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Abstract

Emerging zoonoses are a prominent global health threat. Human beliefs are central to driv-

ers of emerging zoonoses, yet little is known about how people make inferences about risk

in such scenarios. We present an inductive account of zoonosis risk perception, suggesting

that beliefs about the range of animals able to transmit diseases to each other influence how

people generalize risks to other animals and health behaviors. Consistent with our account,

in Study 1, we find that participants who endorse higher likelihoods of cross-species disease

transmission have stronger intentions to report animal bites. In Study 2, using real-world

descriptions of Ebola virus from the WHO and CDC, we find that communications conveying

a broader range of animals as susceptible to the virus increase intentions to report animal

bites and decrease perceived safety of wild game meat. These results suggest that induc-

tive reasoning principles may be harnessed to modulate zoonosis risk perception and com-

bat emerging infectious diseases.

Introduction

Emerging infectious diseases are major economic and public health concerns. A majority of

such diseases are of zoonotic origin [1, 2]. Drivers of emerging zoonoses include consumption

of wild game meat, livestock grazing practices, and adverse contact with animals through bites

and handling of carcasses [3, 4]. For all of these drivers, human-animal interaction plays a crit-

ical role in disease emergence, and thus investigating the factors that influence human risk per-

ception is critical to prevention of future pandemics. However, the factors that determine how

people reason about zoonosis risks and generalize such knowledge to novel scenarios remain

under studied [5].

Research on zoonosis risk perception has uncovered a number of person-level factors and

beliefs that influence people’s perceptions of zoonosis risk and their intentions to take preven-

tative measures. Like other areas of risk perception in public health [6], people’s perception of
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zoonotic risks and their efforts to take preventative behaviors are influenced by their percep-

tions of personal vulnerability, disease severity, self-efficacy with respect to taking appropriate

preventative measures, and perceived response efficacy of the behavior [7, 8]. Other work has

focused more exclusively on demographic variables and beliefs associated with specific dis-

eases, disease reservoirs, and risky behaviors in at risk populations (for review and commen-

tary, see [9]) without connecting these into a broader theoretical or psychological framework

[7]. For example, a recent study of risk perception in Ghana found that people are aware of

bats as reservoirs of Ebola and other zoonoses, but are less interested in factors that may

mitigate their risks such as post-exposure prophylaxis, washing fruits, or controlling the bat

population [10]. Other recent work has found age, gender, and urbanization to influence per-

ceptions of bat risk and intentions to eat bats [11].

The focus of most zoonosis risk perception research on person-level variables and knowl-

edge or beliefs about specific diseases raises the question of how people generalize knowledge

about diseases to novel scenarios. Indeed, when dealing with diseases that are novel, or new to

a particular region or group, inferences that people make about possible reservoirs, protective

behaviors, and personal risk may largely be governed by their knowledge of completely differ-

ent diseases. Likewise, knowledge about particular reservoirs or safety practices often needs to

be generalized to novel animals because health communications rarely enumerate the full

range of susceptible animals or drivers. Thus, in order to effectively manage zoonosis risk,

individuals often need to generalize their knowledge to make inferences about how their previ-

ous experiences and beliefs apply in unknown situations.

Although not a focus of zoonosis risk perception research, how people generalize informa-

tion to novel scenarios is a main area of inductive reasoning research in cognitive psychology.

Inductive reasoning is the practice of generalizing beliefs or knowledge from previous experi-

ences and known examples to novel situations. For example, in terms of zoonosis risk percep-

tion, people may reason inductively from their past experience or knowledge that because

dogs can catch rabies and transmit it to humans, cats and other mammals may be susceptible

to rabies as well. Likewise, in terms of perceptions of Ebola risk, people who know that bats are

reservoirs for Ebola may wonder about the risks associated with other small mammals (e.g.,

rodents) or even animals that share a superficial similarity (e.g., having wings), such as storks.

