) 

Share+Like %
 

(vs M
isinfo.) 

C
ontrol 

19.41 
30.59 

18.82 
31.18 

50.00 
50.00 

-32.26 
+52.32 

- 
-18.13 

M
isinform

ation 
28.65 

30.41 
20.47 

20.47 
59.06 

40.94 
- 

- 
+18.13 

- 

Tentative-R
efutation 

13.10 
28.57 

25.00 
33.33 

41.67 
58.33 

-54.30 
+62.86 

-16.66 
-29.46 

Enhanced-R
efutation 

8.88 
17.75 

18.34 
55.03 

26.63 
73.37 

-69.03 
+168.86 

-79.21 
-54.92 

 A
ppendix IV

 —
 Supplem

ent A
 for C

hapter 5: R
efuting spurious C

O
V

ID
-19 claim

s

263 



6 
 

References 

Ecker, U. K. H., Butler, L. H., Cook, J., Hurlstone, M. J., Kurz, T., & Lewandowsky, S. 

(2020). Using the COVID-19 economic crisis to frame climate change as a 

secondary issue reduces mitigation support. Journal of Environmental 

Psychology, 70, 101464. https://doi.org/10.1016/j.jenvp.2020.101464 

MacFarlane, D., Hurlstone, M. J., & Ecker, U. K. H. (2018). Reducing demand for 

ineffective health remedies: Overcoming the illusion of causality. Psychology & 

Health, 33, 1472-1489. https://doi.org/10.1080/08870446.2018.1508685 

Myers, L. B. (2014). Changing smokers’ risk perceptions—for better or worse? Journal 

of Health Psychology, 19, 325-332. https://doi.org/10.1177/1359105312470154 

 

Appendix IV — Supplement A for Chapter 5: Refuting spurious COVID-19 claims 264 



 

 

 

 

 

 

Appendix V: Supplementary material B for Chapter 5 

Contains the supplemental material for the publication: 

MacFarlane, D., Tay, L. Q., Hurlstone, M. J., & Ecker, U. K. H. (Under Review). Refuting 
Spurious COVID-19 Treatment Claims Reduces Demand and Misinformation Sharing. 
Manuscript submitted for publication. 

  

265 



  

266 



1 
 

Supplementary Material B for MacFarlane et al. “Refuting Spurious COVID-19 

Treatment Claims Reduces Demand and Misinformation Sharing” 

General Attitudes toward Health Supplements and Alternative Medicines Scale 

The following items were used to measure participants’ general attitudes toward 

health supplements and alternative medicines (for details, see MacFarlane, Hurlstone, & 

Ecker, 2018): 

1. Taking vitamin supplements is a good way to maintain general health; 

2. One does not need to take vitamin supplements to maintain general health; 

3. Vitamin supplements are a good investment; 

4. Vitamin supplements are not worth the money; 

5. Vitamin supplements are only useful if a person has a specific deficiency; 

6. A person who is generally healthy can still benefit from taking vitamin supplements; 

7. Taking vitamin supplements may pose significant health risks; 

8. Vitamins are natural and supplements are therefore safe; 

9. The population is healthiest when people have access to both conventional and 

alternative medicines; 

10. The best way to know if a dietary supplement or medicine is effective is to try it for 

yourself; 

11. Supplements or medicines should only be taken if there is scientific evidence that they 

work; 

12. Vitamin supplements are required because a typical diet is insufficient for optimal 

health; 

13. Vitamin supplements are not necessary for optimal nutrition; 

14. Vitamin supplements increase immune strength; 

15. I don’t believe supplements increase immune strength; 
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16. Sometimes I choose certain products because they contain added vitamins; 

17. I do not purchase products simply because they contain added vitamins; 

18. Most alternative medicines are ineffective. 

COVID-19 Concern Scale 

The following items were used to measure participants’ COVID-19 concern, 

following Ecker, Butler, Cook, Hurlstone, Kurz, and Lewandowsky (2020): 

1. “How severe do you think novel coronavirus (COVID-19) will be in the U.S. general 

population as a whole?”, using a 5-point Likert scale (1 = very mild; 5 = very severe); 

2. “How concerned are you that you or someone you know might become infected with 

novel coronavirus (COVID-19)?”, using a 5-point Likert scale (1 = not at all 

concerned; 5 = extremely concerned);  

3. “Have you been (or do you expect to be) negatively impacted financially by novel 

coronavirus (COVID-19)?”, using a 5-point Likert scale (1 = not at all impacted; 5 = 

very severely impacted); 

4. “How much do you agree with the statement ‘The coronavirus (COVID-19) crisis will 

be over soon’?”, using a 6-point Likert scale (1 = strongly  disagree; 6 = strongly 

agree). 

Articles 

The following pages show the articles as they were presented to participants. Note 

that refutation articles were presented after the misinformation article in the refutation 

conditions. 
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Control. 

 
 

Keeping your immune system fit  
BY TAYLOR DAVIS — 3 DAYS AGO 
  

 
  
The coronavirus presents many uncertainties, and none of us can completely eliminate 
our risk of getting COVID-19. If we do catch COVID-19, our immune system is 
responsible for fighting it. 
 
Research shows that you can try to keep your immune system healthy to give it the best 
chance of fighting an infection. This is where things like a balanced diet, regular 
exercise, and good sleep come in. Maintaining a good diet with plenty of fruit and 
vegetables, and avoiding alcohol and tobacco, as well as making sure you get at least 7 
hours sleep at night, and 30 minutes of exercise a day, will help your immune system to 
stay healthy.  
  
One reason why a balanced diet supports immune system function is that it ensures your 
body gets all the vitamins and minerals it needs. The U.S. National Institute of Health 
(NIH) website states, 
  

"Vitamins and minerals are micro-nutrients. They are, in small amounts, essential 
for health. The lack of a specific micro-nutrient may cause or predispose someone 
to disease." 
 
"Vitamin E, for example, acts as an antioxidant and is involved in immune 
function. It helps to widen blood vessels and keep blood from clotting. In addition, 
cells use Vitamin E to interact with each other and to carry out many important 
functions." 
  

While some believe that extra vitamin supplements are essential, dieticians say that 
taking additional vitamins is not necessary unless you have been diagnosed by your 
doctor with a specific nutrient deficiency or you have specific dietary needs. 
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Misinformation. 
 
 
Keeping your Immune System Fit —Can Vitamin E Supplements Treat 
COVID-19? 
BY TAYLOR DAVIS — 3 DAYS AGO 
  

 
 
The coronavirus presents many uncertainties, and none of us can completely eliminate 
our risk of getting COVID-19. If we do catch COVID-19, our immune system is 
responsible for fighting it. 
 
Research shows that you can try to keep your immune system healthy to give it the best 
chance of fighting an infection. This is where things like a balanced diet, regular 
exercise, and good sleep come in. Maintaining a good diet with plenty of fruit and 
vegetables, and avoiding alcohol and tobacco, as well as making sure you get at least 7 
hours of sleep a night, and 30 minutes of exercise a day, will help your immune system 
stay healthy. 
 
One reason why a balanced diet supports immune function is that it ensures your body 
gets all the vitamins and minerals it needs. The U.S. National Institute of Health (NIH) 
website states, 
  

"Vitamins and minerals are micro-nutrients. They are, in small amounts, essential 
for health. The lack of a specific micro-nutrient may cause or predispose someone 
to disease." 
 
"Vitamin E, for example, acts as an antioxidant and is involved in immune 
function. It helps to widen blood vessels to keep blood from clotting. In addition, 
cells use Vitamin E to interact with each other and to carry out many important 
functions."  

 
While some believe that extra vitamin supplements are essential, dieticians say that 
taking additional vitamins is not necessary unless you have been diagnosed by your 
doctor with a specific nutrient deficiency or you have specific dietary needs. 
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However, Dr. Avery Clarke from New York argues Vitamin E is essential to combatting 
COVID-19. He said, 

  
“Vitamin E boosts the immune system so that it can better fight off invading 
bacteria and viruses." 
  
"Experts in Taiwan have shown that COVID-19 can be slowed, or stopped 
completely, with immediate widespread use of high doses of Vitamin E. If taken 
throughout the day, Vitamin E is a clinically proven antiviral without equal." 
  
"I have seen patients who showed early symptoms of COVID coming on; I told 
them to try large doses of Vitamin E, and symptoms went away in just a few days." 
  
"What's more, this remedy is completely natural. I am urgently trying to get this 
message out now because it doesn't get much airtime—after all, it's cheap and 
readily available, so there's not much money in it." 
  
"Imagine if you, or one of your loved ones, gets sick or dies, from something that is 
completely preventable." 
  

Dr. Clarke said you can protect yourself by taking a daily Vitamin E supplement from 
any reputable chemist. 
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Tentative refutation. 
 
 
There is no evidence that Vitamin E supplements help with COVID-19 
BY JORDAN VANCE — 2 DAYS AGO 
  
Professor Simon Corner, a public health expert at the University of Chicago, is critical of 
claims about coronavirus cures. When asked about Dr. Avery’s Vitamin E claims, 
Professor Corner replied, 
  

“There is no conclusive evidence that vitamin E supplements can delay the onset of 
an infection or treat respiratory infections, such as COVID-19. Furthermore, 
vitamin and mineral supplements are not recommended for the general 
population." 
  

Professor Corner said there are some exceptions where Vitamin E supplements may be 
appropriate such as for pregnant women, some people with chronic health conditions, 
and people with conditions that affect their diets. Professor Corner recommends people 
talk to their doctor, pharmacist, or accredited dietitian. 
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Enhanced refutation. 
 