A hallmark of inductive reasoning research is that knowledge about one species of animal, for

example, can influence beliefs about very different animals [12–14].

Despite there being little research on generalization in the zoonosis risk perception litera-

ture, there has been some evidence to suggest that people’s beliefs about one type of animal

can influence their beliefs about different species. For example, one recent study found that

survey respondents were more likely to report dog bites if they knew that bats could transmit

rabies to humans [15]. These results are surprising from the perspective of current zoonosis

risk perception frameworks—people’s inferences about the risks posed by one species (dogs)

appear to be influenced by their knowledge of a completely different species (bats). However,

the idea that people may generalize knowledge about bats to other mammals is anticipated by

cognitive research on inductive reasoning.

Bingham et al.’s [15] finding that knowledge about one animal (bats) can affect beliefs

about risks associated with other animals (dogs) may be partly accounted for by two cognitive

principles from research on how people make inductive inferences: premise number and prem-
ise diversity [13, 14]. According to the premise number principle, people are more confident in

inferences that apply to a large number of category members [16, 17]. For example, partici-

pants told that lions and giraffes use norepinephrine as a neurotransmitter will tend to judge

rabbits as more likely to use norepinephrine than those told that only lions or giraffes do so. In

terms of zoonosis risk, knowing that multiple mammals can transmit a disease to humans may
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increase the perceived likelihood of humans contracting that disease from another animal’s

bite. According to the premise diversity principle, people find inferences sound to the extent

that they are known to hold for a wider range of category members [18, 19]. For example, par-

ticipants told that lions and giraffes use norepinephrine as a neurotransmitter will tend to

judge a generalization to rabbits as stronger than participants told that lions and tigers use nor-

epinephrine as a neurotransmitter. In terms of zoonosis risk, knowing that both dogs and bats

can transmit rabies may increase perceptions of human risk because they are often viewed as

very different members of the mammal category.

Although premise number and diversity are plausibly related to the previous observations

surrounding bite reporting intentions, research on inductive reasoning has not been extended

to work on risk perception in health or real-world decision making about health behaviors.

Indeed, basic research on induction often focuses on the underlying cognitive mechanisms by

abstracting beyond applications in any particular domain. Moreover, people’s risk perceptions

and judgments of infectious disease contagion have been studied through a psychological lens

[20–24], but, like a majority of zoonosis perception research, these studies have focused on

person-level knowledge, affective reactions, and cultural influences on transmission beliefs

rather than fine-grained inductive principles related to generalization of risk and contagion

beliefs.

In the present work, we test two specific hypotheses from our theory that inductive reason-

ing principles influence zoonosis risk perception. First, consistent with the aforementioned

rabies study, individual differences in perceived human risk from animal contact should be

associated with individual differences in beliefs about interspecies disease transmission. Sec-

ond, communications depicting disease transmission to humans from a wider range of species

should increase perceptions of risks posed by other animals and the perceived human risk of

contact.

Study 1

The goal of Study 1 was to examine whether intentions to report animal bites are associated

with beliefs about interspecies disease transmission. Specifically, based on the premise number

principle, we hypothesized that individuals who endorse stronger likelihoods of disease trans-

mission between a number of different animal species would be more likely to generalize this

risk to humans and thus perceive greater risks from animal bites. To test this hypothesis, we

conducted a survey measuring intentions to report bites from a number of common mammals

and birds along with judgments of interspecies disease transmission likelihood for a fictitious

novel disease.

Methods

Participants were 289 adults recruited from Amazon’s Mechanical Turk between May 18, 2015

and May 26, 2015 to participate in a cross-sectional study on inductive reasoning (See Table 1

for demographics and Fig 1 for recruitment diagram). Mechanical Turk is an online crowd-

sourcing platform that has become popular as a recruitment tool for social and cognitive psy-

chology studies [24, 25] and clinical research [26]. The online survey was available to Mechani-

cal Turk workers in the following countries where English is the primary language: USA,

Australia, Canada, Great Britain, Ireland, New Zealand, and the Bahamas. Participants self-

selected based on an advertisement offering $2 compensation for completing a survey entitled

“Texas Tech Animal Categories 1.” Eligibility criteria listed in the advertisement included

being at least 18 years of age, being able to write and speak English fluently, and not having

completed the study previously. The survey was described as investigating how people reason
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Table 1. Demographic characteristics in Studies 1 and 2.