 
WARNING: False Claims about Vitamin E supplements & COVID-19 
BY JORDAN VANCE — 2 DAYS AGO 
  
Professor Simon Corner, a public health expert at the University of Chicago, is critical of 
claims about coronavirus cures. When asked about Dr. Avery’s Vitamin E claims, 
Professor Corner replied, 
  

"Dr. Clarke is spreading false and misleading information to deliberately deceive 
people into wanting an ineffective cure to coronavirus." 
  

Professor Corner outlined some of the techniques that Dr. Clarke used to deceive. 
Professor Corner explained, 
  

"Dr. Clarke’s message starts with some true facts about the benefits of vitamins. So, 
it’s true that Vitamin E is important for fighting viruses, and deficiencies can 
weaken your immune system." 
  
"Giving some accurate information, combined with his title as a doctor, creates the 
impression that Dr. Clarke is a medical expert making trustworthy claims. In 
reality, Dr. Clarke intentionally hides the fact that he is not a medical doctor and 
that his many false claims are rejected by the medical community. Such deception 
is one good reason why Dr. Clarke's advice should be ignored." 

 

 
 

Professor Corner said it was understandable that everyone hopes for a “miracle cure”, 
especially during this COVID-19 pandemic, when we are all worried about our own 
health and that of our loved ones. He explained that fear was a key component of Dr. 
Clarke’s message, used to manipulate people into believing that his bogus cure is 
essential. Professor Corner said, 
  

"Thankfully, the majority of people will recover from COVID-19 thanks to their 
own immune systems, irrespective of any dietary supplements or unproven 
remedies they may or may not have taken." 
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"Unfortunately, there is no clinical evidence that Vitamin E supplements have any 
impact on COVID-19." 

Professor Corner explains that Dr. Clarke's use of the term “natural”, was a particular 
marketing trick, known as an "appeal to nature". 
  

"Using terms such as 'natural' is designed to get people to associate the proposed 
treatment with being harmless. In fact, however, high doses of Vitamin E 
supplements have been linked to adverse side-effects such as nausea, diarrhoea, 
and some more serious diseases. For this reason, the National Academies’ Food and 
Nutrition Board has set upper limits for Vitamin E consumption." 

  
Professor Corner said that sharing such bogus remedies with your family would thus put 
them at risk of serious side-effects, while providing no benefit for treating COVID-19.  
   

"While vitamin supplements cannot boost your immune system, as people like Dr. 
Clarke might claim, ensuring good nutrition by eating a range of foods will keep 
your immune system healthy." 
  

Professor Corner noted that the only proven way to keep safe from COVID-19 is to 
maintain physical (social) distancing and ensure proper hygiene practices. 
 
  

Appendix V — Supplement B for Chapter 5: Refuting spurious COVID-19 claims 275 



10 
 

References 

Ecker, U. K. H., Butler, L. H., Cook, J., Hurlstone, M. J., Kurz, T., & Lewandowsky, S. 

(2020). Using the COVID-19 economic crisis to frame climate change as a secondary 

issue reduces mitigation support. Journal of Environmental Psychology, 70, 101464. 

https://doi.org/10.1016/j.jenvp.2020.101464 

MacFarlane, D., Hurlstone, M. J., & Ecker, U. K. H. (2018). Reducing demand for ineffective 

health remedies: Overcoming the illusion of causality. Psychology & Health, 33, 

1472-1489. https://doi.org/10.1080/08870446.2018.1508685 

 

Appendix V — Supplement B for Chapter 5: Refuting spurious COVID-19 claims 276 



 

 

 

 

 

 

Appendix VI: Supplementary material for Chapter 6 

Contains the supplemental material for the publication: 

MacFarlane, D., Hurlstone, M. J., Ecker, U. K. H., Ferraro, P. J, van der Linden, S., Wan, A. 
K. Y., Veríssimo, D., Burgess, G., Chen, F., Hall, W., Hollands, G. J., & Sutherland, W. J. 
(Under Review) Reducing demand for overexploited wildlife products: Lessons from 
systematic reviews from outside conservation science. Manuscript submitted for publication. 

  

277 



  

278 



[Supplemental Material — Reducing Demand for Overexploited Wildlife Products]  1 

Supplementary Material for “Reducing Demand for Overexploited Wildlife Products: Lessons 

from Systematic Reviews from Outside Conservation Science” 

 

Supplementary Methods 

Search Strategy  

The present review aimed to provide an overview of the existing evidence base to answer 

the primary question—what interventions are effective for reducing the demand for harmful 

products.? In addition, the review sought to assess only those interventions that are conceptually 

plausible for application to reducing consumer demand for wildlife products. In particular, we 

aimed to ensure that our conclusions were generally applicable to both legal and illegal 

components of the wildlife trade and thus we excluded interventions that could only be applied 

to trade to legal trade (e.g., taxation). We also excluded other impracticable interventions 

approaches, such as parent training—since this intervention assumes the major consumers are 

adolescents under parental supervision. We also only included interventions that could feasibly 

be considered scalable/deliverable at a population rather than at the individual level, such as brief 

interventions (individual advice delivered by medical professionals) or pharmacotherapy.  

Components of the primary question. This primary question was broken down into the 

following components: 

Population Consumers and/or users of harmful products. 

Intervention The action inferred to cause the outcome. Interventions must have a 

conceivable applicable to combatting demand for illegal wildlife 

products (e.g., cannot include interventions such as— “raise tax 

levies” or “provide training to parents”).  

Comparison Means for assessing intervention effectiveness (e.g., systematic 

reviews and meta-analysis). 
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Outcome Intended or hypothesised impact, i.e., to reduce demand 

Measure Must be specific to consumer demand, (e.g., not harm reduction) 

Harmful Products Harmful products were deemed to be any product or substance that 

was likely to be the target of a public demand-reduction campaign, 

such as alcohol, tobacco, illicit drugs, stolen goods, and foods with 

high sugar or salt content. 

Search terms. A list of relevant search terms was generated by the Advisory Board and 

broken into six components (Population, Intervention, Comparison, Outcome, Measure, and 

Harmful products; see above for explanations). These components were then combined using 

Boolean operators “AND” and/or “OR” (see Table S1). The Asterix (*) was used as a wildcard 

to represent any characters, including no character (e.g., Consumer* includes Consumers, 

Consumerism, Consuming). Phrases in quotation marks were used to search exact phrases (e.g., 

“Behaviour change communication” and “behavior change communication”, which includes 

both American and British English spelling of behaviour).   

Staged approach. To maximise the potential for finding relevant literature, our search 

strategy was implemented across three stages. Stage 1 was a systematic search of the Cochrane 

Library using a simplified search strategy including only the “Outcome” and “Measure” 

components. This more expansive search was possible because the Cochrane database is smaller 

than the other databases and thus returned more manageable results. Stage two was a systematic 

search of Web of Science, PsychINFO, and Scopus (Scopus was limited to articles published 

after 2008, as only titles, not abstracts, could be retrieved in bulk). The specific details of the 

searched databases were: 

1. Scopus—a multidisciplinary research including journals, books, proceedings, and 

published data sets. [Limited to past 10 years, included only >2008, because only titles 

were able to be retrieved in bulk, meaning the time taken to process was unfeasible]  
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2. PsycINFO—search by Abstract only [University of Western Australia access] is a 

database of abstracts of literature in the field of psychology. Search field -  

3. Web of Science—specifically Search by Topic [University of Western Australia access]: 

Web of Science Core Collection (1900-present); Current Contents Connect (1998-

present); Data Citation Index (1900-present); KCI-Korean Journal Database (1980-

present); MEDLINE (1950-present); Russian Science Citation Index (2005-present ); 

SciELO Citation Index (1997-present). 

Stage three involved a manual backwards and forwards citation search of key texts that 

were either (i) suggested by the Advisory Board1–8 or (ii) located during the data screening 

process, mostly relevant overviews of systematic reviews.9–14. This process resulted in locating 

two additional systematic reviews, that were not otherwise captured through our search 

string.15,16 

Eligibility Criteria. 

 The eligibility criteria, and summarised justifications for each criterion, is outlined in 

Table S2. Whilst some criterion (e.g., vii: Pharmacotherapy) excluded interventions that were 

obviously inapplicable for reducing demand for illegal wildlife products, other criterion excluded 

interventions (e.g., Multicomponent interventions) that may have provided useful and relevant 

insights but were nevertheless deemed out of scope. The criteria were set high due to ensure the 

external validity of the results for answering the primary question and to ensure the overall 

volume of literature could be feasibly assessed given the available resource constraints. For 

example, we excluded studies that only reported non-behavioural outcomes (also called “soft-

indicators”) such as attitude, intention, and knowledge. Whilst these measures are important for 

indicating pre-curses to behaviour, they do not always correlate with actual behaviour.17–19 This 

may be due, in part, to barriers such as cost and convenience, preventing a person’s behaviour 

from aligning with their beliefs.20 Consequently, relying on self-reported attitudes can lead 
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researchers to over-report the effectiveness of an intervention.21 Instead, we elected to include 

only studies that report objective measures of consumer behaviour (also called “hard-measures”) 

which give a direct indication of the effectiveness of a given intervention on behaviour. 

Examples of direct measures of consumer behaviour include sales figures, consumption levels, or 

incentivised experiments measuring willingness to pay.  