Study 1

N (%)

Study 2

N (%)

Respondentsa

Complete 289 (94.5) 152 (93.8)

Incomplete 20 (6.5) 10 (6.2)

Age

Range 19–75 19–68

Median 31 32

Mean (SD) 33.5 (10.2) 34.1 (9.5)

Sex

Male 159 (55.0) 75 (49.3)

Female 130 (45.0) 76 (50.0)

Prefer not to say 0 (0) 1 (< .1)

Sexual Orientation

Straight or heterosexual 260 (90.0) 137 (90.1)

Gay or homosexual 7 (2.4) 4 (2.6)

Bisexual 15 (5.2) 8 (5.3)

Other 3 (1.0) 1 (< .1)

Prefer not to say 5 (1.4) 2 (1.3)

Political Orientation

Very liberal 61 (21.1) 22 (14.5)

Somewhat liberal 101 (34.9) 59 (38.8)

Neither 71 (24.6) 29 (19.1)

Somewhat conservative 45 (15.6) 32 (21.1)

Very conservative 11 (3.8) 10 (6.6)

Ethnicity

Asian 7 (5.9) 15 (9.9)

Black 11 (3.8) 9 (5.9)

Hispanic 20 (6.9) 2 (1.3)

Native American or Alaskan Native 3 (1.0) 1 (< .1)

White 233 (80.6) 121(79.6)

Other 4 (1.4) 3 (2.0)

Prefer not to say 0 (0) 1 (< .1)

Education

Some middle 0 (0) 0 (0)

Some high-school 19 (6.6) 15 (9.9)

Some college 117 (40.5) 49 (32.2)

College degree 116 (40.1) 67 (44.1)

Some graduate 12 (4.2) 8 (5.3)

Pet Owner

Yes 212 (73.4) 128 (84.2)

No 77 (26.6) 24 (15.8)

Consumes meat 13 (8.6)

Yes - -b 144 (94.7)

No - - 8 (5.3)

Wild game meat consumptionc

< Once per week - - 136 (89.5)

1–2 per week - - 5 (3.3)

(Continued )
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about categories, such as animals, objects, activities, scenes, or foods. The advertisement had a

link that redirected interested participants to the survey hosted on Qualtrics. The first page of

the survey contained an information sheet with additional details about the study, potential

risks, confidentiality, and contact information for the PI. Participants decided whether or not

to participate by reading the information sheet and proceeding with the study. Agreement to

participate was recorded based on whether the participant proceeded beyond the information

sheet. Written consent was not required due to exempt classification and the low risk and

anonymous online nature of the survey data. The consent process and study protocols were

approved by the Institutional Review Board of Texas Tech University. Participants were

excluded from all analyses if they closed the survey prior to its end. All survey materials, analy-

ses, and data are available at http://osf.io/4r79f

Table 1. (Continued)

Study 1

N (%)

Study 2

N (%)

3–4 per week - - 2 (1.3)

5–6 per week - - 1 (< .1)

Every day - - 0 (0)

aRespondent percentages are n / total participants, including incomplete data. All other percentages are n /

participants who completed the study.
bDashes reflect that Study 1 did not ask about meat consumption.
cWild game consumption percentages add to less than 100% because vegetarians (5.3%) were not asked

that question.

https://doi.org/10.1371/journal.pone.0186969.t001

Fig 1. Recruitment diagram. Excluded participants are those who exited the survey window prior to its completion.