Despite setting the exclusion criteria standard high, the volume of systematic reviews 

initially returned through our systematic process was beyond what could feasibly be assessed in a 

single paper. Consequently, we decided not to assess one prominent type of intervention 

approach, namely formal education interventions (e.g., training delivered through formal school 

or university settings), as we had originally planned. Whilst comparative analysis of the impact 

of formal education campaigns may have been informative for the present research question, the 

decision to exclude this category was made primarily to limit the volume of systematic reviews 

to a manageable number (N.B., 55 systematic reviews of formal education interventions had 

made it past the title and abstract screening stage). The decision was also made, in part, after 

reviewing the returned literature and concluding that, relative to the other intervention types, 

formal education interventions would be less immediately scalable for altering wildlife consumer 

demand, especially in adult consumers (see also Table S2). Nevertheless, we did include other 

interventions, such as mass-media campaigns, that had an educational component, since such 

actions are more readily scalable for targeting wildlife consumers (although evidence of efficacy 

remains elusive22).  

Data Extraction 

Quality assessment. The quality of each systematic review was assessed against the 

following five key criteria:  
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1. Does the systematic review include mostly randomised controlled trials (RCTs), (i.e., less 

than 50% are non-randomised studies of interventions [NRSIs])? AND if they included 

any NRSIs did they provide compelling reasons for including them? — yes/no 

2. Does the systematic review explicitly employ a comprehensive search strategy including 

both (i) Searched at least two databases, and (ii) Outlined their keywords and/or search 

strategy? — yes/no 

3. Does the systematic review describe all the studies in detail, must include all the 

following: subjects, interventions, outcomes, and study design? — yes/no  

(State yes, if the systematic review provides descriptions in a sufficiently detailed 

summary [e.g., a table] of these study details) 

4. Does the systematic review assess the risk of bias for each included study, and is this 

discussed a limitation? — yes/no 

5. If review included a meta-analysis, did the meta-analysis assess the impact of 

heterogeneity* of the included papers—   yes/no or   N/A (no meta-analysis included)? 

*Must including reference to the heterogeneity of results (i.e., measured this statistically, 

Q, i-squared, Tau, or some equivalent; or managed heterogeneity using a random-effects 

model) 

These simplified criteria were adapted from the more in-depth, and more resource-

intensive, AMSTAR tool, which stands for A MeaSurement Tool to Assess systematic 

Reviews.23 The broad research scope of the present overview compelled us to apply a simplified 

version of the AMSTAR criteria. Indeed, Shea et al.23 recommend that the AMSTAR tool be 

considered a set of suggestions to be adapted to suit a particular domain. For the present 

overview, several factors precluded the capacity to apply an overly rigorous quality assessment 

criteria; including that our broad research scope captured too diverse a range of studies, 
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methodologies, samples, definitions, exposure periods, study designs, and statistical analyses. A 

similar argument has been made in a previous overview of systematic reviews.24  

Another justification for using simplified criteria was that the present overview did not 

require (nor have the resources for) such an in-depth level of quality assessment. Instead, the 

present overview aimed to provide a conceptual platform to discuss the demand parallels with 

the broader existing body of evidence on interventions aimed at harmful products, and thus 

inform plausible interventions for the products that comprise the illegal wildlife trade. This point 

is particularly applicable, given the broader context, namely the urgent need to address the 

present dearth of evidence available to inform current campaigns for reducing demand for illegal 

wildlife products.25 The adopted criteria were intentionally designed to avoid labelling particular 

systematic reviews as high or low quality. Instead, our simplified criteria serve to highlight 

whether a review has one, or more, key limitations.  

As noted in the main paper, we recruited three other researchers to assess the inter-rater 

reliability of our quality assessment criteria. In instances of doubt regarding whether a review 

met a certain criterion, reviewers were instructed to give review authors the benefit of the 

doubt—provided the review authors provide some justification that is logical. This instruction 

was provided to help obtain consistency, noting that some words in the quality assessment 

criteria, such as “sufficiently”, or “compelling”, are inherently subjective and thus require further 

guidance with regards to the strictness of their application. 

Kappa analysis. Kappa analysis was conducted on all review quality criterion 

individually, and any criterion with a Cohen’s kappa score below 0.6 was revisited for discussion 

and reconciliation (> 0.6 = substantial agreement26). Only criterion 3 failed to meet this 

benchmark, kappa = 0.22. We found that this lower level of agreement resulted from four 

instances of disagreement in reviewer assessment. Each instance was then revisited, and 

additional limitations were noted in Table S3. In three instances the disagreement centred on 
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low-quality reviews, with two or more other agreed limitations, and thus the reconciliations had 

no bearing on the final review quality scores. In one instance,27 one reviewer suggested that the 

systematic review receive a lower rating for failing to include descriptions of subjects against 

each included study. However, it was agreed that whilst this information was not available, the 

review authors had noted that—they coded for, and assessed the impact of, sample 

characteristics, and found that it did not moderate the impact on behaviour. We thus decided the 

review should retain a review quality rating of “A”. 

Conflicts of interests. Each systematic review was checked to confirm the funding 

sources and any declarations of potential conflicts of interest. We found that none of the included 

systematic reviews had identifiable conflicts of interests, although several did not include a 

declaration of conflict of interest or an explicit statement acknowledging a funding source. In 

those cases, authors were always university professors or public health experts affiliated with 

government health departments or national research institutes, and thus funding might reasonably 

be assumed to come from internal sources.  
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Tables 

Table S1.  
Search String 

Component Search String 

Population terms (Consumer* OR Customer* OR Shopper* OR Buyer* OR Purchaser* OR User* OR 
Smoker* OR Drinker* OR Behaviour* OR Behavior* OR " Decision-making" OR 
Public)  
AND 

Intervention terms  (Intervention* OR Treatment OR Condition* OR Policy OR Campaign OR 
Campaigning OR Training OR Education OR Awareness OR "Public service 
announcement" OR Warning OR "Social marketing" OR "Behaviour change 
communication" OR "Behavior change communication" OR "Edutainment" OR 
Communication OR Information OR Message OR Nudge OR "Demand reduction") 
AND 

Comparison terms  ("Meta-analysis" OR Review) 
AND 

Outcome terms   (Reduc* OR Decreas* OR Lower* OR Moderate* OR Prevent* OR Alter* OR 
Change* OR Replace* OR Modify OR Restrict OR Discourage)  
AND 

Measure terms   (Demand OR Sales OR Consum* OR Spending OR Spent OR Value OR Price OR 
"Willingness to pay" OR Smoking OR Drinking OR Purchas*) 
AND 

Harmful consumption 
terms 

(Alcohol* OR Cigar* OR Tobacco OR Marijuana OR Cocaine OR Heroin OR ((Illicit 
OR Illegal) AND Drug*) OR "Recreational Drug*" OR "Party drug*" OR Counterfeit 
OR Stolen OR Unsustainable OR Unethical OR Harmful OR "Environmental harm" OR 
Fat OR  "Unhealthy diet" OR Sugar OR "Junk food" OR ((Ineffective OR Alternative 
OR Unsupported OR Complementary) AND (Medicine OR (Health AND (Remedy OR 
Product))))) 

Note. Although originally included, education interventions were later excluded from the analysis, mostly for 
pragmatic reasons of ensuring the review was manageable.
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Table S2.  
Exclusion Criteria 
 

E
xclusion C

riteria 
Justification  

(i) 
B

rief interventions 
O

utside of scope. A considerable proportion of literature has investigated the efficacy of m
edical doctors providing advice to alter patient behaviour. W

hilst such an approach 

m
ay be relevant to consum

ption of som
e w

ildlife products perceived by som
e to have health benefits (e.g., rhino horn or tiger bones), the size of the literature put this question 

out of scope. Furtherm
ore, w

e suggest that this intervention w
ould often be unfeasible, as patients rarely reveal alternative rem

edy consum
ption in m

edical consultations and 

doctors tend to be m
ore focused on health-related considerations.  

(ii) 
M

otivational tools for 

habits or addictions 

O
utside of scope, since addiction is unlikely a m

ajor factor in the consum
ption of illegal w

ildlife products. Exam
ple studies included those focused on goal setting, prom

pting, 

and personalised feedback. 

(iii) 
N

ot a system
atic review

 

or m
eta-analysis  

O
ut of scope. The sheer volum

e of the literature relevant to our research question required us to exclude any studies that w
ere not system

atic review
s or related studies. 

Exam
ples of studies w

e excluded included single studies, protocols, com
m

entaries, rapid review
s, and narrative review

s. 

 
(a) C

ase studies  
O

ut of scope. Sim
ilar to studies on trends and correlations, w

e excluded studies that investigated consum
ption trends using, often country-specific, national case studies. W

hilst 

interesting, such studies typically engaged in narrative theorizing about the tim
eline of consum

ption against possible causes via policies and econom
ics, often resulting in 

researchers m
aking causal inferences that are generally less robust than experim

ental studies. 

 
(b) Theoretical review

s 
O

ut of scope. This included studies that looked at the theory of behaviour change but did not em
pirically assess the effectiveness of the interventions.  

(iv) 
U

ngeneralizable  
O

utside of scope. This included studies that w
ere not conceptually relevant to the dem

and for w
ildlife consum

er products. For exam
ple, parenting training to address adolescent 

drug addiction. 

 
(a) Im

practical due to 

the illegality com
ponent 

of IW
T. 

N
ot applicable. Included interventions such as prohibiting select groups (e.g., m

inors) of individuals from
 purchasing alcohol or cigarettes, enforcing closing tim

es, and 

solutions involving the regulation of legal products (e.g., nutritional labels). 
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(b) C

ounterfactual 

associations  

O
ut of scope. W

hilst counterfactual studies of correlations can provide interesting insights into intervention im
pacts, the volum

e of literature required us to exclude them
. 