https://doi.org/10.1371/journal.pone.0186969.g001

Zoonosis risk perception

PLOS ONE | https://doi.org/10.1371/journal.pone.0186969 November 8, 2017 5 / 21

http://osf.io/4r79f
https://doi.org/10.1371/journal.pone.0186969.t001
https://doi.org/10.1371/journal.pone.0186969.g001
https://doi.org/10.1371/journal.pone.0186969


Questionnaire design. The study materials consisted of an electronic survey containing

sections on demographics, bite reporting intentions, and species-to-species disease transmis-

sion beliefs. Demographics questions included sex, sexual orientation, ethnicity, education

level, language(s) spoken, and pet ownership.

In the bite reporting section, participants were asked to judge their likelihood of reporting

bites from various target animals to a health professional. Participants were told that a health

professional could include anything from a doctor or a nurse to a health advice hotline. Partici-

pants judged likelihood of reporting for each animal using a slider that could be adjusted in

units of 1 from 0–100. The numeric scale also included descriptive labels (Very Unlikely,

Unlikely, Somewhat Unlikely, Undecided, Somewhat Likely, Likely, and Very Likely) presented

above the slider to facilitate consistent use of the scale. Mammal and bird reporting were pre-

sented in a random order on separate pages. Mammals included dogs, skunks, monkeys, bats,

and squirrels. Birds included grackles, swans, robins, blue jays, and peacocks.

The species-to-species disease transmission beliefs section employed the same sliding scales

as the bite reporting section, but participants were asked to rate the likelihood of between-ani-

mal disease transmission for a hypothetical new disease. For each question, participants were

told, “Scientists discover that a new disease can infect the liver tissue of [premise animal]. How

likely is it that this disease can infect the following animals: [conclusion animals]?” The conclu-

sion animals were listed on separate lines with individual scales (0–100) after the premise

prompt. Premise animals included bats, dogs, skunks, monkeys, grackles, blue jays, swans, pea-

cocks. Conclusion animals included bats, dogs, skunks, monkeys, squirrels, grackles, robins,

blue jays, swans, and peacocks. Fewer premise animals were used than conclusion categories

so that less time would be required to complete the survey and to reduce participant attrition.

Animals only appeared as conclusion categories when they were not the premise animal.

Premises were presented in a random order on separate pages.

Statistical analysis. Our primary goal was to test how mean intentions to report bird and

mammal bites related to beliefs about mammal-to-mammal, bird-to-bird, and between bird

and mammal disease transmission. To this end, we calculated subject means for each of these

variables. Cronbach’s αwas used to test whether responses to different mammal and bird ques-

tions were reliable within subjects, which is a prerequisite to averaging across the individual

questions. To test how mean bite reporting measures were associated with mean beliefs about

interspecies disease transmission, we present the associations using Kendall’s tau (τ), a non-

linear correlation appropriate for ordinal data. However, the results are qualitatively identical

with standard linear correlations.

To test whether mean bite reporting and interspecies disease transmission varied across

any of the animal species, we used linear mixed effects models, implemented in R’s nlme pack-

age [27]. Random effect terms included random intercepts and random species effects for par-

ticipants. Omnibus F-tests were used to assess whether there was significant variance between

species on any measure, which were followed by paired samples t-tests to reveal the direction

of the effects. Effect sizes for the F-tests are reported as partial eta-squared, and effect sizes for

the t-tests are reported as Cohen’s d.

To test whether any demographic variables influenced the primary associations reported

above, we ran a series of multiple linear regression models examining whether the effect of

between bird and mammal disease transmission ratings on bird bite reporting or mammal-to-

mammal disease transmission ratings on mammal bite reporting varied as a function of the

following demographics: age, sex, pet ownership, education, and political orientation. We did

not test ethnicity and sexual orientation as potential moderators because of the low number of

respondents who were non-white or non-heterosexual. Likewise, because of low numbers of

respondents in many categories for education, we coded education as a binary factor based on

Zoonosis risk perception
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whether the respondent had received a college degree (0 = No college degree, n = 136; 1 = Col-

lege degree, n = 153). For political orientation, we treated the spectrum from liberal to conser-

vative as a linearly spaced continuous variable.

Results

Intentions to report mammal and bird bites were highly reliable within person (Mammals:

Cronbach’s α = 0.86; Birds: α = 0.95), as were judgments of interspecies disease transmission

(Mammal-to-mammal: α = 0.96; Bird-to-bird: α = 0.97; Between birds and mammals:

α = 0.99). Nonetheless, linear mixed effects models revealed that intentions to report bites

varied considerably between different animal species [Mammals: F(4,1152) = 111.1, p< .001,

ηp
2 = 0.28; Birds: F(4,1152) = 35.23, p< .001, ηp

2 = .11; Fig 2A] and ratings of interspecies dis-

ease transmission varied between the different premise types [mammal-to-mammal, bird-to-

bird, between birds and mammals; F(2,576) = 356.3, p< .001, ηp
2 = 0.55; see Figs 3 and 4 for

individual premise effects]. Intentions to report bites were stronger for mammals than for

birds [t(288) = 27.06, p< .001, d = 1.59], and diseases were rated as more likely to be transmis-

sible within mammals or birds than between mammals and birds [Mammal-to-mammal vs.

between birds and mammals, t(288) = 18.77, p< .001, d = 1.10; Bird-to-bird vs. between birds

and mammals, t(288) = 23.42, p< .001, d = 1.38]. Consistent with previous research suggesting

bats are viewed as similar to both mammals and birds [28], bats were rated as more likely to

be susceptible to diseases from birds [t(288) = 13.42, p< .001, d = 0.79] and less likely to be

susceptible to diseases from mammals [t(288) = 7.03, p< .001, d = 0.41] than were other

mammals.

For our primary hypotheses about the association between interspecies disease transmis-

sion judgments and bite reporting intentions, we found that individual differences in endorse-

ment of bird-to-bird and mammal-to-mammal disease transmission were both positively

associated with individual differences in intentions to report mammal bites [Mammal-to-

mammal: Kendall’s τ = .147, p< .001 (Fig 2B); Bird-to-bird: τ = .140, p< .001; Between birds

and mammals: τ = .009]. Consistent with the premise number principle, endorsing greater

likelihood of interspecies disease transmission was associated with stronger intentions to

report mammal bites. For bird bites, only ratings of disease transmission between birds and

mammals were associated with reporting intentions [Mammal-to-mammal τ = .043, Bird-to-

bird τ = .077, Between birds and mammals τ = .219, p< .001 (Fig 2C)]. Coupled with weaker

intentions to report bird bites overall, these results suggest that participants may only judge

birds as risky (in terms of zoonosis) to the extent they believe birds and mammals can share

diseases.

Exploratory analysis of demographic moderators. For the relationship between mam-

mal bite reporting and mammal-to-mammal disease transmission, there were no moderating

effects of age [F(1,285) = 0.13, p = .72, ηp
2 = .0005], sex [F(1,285) = 0.77, p = .38, ηp

2 = .003],

pet ownership [F(1,285) = 0.0002, p = .99, ηp
2 < .0001], or political orientation [F(1,285) =

2.55, p = .11, ηp
2 = .009]. However, there was a marginally significant moderating effect of edu-

cation, F(1,285) = 3.12, p = .079, ηp
2 = .01, whereby the slope relating mammal-to-mammal

disease transmission beliefs and mammal bite reporting was larger for those with a college

degree (B = 0.16 for those with a college degree vs. B = 0.08 for those without). This result

should be interpreted with caution given the large number of moderators tested; however, it

suggests the relationship between mammal-to-mammal disease transmission beliefs and mam-

mal bite reporting may increase with education.