Exam
ples of excluded studies included those that inferred the im

pact of an intervention im
pact based on outlet or advertising proxim

ity to consum
ers. 

 
(c) Econom

ic 

disincentives 

O
ut of scope and likely not applicable. This included studies investigating the im

pact of raising taxes on alcohol or cigarettes. W
hilst, there are debates about w

hether 

legalisation of w
ildlife products w

ould benefit conservation (i.e., to “satiate” dem
and), the supply side econom

ics for endangered species is considerably different to m
ajor 

products, such as alcohol and cigarettes. W
hilst increasing products m

ay reduce dem
and from

 som
e consum

ers, for m
any others—

increased prices and the inherent rarity of 

endangered w
ildlife products, m

ay further fuel dem
and and thus w

ere deem
ed inappropriate for the current review

. 

 
(d) H

arm
s reduction 

interventions 

O
utside of scope. This included studies w

here the prim
ary m

easurem
ent w

as a reduction in harm
, not consum

ption, such as reduced rates of injury, drink driving, incarceration, 

sm
oke exposure, or inequality. 

 
(e) Pharm

acotherapy 
N

ot applicable. Studies evaluating interventions of pharm
acological m

edications. 

 
(f) Platform

-based: 
O

utside of scope. Som
e system

atic review
s assessed the effectiveness of the different m

edium
s/platform

s (e.g., social m
edia) for delivering m

ultiple interventions. W
hilst the 

m
edium

 of m
essage delivery is an im

portant consideration for intervention im
plem

entation, such studies are less helpful in assessing w
hich interventions are likely effective.  

 
(g) O

verly specific sub-

populations 

O
ut of scope. M

any studies assessed the im
pact of interventions on very specific sub-populations, such as pregnant w

om
en, or heart attack patients. Such review

s w
ere excluded 

to increase the generalisability of the findings. 

 
(h) Portion control 

treatm
ents 

N
ot applicable. Such interventions assum

e practitioners have regulatory or other m
eans to control portion sizes of w

ildlife consum
er products. Such studies include altering 

plate and package seizing to achieve dietary outcom
es, such as reduce overall caloric intake. 

 
(i) M

ulticom
ponent 

interventions: 

O
ut of scope. This included studies assessing the im

pact of adm
inistering m

ultiple interventions at once. W
hilst com

bining interventions m
ay ultim

ately produce m
ore effective 

results, w
e decided such studies w

ere generally less useful for the present review
—

w
hich aim

ed to com
pare the im

pact of specific interventions.   

(vi) 
N

ot a review
 of dem

and 

reduction interventions 

O
ut of scope. Included review

s that assessed current levels of consum
er dem

and (i.e., didn’t assess the im
pact of an intervention). 
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(a) D

id not assess an 

intervention 

effectiveness  

O
ut of scope. Studies investigating trends, correlations, and statistical m

odels of consum
ption w

ere generally not designed to determ
ine the im

pact of a specific intervention 

(unless a counterfactual experim
ental design w

as used). 

 (b) N
o relevant harm

ful 

products 

O
utside of scope. For exam

ple, assessed actions to increase positive consum
ption (e.g., of vegetables). 

 
(c) Targeted w

as not 

dem
and 

O
utside of scope. For exam

ple, assessed enforcem
ent action targeting supply, not dem

and, (e.g., custom
s seizure). 

(vii) 
N

o objective m
easure of 

consum
er dem

and  

O
ut of scope. Soft outcom

es such as know
ledge, attitude, belief, and intention to quit, w

hilst inform
ative and useful, often do not reflect actual behaviours and can lead 

researchers to overestim
ate the im

pact of interventions. 

(vii)  
R

ecord w
as redundant 

N
ot applicable. This included review

s: w
here later versions w

ere available that had superseded a previous review
 (e.g., C

ochrane Review
s); w

here the full text could not be 

located (n =
 7); or w

here the system
atic review

 failed to locate any studies m
eeting their respective inclusion criteria. W

hilst it is useful to know
 w

hat actions have been 

system
atically review

ed but found to have no evidence, for or against, such inform
ation w

as considered beyond the scope of the present review
. 

(viii) 
Education 

O
ut of scope. W

hilst an assessm
ent of the efficacy of form

al education program
s m

ay provide som
e useful insights for the present research question, w

e decided excluded this 

category since m
ost interventions w

ere generally targeted at children, and consum
ers of illegal w

ildlife products are m
ostly adults. Further, as the im

pacts of education 

program
s are usually not apparent for m

any years, w
e felt this research w

as of less im
m

ediate value to addressing the current consum
er dem

and for illegal w
ildlife products.  

(iix) 
G

roup-based 
N

ot applicable. M
any studies investigated how

 parents, fam
ilies, or com

m
unities, can help bring about behaviour change, such as to help adolescents to overcom

e drug 

addiction. W
hilst this approach could be interesting, the system

atic review
s in the literature focus predom

inantly on addictive behaviours, and thus w
ere deem

ed out of scope.  

Note. This criterion w
as applied at both screening phases (i.e., abstract and title; and full text). H

ow
ever, the decision to exclude Education (n =

 55) and G
roup-based (n =

 

9) interventions w
as m

ade just prior to full-text screening, hence w
hy the num

bers of papers excluded for these tw
o criteria w

ere not full-text screened. This is reflected in 

the PRISM
A

 flow
 chart diagram

.  
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Table S3 
Characteristics and Conclusions of Included System

atic Review
s 

  
R

eview
 

N
um

ber of 
Studies 

R
eview

 
Q

uality 
L

im
itations 

Intervention D
etails 

M
eta-

A
nalysis 

included? 

M
ain Findings - 

B
ehavioural O

utcom
es R

eported 

M
ass M

edia C
am

paigns 

  
C

arson-
C

hahoud 
et al., 
2017

28 

8 studies  
(7 controlled 
experim

ents 
&

 1 ITS) 

A
 

A
uthors note that although m

ajority 
studies w

ere R
C

Ts, all studies had a high 
risk of bias due to heterogeneity in study 
design, interventions, reporting and 
population being assessed. 

Im
pact of m

ass m
edia cam

paigns on 
preventing sm

oking, and several non-
behavioural m

easures (attitudes, intentions 
and know

ledge), in young people (up to 25 
years). 

N
o 

A
uthors found that only three of eight studies show

ed 
m

ass-m
edia cam

paigns w
ere effective in preventing 

sm
oking but the rem

aining five found no effect. A
uthors 

concluded that certainty about m
ass m

edia cam
paigns is 

very low
 due to inconsistent results, m

ethods, and study 
designs; and there it w

ould be unw
ise to offer firm

 
conclusions. M

ethodologically rigorous studies 
investigating the effects of m

ass m
edia interventions are 

needed as part of broad tobacco prevention cam
paigns. 

  
M

osdol et 
al., 2017

29 
Six studies  
(3 R

C
Ts, 2 

cluster R
C

Ts 
and one ITS) 

A
 

A
uthors note that all studies w

ere 
G

R
A

D
E assessed and rated to be very 

low
 quality. 

Im
pact of m

ass m
edia interventions on 

m
ultiple health behaviours including 

tobacco use, alcohol consum
ption, in ethnic 

m
inority populations. 

N
o 

A
uthors concluded that their confidence in the im

pact of 
m

ass m
edia cam

paigns is very low
. N

o studies reported 
on objective indicators of behaviour change and tw

o of 
three studies that m

easured self-reported changes found 
non-significant im

pacts. A
uthors conclude, based on 

three studies of m
oderate quality, com

pared to no 
intervention, m

ass m
edia interventions m

ay increase the 
num

ber of calls to sm
oking quit lines. 

  
A

llara et 
al., 2015

16 
19 studies (8 
R

C
Ts,)  

[N
 = 184 811] 

A
 

A
uthors note that studies w

ere 
considerably heterogeneous in the type of 
m

ass m
edia intervention, outcom

e 
m

easured, underlying theory, com
parison 

groups and designs. 

Im
pact of m

ass m
edia cam

paigns on 
reducing illicit drug consum

ption and the 
intent to consum

e in young adults (<26 
years). 

N
o 

A
uthors found their pooled analysis of eight studies 

show
ed no evidence of an effect on illicit drug use. They 

concluded that evidence paucity and inconsistency 
negated the ability to draw

 general conclusions about 
effectiveness. A

uthors advise caution in dissem
inating 

m
ass-m

edia cam
paigns to tackle drug consum

ption. 

 
B

ala et al., 
2017

6 
11 studies 

B
 

M
ost studies w

ere N
R

SIs. A
uthors note 

that all studies w
ere G

R
A

D
E assessed 

and rated to be very low
 quality. 

  

Im
pact of m

ass m
edia cam

paigns (e.g., 
television, new

spaper, radio) encouraging 
sm

okers to quit, on sm
oking behavior 

(tobacco cessation, sm
oking prevalence, 

and quit rates) in adults (>25years).  

N
o 

A
uthors conclude that com

prehensive tobacco control 
program

s that include m
ass m

edia cam
paigns m

ay 
change sm

oking behaviour in adults, but the evidence 
com

es from
 studies of variable quality and scale, m

aking 
it difficult to m

ake inferences of the im
pacts of the 

m
edia cam

paigns difficult 
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Trieu et 
al., 2017

3 
22 studies 
(4 R

C
Ts, 

m
ost are 

N
R

SIs) 
[N

 = 41, 448] 

B
 

M
ost studies w

ere N
R

SIs. 
Im

pact of public aw
areness cam

paigns, and 
cam

paigns com
bined w

ith health education, 
on reducing salt consum

ption. 