For the relationship between bird bite reporting and bird-to-mammal disease transmission,

we did not find any significant moderating effects of age [F(1, 285) = 0.67, p = .42, ηp
2 = .002],

Zoonosis risk perception
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Fig 2. Intentions to report animal bites and associations with transmission ratings. (A) Intentions to

report animal bites. (B) Association between intentions to report mammal bites and mammal-to-mammal

disease transmission ratings. (C) Association between intentions to report bird bites and between bird and

mammal disease transmission ratings. Error bars reflect 95% within-subject confidence intervals.

https://doi.org/10.1371/journal.pone.0186969.g002
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sex [F(1,285) = 0.68, p = .41, ηp
2 = .002], pet ownership [F(1,285) = 1.01, p = .32, ηp

2 = .004],

education [F(1, 285) = 0.38, p = .53, ηp
2 = .001], or political orientation [F(1, 285) = 1.50,

p = .22, ηp
2 = .005].

Discussion

The results of Study 1 suggest that inductive reasoning principles underlie people’s percep-

tions and generalizations of zoonosis risk. The greater the perceived likelihood of interspecies

disease transmission, the more individuals generalized this risk to humans by expressing

Fig 3. Subjective probabilities of bird disease transmission. Subjective probabilities of disease transmission between

each premise animal and conclusion animal for bird premise categories. Graphs are separated by premise category. The

bars reflect different conclusion categories. Thus, the first bar in the first graph is the mean perceived likelihood of a blue

jay disease being transmitted to a dog. Error bars represent 95% confidence intervals calculated from separate linear

mixed effects models examining how species-to-species disease transmission beliefs varied for each of the premise birds.

https://doi.org/10.1371/journal.pone.0186969.g003
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stronger intentions to report animal bites. However, because the results are correlational, it is

difficult to infer the causal direction between the beliefs about interspecies disease transmis-

sion and bite reporting. It is possible, for example, that both interspecies disease transmission

and bite reporting ratings are influenced by a common underlying factor, such as individual

differences in beliefs about contagion [29] or risk attitudes [30]. Moreover, because the

results examine individual differences, it is not clear whether such inductive reasoning prin-

ciples could be harnessed to influence people’s beliefs about the risks associated with animal

contact.

Fig 4. Subjective probabilities of mammal disease transmission. Subjective probabilities of disease transmission

between each premise animal and conclusion animal for mammal premise categories. Graphs are separated by premise

category. The bars reflect different conclusion categories. Thus, the first bar in the first graph is the mean perceived

likelihood of a dog disease being transmitted to a squirrel. Error bars represent 95% confidence intervals calculated from

separate linear mixed effects models examining how species-to-species disease transmission beliefs varied for each of the

premise mammals.

https://doi.org/10.1371/journal.pone.0186969.g004
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Study 2

The goal of Study 2 was to experimentally test whether it is possible to influence people’s per-

ceptions and generalizations of zoonosis risk through framing communications to convey a

greater range of animals as being susceptible to a disease. As a case study, communications

about Ebola virus vary in terms of how they describe the range of susceptible animals. The

Center for Disease Control’s (CDC) factsheet [31] lists contact with fruit bats and nonhuman

primates (apes and monkeys) as sources of human Ebola infection. Contrastingly, the World

Health Organization’s (WHO) factsheet [32] lists chimpanzees, gorillas, fruit bats, monkeys,

forest antelope, and porcupines. According to the premise diversity principle, the WHO’s

factsheet should lead to stronger perceptions of Ebola risk from animal contact because it

lists a broader range of animals as sources of human Ebola infection. In Study 2, to test

whether communications with higher premise diversity would lead to stronger generalization

to other animals that were not listed and greater perceptions of human risk, we gave partici-

pants two different communications about Ebola derived from the WHO and CDC fact-

sheets. These communications were tailored from the published factsheets to control all

other differences.

Method

Participants were a new sample of 152 adults from the same Mechanical Turk population as

described in the previous study, recruited for the experiment between March 10, 2016 and

March 18, 2016 (see Table 1 for demographics and Fig 1 for recruitment diagram). All recruit-

ment procedures, incentives, and inclusion criteria were the same as in the previous study. The

first page of the survey contained an information sheet with additional details about the study,

potential risks, confidentiality, and contact information for the PI. Participants decided

whether or not to participate by reading the information sheet and either proceeding with the

study or leaving the study site. Agreement to participate was recorded based on whether the

participant proceeded beyond the information sheet. Written consent was not required due to

the exempt classification and the low risk and anonymous online nature of the survey data.

The consent process and study protocols were approved by the Institutional Review Board of

Texas Tech University. Participants were excluded from all analyses if they left the survey prior

to its end. All survey materials, analyses, and data are available at http://osf.io/4r79f.

Experimental design. The study materials consisted of an electronic survey containing a

demographics section, an experimentally manipulated reading prompt about Ebola derived

from the online CDC and WHO factsheets, an Ebola susceptibility section, a bite reporting

intentions section, and a meat safety section. Demographics questions were the same as in

Study 1, except for additional questions about meat consumption. Participants reporting that

they eat meat were asked additional questions on how often they eat meat, how often they

would like to eat meat, and how often they eat wild game meat. If participants answered that

they wanted to eat a different amount of meat than they currently do, they were further asked

to rate how much personal appearance, ethics, environment, health, spouse’s desires, cost,

availability, and taste impacted this discrepancy.

For the reading prompt, participants were given the following description about Ebola and

asked to fill in a blank box by detailing the animals mentioned in the description:

The Ebola virus causes an acute, serious illness which is often fatal if untreated. Ebola virus
disease (EVD) first appeared in 1976 in 2 simultaneous outbreaks, one in what is now, Nzara,
South Sudan, and the other in Yambuku, Democratic Republic of Congo. The latter occurred
in a village near the Ebola River, from which the disease takes its name. Ebola is introduced
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into the human population through close contact with the blood, secretions, organs, or other
bodily fluids of infected animals such as [animal 1], [animal 2], [animal 3], and [animal 4].

The animals listed in the description (animals 1–4) were experimentally manipulated

between participants. Participants were randomly assigned to read either a CDC-inspired set

of animals (fruit bats, gorillas, monkeys, and chimpanzees; n = 81) or a WHO-inspired set of

animals (fruit bats, monkeys, forest antelope, and porcupines; n = 70).

To verify that these prompts did indeed differ in their premise diversity, we had a separate

group of subjects (N = 53) from the same Mechanical Turk population provide pairwise simi-

larity judgments between each of the premise categories [13]. Consistent with our expecta-

tions, participants judged the CDC prompt animals to be significantly more similar to each

other (i.e., less diverse), t(52) = 14.56, p< .001.

Next participants completed the Ebola susceptibility questionnaire. For each question,

participants were asked, “How likely is it that [animal] can get Ebola?” (1 = Very Unlikely,

7 = Very Likely). Animals included both mammals and birds: bats, monkeys, zebras, meerkats,

anteaters, giraffes, gazelles, storks, flamingos, cranes, vultures, and parrots.

Next participants completed the bite reporting questionnaire. For the bite reporting ques-

tionnaire, participants were told to “imagine that you are on a safari and get bitten by an ani-
mal, but the bite just barely breaks the skin” when considering whether they would report a bite

to a health professional. Each question asked them to rate, “How likely would you be to report
being bitten by a [animal]?” (1 = Very Unlikely, 7 = Very Likely).

Last, participants completed the meat safety questionnaire. For the meat safety question-

naire, participants were asked to rate, “How safe you think it is for people in general to eat meat
from each animal” (1 = Very Unsafe, 7 = Very Safe) and to “consider only immediate health risks
from disease transmission.”