N
o 

B
ased on m

oderate-quality evidence, authors conclude 
that population-level interventions can reduce salt 
consum

ption. H
ow

ever, close analysis of higher quality 
studies show

s sm
all effect sizes and inconsistent results 

and thus public aw
areness, even w

hen com
bined w

ith 
health education, are unlikely to be adequate to reduce 
salt intake. 

  
W

erb et 
al., 2011

30 
11 studies  
(7 R

C
T, 4 

observational) 

B
 

D
id not assess the risk of bias for each 

individual study. 
Im

pact of public service announcem
ents—

com
m

ercials that provide advice or 
inform

ation—
on adolescent intention to use 

and self-reported use of illicit drugs. 

Y
es 

N
o studies reported long-term

 benefits and a m
eta-

analysis of R
C

Ts found no significant benefit.  A
uthors 

conclude that dissem
ination of anti-illicit drug public 

service announcem
ents (PSA

) m
ay have lim

ited im
pact. 

Further, they note that three R
C

T and one observational 
study found that anti-illicit drug PSA

s m
ay have 

undesired effects on anti-illicit drug-use norm
s am

ong 
targeted populations (e.g., increased intention to use).  

  
A

llen et 
al., 2015

31 
34 studies 

C
 

N
o R

C
Ts. R

isk of bias for individual 
studies not reported. 

Im
pact of anti-tobacco m

edia cam
paigns on 

youth cognitions related to tobacco, and 
sm

oking behaviour. 

N
o 

A
uthors concluded that there is strong evidence 

supporting the use of m
ass m

edia cam
paigns to reduce 

youth sm
oking. H

ow
ever, the authors w

ere unable to 
recom

m
end em

ploying cam
paigns w

ith social norm
s 

them
es due to insufficient evidence. 

  
D

urkin et 
al., 2012

32 
26 studies 

C
 

N
o R

C
Ts, study design varied. R

isk of 
bias w

as not assessed for individual 
studies. Interventions w

ere usually 
evaluated as part of a broad tobacco 
control program

. 

The im
pact of m

ass m
edia cam

paigns on 
prom

oting quitting am
ong adult sm

okers, 
and the effects of different m

essage types 
on adults sm

oking behaviour. 

N
o 

A
uthors concluded that the evidence provided further 

supports the need to incorporate m
ass m

edia cam
paigns 

into broader tobacco control policies to reduce sm
oking 

prevalence and increase quitting. A
uthors noted that 

effectiveness depends on cam
paign reach, intensity, 

duration and m
essages used. M

essages on health effects, 
and graphic im

agery and/or testim
onials appeared to 

outperform
 other m

essage types on a range of m
easures 

including quitting behaviour. 

  
Snyder et 
al., 2004

33 
21 studies  
(17 
cigarettes)  
&

 (4 A
lcohol) 

C
 

M
ost studies N

R
SIs. D

id not report the 
specific target subjects or study designs 
of individual studies. R

isk of B
ias no 

assessed for each included study. 

Im
pacts of m

ediated health cam
paigns in 

the U
nited States on changing m

ultiple 
behaviours including tobacco and alcohol. 

Y
es 

A
uthors conclude that m

ediated health cam
paigns have 

sm
all m

easurable effects on sm
oking and alcohol in the 

short term
. 
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Incentives 

  
C

orepal et 
al., 2018

34 
8 studies  
(6 R

C
Ts, 2 

C
ontrolled 

Trials) 

A
 

A
uthors note that due to sm

all num
bers 

of studies, sm
all sam

ple sizes, 
heterogeneity and variable quality of 
studies, the results should be interpreted 
w

ith caution. 

Im
pact of behavioural incentives (financial 

incentives and sm
oke free-class 

com
petition rew

ards if 90%
 of the class is 

not sm
oking) for reducing sm

oking in 
young people (5-18 years). 

Y
es 

A
uthors conclude that there w

as lim
ited evidence for 

effectiveness. O
nly one out of eight studies found a 

significant intervention effect in the short term
 (12 

w
eeks). 

 
M

antzari 
et al., 
2015

8  

39 R
C

Ts (9 
included in 3-
6 m

onth 
sm

oking 
cessation 
m

eta-
analysis) 

A
 

The authors note that only a sm
all 

num
ber of studies w

ere located and thus 
there w

as a lack of statistical pow
er for 

certain com
parisons. R

esults w
ere also 

lim
ited to 3-6 m

onths past the rem
oval of 

the intervention.   

The im
pact of financial incentives to 

achieve sustained reductions in sm
oking 

and alcohol consum
ption. 

Y
es 

A
uthors conclude that personal financial incentives can 

be effective in driving behaviour change, how
ever, the 

im
pacts on sm

oking cessation do not persist beyond 
three m

onths after the incentive is rem
oved and 

disappear after 6-m
onths.  

  
H

efler et 
al., 2017

35 
8 Studies 
(3 R

C
Ts &

 5 
C

ontrolled 
Studies) 

B
 

M
ajority of controlled trials w

ere not 
random

ised, thus, authors conducted a 
separate m

eta-analysis for R
C

Ts. 

Im
pact of incentives (contests, 

com
petitions, incentive schem

es, lotteries, 
raffles and contingent paym

ents) on 
reducing adolescent (5-18-years) cigarette 
consum

ption and sm
oking initiation. 

Y
es 

A
uthors conclude that the very lim

ited evidence 
available suggests that incentive program

m
es do not 

prevent sm
oking initiation am

ong adolescents. H
ow

ever, 
this w

as based on relatively few
 studies of variable 

quality. A
uthors note that there w

as insufficient 
inform

ation to assess w
hether the intervention reduced 

consum
ption. 

A
dvertising B

ans 

  
M

cN
eill et 

al., 2017
36 

51 studies  
(1 R

C
T)  

[N
 = 800,000] 

B
 

Found only one R
C

T, and only five 
studies assessing the im

pact on 
prevalence. A

uthors acknow
ledge this 

lim
itation. 

The im
pact of standardised tobacco 

packaging (plain packaging) in tobacco use 
uptake, cessation, and reduction. 

N
o 

A
uthors conclude that standardised packaging m

ay 
reduce cigarette consum

ption. A
uthors note that only one 

country, A
ustralia, had im

plem
ented this policy at the 

tim
e of the review

, thus evidence cam
e from

 only one 
large observational study (N

 = 700,000). 

  
Siegfried 
et al., 
2014

37 

4 studies  
(1 R

C
T; 3 

ITS) 

B
 

The review
 found only one R

C
T, the rest 

N
R

SI. H
ow

ever, the authors explicitly 
acknow

ledge this lim
ited generalisability. 

To evaluate the benefits, harm
s, or costs of 

restricting or banning alcohol advertising 
on alcohol consum

ption, com
pared to no 

restrictions or counter-advertising. 

N
o 

A
uthors found that the quality of evidence w

as very low
, 

and thus concluded they could not m
ake 

recom
m

endations for, or against, banning alcohol 
advertising. Im

portantly, authors advise governm
ents 

considering bans should do so in a research environm
ent 

to provide a quality evaluation of the im
pacts. 

  
H

ughes et 
al 2016

38 
4 studies 

C
 

A
uthors do not report sufficient details of 

study designs, especially vs control 
groups. A

uthors acknow
ledge that all 

four studies are of a low
 quality w

hich 
lim

its the generalisability of conclusions. 

Im
pact of plain packaging of tobacco 

products on cigarette consum
ption in low

-
incom

e countries 

N
o 

A
uthors conclude that there is insufficient evidence in 

low
-incom

e countries to draw
 firm

 conclusions. 
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M

oodie et 
al., 2012

15 
37 studies  
(1 R

C
Ts) 

C
 

Found only tw
o studies that used a 

random
ised controlled trial. R

em
aining 

studies designs not described in sufficient 
detail. 

Im
pact of plain packaging on cigarette 

consum
ption. 

N
o 

A
uthors conclude that the evidence for im

pact on 
sm

oking behaviour is m
ixed but tends to be supportive 

of plain packaging having a deterrent effect on sm
oking. 

  
C

apella et 
al., 2008

39 
50 Studies (27 
used in M

eta-
analysis) 

C
 

For included studies, authors did not 
report the risk of bias, the im

pact of 
heterogeneity, or sufficient details of 
each experim

ental design. 

Im
pact of either full or partial (e.g., only in 

broadcast m
edia) cigarette advertising bans 

on cigarette consum
ption. 

Y
es 

A
uthors conclude that their m

eta-analysis show
s that 

cigarette advertising bans do not have a significant effect 
on cigarette consum

ption. 

  
Q

uentin et 
al., 2007

40 
24 studies 

C
 

Studies w
ere all N

R
SIs. A

uthors did not 
assess the risk of bias for the included 
studies. A

uthors also don't describe study 
details in sufficient detail, quasi-
experim

ental, or control groups etc. 

Im
pacts of advertising bans on aggregate 

consum
ption of cigarettes or tobacco. 

N
o 

A
uthors found that 10 out of 24 studies found a 

statistically significant effect of full advertising bans on 
reducing aggregate cigarette consum

ption. A
uthors 

conclude that advertising bans have a narrow
 im

pact on 
consum

ptions but the acknow
ledge of lim

itations of 
draw

ing conclusions from
 tim

e-series data. 

Social-M
arketing 

  
Janssen et 
al., 2013

41 
6 Studies 

B
 

A
uthors w

ere unable to m
ake a causal 

assessm
ent because only 2 of 6 studies 

com
pared the intervention to a treatm

ent 
to control group. 

A
re interventions based on one or m

ore 
principles of social m

arketing effective at 
preventing alcohol consum

ption? 

N
o 

A
uthors concluded that the im

pact of applying social 
m

arketing on alcohol-related attitudes or behaviours 
could not be assessed, due to lack of quality studies. 

  
Stead et 
al., 2007

42 
35 

B
 

R
isk of bias w

as not system
atically 

assessed for each study. N
B

: M
ajority 

studies m
easured short term

 prevention 
in school settings. N

arrative analysis w
as 

effectively a vote-counting of the num
ber 

of statistically significant effects. 

A
re social m

arketing interventions—
application of com

m
ercial m

arketing 
strategies to the design of voluntary social 
interventions—

effective at reducing 
alcohol, tobacco, and illicit drug 
consum

ption? 

N
o 

A
uthors conclude that adopting social m

arketing 
principles could be effective across a range of 
behaviours. Social m

arketing interventions w
ere 

effective for: sm
oking cessation (9  out of 11 studies [7 

only w
eakly effective]);  illicit drug prevention ( 8 out of 

12  studies [<12 m
onths]  &

 2 out of 6  studies [1-2 
years]) ; and alcohol prevention (8 out of 15 [< 12 
m

onths) &
 4 out of 7 [1-2 years]). 

  
H

ung, 
2017

43 
48 Studies (56 
behavioural 
outcom

es)  
[N

 = 1,099] 

C
 

M
ostly N

R
SIs, and risk of bias not 

assessed for each study. 
A

re interventions developed through social 
m

arketing—
a system

atic planning process 
for applying com

m
ercial m

arketing 
strategies—

effective for changing health 
behaviours? 

Y
es 

The author concludes that interventions that used social 
m

arketing principles had a significant, but sm
all, effect 

at positively bringing about behaviour changes for 
sm

oking. H
ow

ever, they w
ere not found to be effective 

for alcohol consum
ption. 
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A

lm
esta-

hiri et al., 
2017

4 

8 studies 
(reporting 
sm

oking 
reduction) 

C
 

N
ot clear w

hich studies w
ere random

ized 
controlled trials, as study design w

as not 
reported, nor w

ere com
pelling reasons 

given for other form
s of evaluations. 

R
isk of bias w

as not assessed for each 
study. C

onclusions w
ere based on a m

ix 
of behaviours not all consum

ption.   
 

To w
hat extent are social m

arketing 
principles used in interventions targeting 
tobacco intake cessation and to classify 
social m

arketing inter- ventions into social 
m

arketing stream
s? 

  

N
o 

A
uthors conclude that social m

arketing interventions 
targeting tobacco cessation can be successful, noting 
im

pacts of social m
arketing on a range of consum

ption 
behaviours including prevalence, consum

ption, quit 
attem

pts, and sm
oking initiation. 

  
K

ubacki et 
al., 2015

5 
10 studies 
(reporting 
behavioural 
objectives for 
dem

and 
reduction). 

C
 

Study design and risk of bias w
as not 

assessed for each study. Interventions 
and outcom

es in insufficient detail w
ith 

no effect sizes reported. A
nalysis w

as 
effectively vote counting of num

ber of 
statistically significant effects. A

uthors 
com

bine dem
and reduction, harm

 
reduction, and soft indicators of 
behaviour change w

hen m
aking 

conclusions. 

This study sought to review
 social 

m
arketing interventions and their 

evaluations published betw
een 2000 and 

2014 to identify role and use of key 
elem

ents of social m
arketing interventions: 

N
o 

The authors report only if study outcom
es w

ere positive, 
negative, and/or had no effect. This m

inim
al, and often 

confusing, analysis show
ed m

ixed results. O
f all 10 

studies reporting on behavioural outcom
es of alcohol 

consum
ption: 6 w

ere positive, 1 w
as both positive and 

negative, 1 w
as both positive and had no im

pact, and 2 
had no effect. A

uthors conclude that social m
arketing 

w
as found to be largely effective. H

ow
ever, their 

conclusion w
as based on overall judgem

ent of im
pacts 

on consum
ption behaviour com

bined w
ith im

pacts on 
harm

 reduction, attitude, intentions, and even policy 
outcom

es.  

L
ocation B

ans 

  
Frazer et 
al., 2016

44 
17 
observational 
studies. N

o 
R

C
Ts 

A
 

The study found no R
C

Ts, although 
authors acknow

ledge these lim
itations. 

The im
pact of sm

oking bans in institutional 
settings (e.g., hospitals, prisons, &

 
universities) reduced active sm

oking rates 
(consum

ption). 

Y
es 

A
uthors conclude that settings-based sm

oking policies in 
hospitals, prisons, and universities reduced sm

oking 
rates. H

ow
ever, the authors note that the quality of 

evidence w
as low

, and this m
ore quality evidence is 

needed. 

 
M

onson &
 

A
rsenault, 

2017
45 

16 articles 
(before &

 
after 
longitudinal) 

B
 

R
C

Ts are unlikely to be feasible for this 
intervention, thus all studies w

ere N
R

SI 
longitudinal cohort studies.  Individual 
risk of bias w

as not reported, but study 
low

 quality w
as discussed as a lim

itation. 

The im
pacts of legislative bans on sm

oking 
in public areas on voluntary hom

e sm
oking 

behaviour. 

N
o 

A
uthors conclude that public sm

oke-free bans have an 
overall positive effect on reducing voluntary hom

e 
sm

oking. Included studies identified either positive 
effect or non-significant effect, and no studies reported 
an increase in sm

oking in the hom
e (displacem

ent of 
consum

ption). 

  
Frazer et 
al., 2016

46 
77 Studies 
(A

ll N
R

SIs - 
R

C
Ts not 

possible) 

B
 

A
uthors note that the nature of the 

intervention likely precludes R
C

Ts. 
To assess the effectiveness of legislative 
sm

oking bans (e.g., indoor or public bans) 
on sm

oking prevalence and tobacco 
consum

ption. 

N
o 

The A
uthor's review

 concluded that the im
pact of 

legislative sm
oking bans on reducing the num

ber of 
sm

okers and their consum
ption w

as inconsistent. 
H

ow
ever, they conclude that the evidence show

s that, at 
a national level, the intervention is effective at providing 
health benefits from

 reduced second-hand sm
oke. 
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B

ennett et 
al., 2017

47 
11 N

R
SIs 

(M
ajority 

cross-
sectional, 
m

inority 
longitudinal) 

C
 

A
ll N

R
SIs as R

C
Ts are unlikely to be 

feasible for this intervention. D
id not 

report risk of bias for included studies. 

The im
pact of college-level anti-sm

oking 
policies on students’ attitudes tow

ards 
sm

oking and sm
oking behaviour. 

N
o 

A
uthors found m

ixed results, and thus conclude that 
m

ore longitudinal studies are needed to better understand 
the role of college sm

oking policies on student sm
oking 

behaviour. The authors note that tw
o prom

ising 
longitudinal studies show

ed that college-level sm
oke 

free policies significantly reduced both sm
oking 

behaviour and attitudes. 

  
H

opkins et 
al 2010

48 
37 studies  
(A

ll before &
 

after cohort 
w

ith control 
group) 

C
 

A
ll studies w

ere N
R

SIs. R
isk of bias not 

reported, although authors state study 
quality w

as assessed. H
eterogeneity not 

statistically assessed or controlled. 
D

escriptions of individual studies w
ere 

not provided, although they w
ere 

sum
m

arised in som
e detail. 

The im
pact of sm

oke free policies (sm
oking 

bans at w
orksites or in public areas) on 

reducing tobacco use. 

Y
es 

A
uthors conclude that their results provide sufficient 

evidence that sm
oke free policies reduce tobacco 

consum
ption. H

ow
ever, w

e note that their results w
ere 

either not significant or less com
pelling w

hen they 
assessed only the m

ost suitable study designs. 

  
B

ell et al., 
2009

49 
16 N

R
SI  

(1 quasi-
experim

ental, 
3 cohort, 12 
cross-
sectional 
survey) 

C
 

M
ost studies relied on self-reported 

m
easures of tobacco consum

ption. N
o 

R
C

Ts, only quasi experim
ental design, 

and 3 cohort studies. R
isk of bias not 

assessed for individual studies, due to 
low

 quality of evidence. 

The im
pact of location sm

oking restrictions 
on cigarette consum

ption. 
N

o 
A

uthors conclude that sm
oking bans at w

orksites and 
hospitals can reduce overall cigarette consum

ption, but 
that the im

pact m
ay be uneven for different subgroups. 

For exam
ple, the interventions m

ay be m
ore effective for 

m
en, people w

ith college education, and those in higher 
socio-econom

ic status. A
uthors note that sm

oke-free 
legislation m

ay not autom
atically provide an incentive to 

quit or reduce consum
ption and m

ay have unintended 
consequences for som

e groups (e.g., displacem
ent). 

  
C

hapm
an 

et al 
1999

50 

19 studies 
C

 
A

uthors only searched one database 
(M

ED
LIN

E). B
ased results on N

R
SIs as 

R
C

Ts w
ere unlikely to be feasible for 

this intervention. D
espite conducting a 

pooled analysis, m
ethods did m

eet basic 
standards of a robust m

eta-analysis 
(hom

ogeneity, forest plots, report effect 
sizes etc) . 

Im
pact of sm

oke free w
orkplaces on 

cigarette consum
ption during w

ork hours. 
N

o 
A

uthors found that 18 of 19 studies reported reduction in 
daily sm

oking consum
ption during w

ork hours. A
uthors 

pooled the results of the six strongest research designs 
(prospective cohort studies w

ith pre and post 
m

easurem
ents) and estim

ated that sm
oke free w

orksites 
contributed to a reduction in the num

ber of cigarettes 
consum

ed in both A
ustralia (22.3%

) and the U
nited 

States (12.7%
).  

N
orm

 A
ppeals 

  
Prestw

ich 
et al., 
2016

51 

41 R
C

Ts  
[N

 = 17,445] 
A

 
 N

one identified. 
D

o changes in changes in norm
ative beliefs 

or m
ore broadly social influence (norm

ative 
beliefs &

 social support), engender changes 
in alcohol intake? 

Y
es 

A
uthors conclude that w

hilst social influences norm
ative 

beliefs (beliefs about how
 m

uch other people drink or 
approve of drinking) can be changed, even large changes 
in these beliefs are likely to engender only sm

all changes 
in alcohol intake. They conclude that to m

axim
ise 

reductions in drinking, social norm
s should be com

bined 
w

ith other interventions. 
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D

otson et 
al., 2015

52 
8 Studies 
(13 R

C
Ts)  

[N
 = 2,050] 

A
 

A
uthors not that studies had but sm

all 
sam

ples size and only 6 studies included 
in the m

eta-analysis. 

D
o personalised norm

ative feedback 
interventions, delivered via com

puters, 
reduce alcohol consum

ption in college 
students? 

Y
es 

A
uthors conclude that personalised norm

ative feedback 
had a sm

all, but clinically relevant, im
pact on reducing 

college student drinking (approxim
ately 3 few

er drinks 
per w

eek). R
esults w

ere sim
ilar for both gender-neutral 

&
 gender specific norm

s. 

  
Foxcroft et 
al., 2015

53 
66 R

C
Ts  

(k = 59) 
A

 
 N

one identified. 
D

oes correcting m
isperceptions about peer 

alcohol consum
ption (social norm

) reduce 
alcohol consum

ption com
pared to control 

groups (such as no intervention or 
education)? 

Y
es 

A
uthors conclude that social norm

 interventions had 
significant effects, albeit w

ith sm
all effect sizes, of social 

norm
 interventions on both drinking frequency and 

quantity. A
lthough they found no substantive benefits for 

the prevention of alcohol m
isuse.  

R
isk / H

ealth W
arnings 

 
C

larke et 
al., 2020

7 
12 R

C
Ts 

A
 

A
lthough m

ajority studies w
ere R

C
Ts, 

authors noted that the certainty of 
evidence w

as a G
R

A
D

E assessed to be 
low

, because the m
ajority of studies w

ere 
assessed be at risk of bias, and m

ost did 
not use real products or conduct trials in 
the field.  

The im
pact of health w

arning labels on 
selection of unhealthy food and drink 
products.  

Y
es 

A
uthors conclude that heath w

arning labels have 
significant potential for decreasing the selection of 
unhealthy food and drink products. H

ow
ever, they note 

that all experim
ental studies to date had been conducted 

in the laboratory or online setting w
ith outcom

es 
assessed only after a single exposure.  

  
Sheeran et 
al., 2014

54 
209 R

C
Ts 

(239 
com

parisons) 

A
 

O
ne review

er noted that details of the 
study sam

ples w
ere not reported in the 

publication. H
ow

ever, this lim
itation w

as 
m

inor, since the authors note that they 
coded for subject characteristics and 
using m

eta-regression found that it did 
not m

oderate the im
pact of the behaviour.  

D
oes heightening elem

ents of risk appraisal 
(risk perceptions, anticipatory em

otions, 
anticipated em

otions, perceived severity) 
change intentions and behaviour? If so, are 
the im

pacts stronger w
hen and coping 

(response efficacy &
 self-efficacy) is also 

heightened? 

Y
es 

O
verall, heightening risk appraisals had an im

pact, albeit 
generally sm

all, on behaviour. Elem
ents of risk 

perceptions com
bined to influence outcom

es. C
rucially, 

risk appraisal effects w
ere largest w

hen coping 
appraisals (self-efficacy and response efficacy) w

ere also 
heightened. Im

pacts for individual behaviours w
ere 

found to be significant for sm
oking, but not for alcohol 

consum
ption. 

  
N

oar et al., 
2016

55 
37 R

C
Ts 

B
 

D
id not assess the risk of bias for each 

included study 
Text and im

age health w
arning labels on 

cigarette packages 
Y

es 
A

uthors state only one study, M
alouf et al 2012, reported 

the im
pact on behaviour and found no difference in 

num
ber of cigarettes sm

oked for im
age vs text 

intervention. H
ow

ever, authors also analysed tw
o 

studies, Thrasher 2007 &
 Thrasher 2011, on w

illingness-
to-pay, but recorded these as intention. H

ow
ever, these 

designs are m
ore objective than indicated by the review

, 
as involve real m

oney and real spending am
ounts, and 

found that pictorial w
arnings w

ere m
ore effective overall 

than text only. 
  

A
ppendix V

I —
 Supplem

ent for C
hapter 6: R

educing dem
and for overexploited w

ildlife products

302 



[Supplem
ental M

aterial —
 Reducing Dem

and for O
verexploited W

ildlife Products]  
25 

  
Tannenbau
m

 et al., 
2015

56 

127 
experim

ental 
studies (248 
independent 
sam

ples) 

B
 

A
uthors did not assess the risk of bias for 

individual included studies. *N
B

 
A

ssum
edly, the authors controlled for 

risk of bias by only including highly 
controlled experim

ental designs. A
uthors 

note results m
ay have low

 external 
validity in natural settings. 

Persuasive m
essages that attem

pt to arouse 
fear by em

phasising the potential danger 
and harm

 that w
ill befall an individual if 

they do not adopt the recom
m

endations of 
the m

essage. 

Y
es 

A
uthors conclude that fear appeals w

ere effective at 
positively influencing behaviours, in all but very few

 
circum

stances, and did not identify any circum
stances 

under w
hich they backfire or lead to undesirable 

outcom
es. 

 

  
M

onarrez-
Espino et 
al 2014

24 

21 studies  
(5 R

C
Ts) 

B
 

M
ajority N

R
SIs. The authors note that 

the m
ethodological heterogeneity of 

studies w
as so large that tw

o articles 
could seldom

 be com
pared w

ith one 
another. Such differences also extended 
to behavioural m

easurem
ent, study 

design, population, and statistical 
analysis. 

Effect of pictorial health w
arnings on 

cigarette packages on sm
oking behaviour 

N
o 

A
uthors conclude that the evidence for, or against, the 

im
pact of pictorial health w

arnings on sm
oking 

behaviour w
as insufficient, largely due to the difficulty 

in dem
onstrating the sustained effectiveness of 

behaviour change interventions. H
ow

ever, they note the 
available evidence indicates that pictorial w

arnings have 
a m

odest (relative to other interventions) effect on 
behaviour.  
  

  
Peters et 
al., 2013

57 
13 R

C
Ts 

B
 

A
uthors did not explicitly assess the risk 

of bias for individual included studies. 
*N

B
 A

ssum
edly, the authors controlled 

for risk of bias by only including highly 
controlled experim

ental designs. 

Severity based on threatening 
com

m
unication accom

panied by efficacy 
m

anipulations (i.e., help enable the target 
audience to actively take steps to avoid 
harm

 outlined by the threat). 

Y
es 

A
uthors found threatening com

m
unication w

ere only 
effective under high self-efficacy. 
 

  
N

oar et al 
2016

58 
32 N

R
SIs 

(longitudinal 
observational) 

C
 

O
nly longitudinal observational studies, 

m
ost w

ithout control groups.  
D

id not assess the risk of bias for each 
included study. 

Im
pact of a strengthening health w

arning 
labels on cigarette packages, w

hich 
includes im

provem
ents to text and/or 

pictorial w
arnings, increasing the size of the 

w
arnings. 

N
o 

A
uthors conclude that strengthened cigarette pack 

w
arnings w

ere associated w
ith longitudinal (average 

study duration w
as over 12 m

onths) increases in 
cessation-related behaviours (Q

uitline calls, quit 
attem

pts, short-term
 cessation) and reductions in 

sm
oking behaviour. 

 
  

Scholes-
B

alog et 
al., 2012

59 

10 N
R

SI  
(all self-
report, all 
cross-
sectional in 
design, except 
one 
longitudinal 
study) 

C
 

B
ased on self-reported questionnaire data 

from
 cross-sectional study designs 

D
id not assess the risk of bias for each 

included study 
A

cknow
ledged that heterogeneity in 

study design and reported outcom
es lim

it 
the generalizability of findings 

Im
pact of alcohol w

arning labels on 
beverages, on adolescent consum

ers 
N

o 
A

uthors conclude that alcohol w
arning labels w

ere not 
associated w

ith changes in self-reported risky alcohol 
use am

ongst adolescents. 

Note.  W
hen system

atic review
s provided inform

ation on experim
ental design of included studies, w

e provide this inform
ation using the follow

ing abbreviations: 
R

C
T = R

andom
ised control trial; ITS = Interrupted tim

e series; N
R

SI = N
on-random

ised studies of interventions; BA
 = Before/after; L = Longitudinal; O

bs = O
bservational. W

e also 
included secondary outcom

es for non-behavioural m
easures of intervention success (also called “soft-indicators”) such as attitude, intention, and know

ledge. 
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Table S4 
Sum

m
ary of Effect sizes for M

eta-A
nalyses 

 
H

arm
ful 

Product 
R

eview
 

O
utcom

e M
easured  

[N
um

ber of Participants] 
N

um
ber 

of Studies 
E

ffect Size 
E

rror 
K

ey D
etails (Specific action; R

isk of bias; L
im

itations etc) 

M
ass M

edia C
am

paigns 

  
Illicit 
drugs 

A
llara et al., 

2015
16 

Im
pact of m

ass m
edia 

cam
paigns on reducing 

drug use [N
 = 5,470] 

5 R
C

Ts 
Standardized M

ean 
D

ifference (SM
D

) = 
-0.02 

95%
 C

I [-
0.15 to 0.12] 

U
pdate of a previous C

ochrane R
eview

. A
uthors not heterogeneity in 

intervention type, outcom
e m

easure, underlying theory, com
parison group, 

and design contributed to variability in results.  

  
Illicit 
drugs 

W
erb et al., 

2019
30 

Im
pact of Im

pact of public 
service announcem

ent on 
self-reported illicit drug use 
[N

 = ±1,018] 

4  
W

eighted m
ean 

difference =
 -0.04 

95%
 C

I [-
0.06 to -
0.01] 

Effect statistic used not specified. N
ot clear 'how

 intention to use' w
as 

m
easured, assum

ed to be self-report. 

  
Tobacco 
&

 
A

lcohol 

Snyder et 
al., 2004

33 
Im

pact of m
edia cam

paigns 
on various sm

oking 
behaviours [N

= 79,629] 

17 
r = -0.05 

SD
 = .03 

Statistical significance not reported. Problem
atically com

bined m
ultiple 

different sm
oking behaviours (sm

oking, sm
okers, quitting, cessation) 

Incentives 

  
Tobacco 

C
orepal et 

al., 2018
34 

Im
pact of incentives on 

sm
oking  

[N
 = 8,881] 

8 
O

dds R
atio (O

R
) 

= 0.80 
95%

 C
I 

[0.65 to 
0.98] 

M
ostly self-reported sm

oking consum
ption, but 3 studies used a m

ore 
objective urine test. O

nly one sm
all study (n=7; K

rishnan-Sarin et al., 2006) 
found a significant effect. 

 
Tobacco 

M
antzari et 

al. 2015
8 

Im
pact on sm

oking cessation at 
>3-6 m

onths 
9 R

C
Ts 

O
dds R

atio (O
R

) = 
1.31 

95%
 C

I 
[0.90 to 
1.90] 

Im
pact of financial incentives on sustained changes in sm

oking cessation 3 
m

onths after incentive rem
oval.  A

uthors also conducted other m
eta-analyses 

by tim
e intervals and found incentives w

ere effective for sm
oking cessation up 

to 18-m
onths, and up to 3 m

onths after incentives ceased, but not beyond.  

  
Tobacco 

H
efler et al., 

2017
35 

Im
pact of incentives on 

sm
oking initiation  

[N
 = 3,056] 

3 R
C

Ts 
R

R
 = 1.00 

95%
 C

I 
[0.84 to 
1.19] 

Sm
oking initiation m

easured at final follow
 up. 

A
dvertising B

ans 

  
Tobacco 

C
apella et 

al., 2008
39 

Im
pact of advertising bans 

on cigarette consum
ption  

N
ot 

provided 
r = -0.02 

95%
 C

I [-
.04 to 0] 

Sm
oking initiation m

easured at final follow
 up. 

Social-M
arketing 

  
Tobacco 

H
ung, 

2017
43 

Im
pact of social m

arketing 
interventions on sm

oking 
abstinence  

14 
  

H
edge's g = -0.18 

 
95%

 C
I [ 

[-.27 to -
0.10] 
 

M
ostly not R

C
Ts, no assessm

ent of risk of bias. For Figure 2, w
e did not 

convert H
edge's g as insufficient inform

ation w
as provided, although w

e 
estim

ate that is likely to be nearly identical to C
ohen's d. A

uthors found the 
effect of social m

arketing on reducing alcohol consum
ption w

as not 
statistically significant. 
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 L
ocation B

ans 

  
Tobacco 

Frazer et al., 
2016

44 
Im

pact of a sm
oking bans 

in hospital settings on 
sm

oking rates [N
 = 5,986] 

 

8 
R

isk ratio (R
R

) = 
0.75 

95%
 C

I 
[0.69 to 
0.81] 

 A
uthors rated the evidence base as low

 quality and called for m
ore robust 

studies assessing evidence for sm
oking bans and policies.  

  
Tobacco 

H
opkins et 

al., 2010
48 

Im
pact of sm

oke free 
policies on absolute 
prevalence of tobacco use 

21 
M

edian difference 
in use prevalence -
3.4%

 
 

Interquart
ile 
interval  
(-6.3 to -
1.4) 

A
uthors note that results w

ere non-significant w
hen assessed only m

ost 
suitable designs. 

  
Tobacco 

C
hapm

an et 
al., 1999

50 
Im

pact of sm
oke free 

w
orkplaces on m

ean 
reduction in daily cigarette 
consum

ption [N
 = 824] 

6 
3.5 less cigarettes 
(20.7%

) 
N

ot 
provided. 

B
ased on pre and post prospective cohort studies of self-reported daily 

w
orkplace cigarette consum

ption. Significance w
as not reported (although 

im
plied via text). 

N
orm

 A
ppeals 

  
A

lcohol 
Prestw

ich et 
al., 2016

51 
Im

pact of change in 
positive change in 
norm

ative belief (of g = 
0.33) on reducing alcohol 
consum

ption  
[N

 = ±15,600] 

35 
B

 = -.20 
 

SE
 = 0.08, 

95%
 C

I  
[-0.35 to -
0.04] 

N
B

: R
esult w

ere only significant after one outlier study w
as rem

oved. 
 

  
A

lcohol 
D

otson et 
al., 2015

52 
Im

pact of personalised 
norm

ative feedback on 
drinking [N

 = 2,050] 

6 
d = -0.29 

95%
 C

I [-
0.42 to -
0.16] 

A
uthors note that all studies w

ere conducted in N
orth A

m
erica. 

  
A

lcohol 
Foxcroft et 
al., 2015

53 
Im

pact of social norm
 

appeals on quantity of 
alcohol consum

ed after 4+ 
m

onths [N
 = 20,696] 

31 
SM

D
 = -0.08 

95%
 C

I [-
0.12 to - 
0.05] 

Evidence quality w
as rated using G

R
A

D
E as M

oderate, noting lim
itations in 

design, im
plem

entation, and blinding. 

R
isk / H

ealth W
arnings 

  
Tobacco 

Sheeran et 
al., 2014

54 
Im

pact of heightening risk 
appraisal on sm

oking 
behaviour [N

 = 1,508] 

14 
d = -0.11 

95%
 C

I [-
0.21 to -
0.003] 

These results are problem
atic because the authors com

bined targeting harm
ful 

consum
er dem

and (e.g., sm
oking and alcohol consum

ption) w
ith behaviours 

not relevant to the present review
 (e.g., encouraging a healthy diet and 

exercise) 
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Tobacco 

N
oar et al., 

2016
55 

Im
pact of pictorial health 

w
arnings on incentivised 

w
illingness to pay (W

T
P) 

for cigarettes [N
 = 580] 

2 R
C

T
s 

d = -0.26  
(standardized 
m

ean difference) 

95%
 C

I [-
0.50 to -
0.02] 

N
B

. N
oar et al. (2016) list the w

illingness-to-pay auction as m
easuring 

intention, but in our experience, this is m
ore of an objective m

easure of 
dem

and than self-report. 

  
Tobacco 
&

 alcohol 
Tannenbau
m

 et al., 
2015

56 

Im
pact of fear appeals on 

desired change in 
com

bined behaviour 

70 
 

d = -0.27 
95%

 C
I [-

0.42 to -
0.13] 

R
esults are som

ew
hat problem

atic, because the authors com
bined studies 

targeting harm
ful consum

er dem
and (e.g., sm

oking and alcohol consum
ption) 

w
ith behaviours not relevant to the present review

 (e.g., encouraging a healthy 
diet and exercise). A

uthors found sim
ilar results for assessm

ents of attitudes 
and intentions.  

  
Tobacco 

Peters et al., 
2013

57 
Im

pact of threatening 
com

m
unication on desired 

change in com
bined 

behaviours (including 
sm

oking) w
hen self-

efficacy high 

6 
d = -0.31 

C
I not 

provided, 
although 
authors 
state,  
p = 0.036 

R
esults are som

ew
hat problem

atic, because the authors com
bined studies on 

sm
oking behaviour w

ith other behaviours not relevant to the present review
 

(e.g., condom
 use and vaccination) 

Note. This table reports on the raw
 effect-sizes reported by each system

atic review
 containing m

eta-analysis. N
ote that for Figure 2. In the m

ain m
anuscript all effect 

sizes not provided in Cohen’s d w
ere converted as such, provided there w

as sufficient inform
ation to m

ake this transform
ation. Study design and participant sam

ple 

size w
as not alw

ays provided against specific effect sizes, hence for several m
eta-analyses they are not reported here. Effect-sizes that w

ere found to be statistically 

significant are highlighted in Bold text. 
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