Statistical analysis. Our primary goal was to test whether mean generalization of Ebola

susceptibility to birds and mammals, mean bite reporting, and mean meat safety were

affected by the wording condition (WHO or CDC-inspired). To this end, we calculated sub-

ject means for each of these variables. Cronbach’s α was used to test whether responses to dif-

ferent mammal and bird questions were reliable within subjects, which is a prerequisite to

averaging across the individual questions. We used independent samples t-tests to evaluate

whether the mean variables differed across wording conditions, with effect sizes reported as

Cohen’s d.

To test whether mean Ebola susceptibility, bite reporting, and meat safety varied across any

of the animal species, we used linear mixed effects models, implemented in R’s nlme package

[27]. Random effect terms included random intercepts and random species effects for partici-

pants. Omnibus F-tests were used to assess whether there was significant variance between

species on any measure, which were followed by paired samples t-tests to reveal the direction

of the effects. Effect sizes for the F-tests are reported as partial eta-squared, and effect sizes for

the t-tests are reported as Cohen’s d.

In addition to our primary analysis, we tested whether the effect of word condition on bite

reporting and meat safety measures was mediated by increases in generalization of Ebola sus-

ceptibility. To this end, we followed the traditional Baron and Kenney [33] steps for mediation

using multiple linear regression. A non-parametric bootstrapping procedure was used to test

the significance of the indirect pathways between the wording condition and reporting/safety

measures via the Ebola susceptibility measures [34].

To test whether any demographic variables influenced the primary associations reported

above between our outcome variables (bite reporting for mammals and birds, and meat safety)

and wording condition (CDC and WHO), we ran a series of multiple regression analyses using
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the same statistical procedures, demographic variables, and variable coding as described for

Study 1.

Results

The results were consistent with predictions based on the premise diversity principle. Partici-

pants in the WHO (diverse) wording condition (fruit bats, monkeys, antelopes, and porcu-

pines) rated individual mammals as more susceptible to Ebola [t(150) = 3.70, p< .001, d = 0.6;

Fig 5A], were more likely to report mammal bites [t(150) = 2.83, p = .005, d = 0.46; Fig 5B],

and perceived mammal meat as less safe [t(150) = 2.66, p = .009, d = 0.43; Fig 5C]. Because

some of the animal premises (monkeys and bats) were included in both prompts, and thus the

effect of condition may have a reduced effect on ratings of these animals, we used linear mixed

effects models to test whether there were interactions between condition and animal for each

of our ratings. There was a significant interaction for the effect of wording condition on sus-

ceptibility ratings [F(6,900) = 9.38, p< .001, ηp
2 = .06], whereby the effect of condition was not

significant for bats and monkeys [t(150) = .1, d = 0.02] but was significant for animals that

were not included in the instructions [t(150) = 3.88, p< .001, d = 0.63]. There were qualita-

tively identical interactions between wording condition and mammals for bite reporting and

meat safety [Bite reporting: F(6,900) = 8.58, p< .001, ηp
2 = .05; Meat safety: F(6,900) = 5.74,

p< .001, ηp
2 = .04].

The WHO (diverse) wording condition also increased perceptions of birds’ susceptibility to

Ebola [t(150) = 2.06, p = .040, d = 0.33] but did not significantly increase intentions to report

bird bites [t(150) = 1.10, d = 0.18] or lower perceptions of meat safety [t(150) = 1.28, d = 0.21].

Like ratings of mammal susceptibility to Ebola, there was a significant interaction [F(4,600) =

5.76, p< .001, ηp
2 = .04], whereby there was no effect of condition for vulture susceptibility rat-

ings [t(150) = 0.19, d = 0.03], but there was an effect for other birds [t(150) = 2.55, p = .01,

d = 0.42]. This was not expected a priori and may have to do with vultures’ tendency to eat car-

rion, making perceptions of their overall exposure to Ebola higher. This interaction was also

Fig 5. Study 2 results. (A) Perceived susceptibility of animals to Ebola. (B) Intentions to report animal bites (C) Perceived

meat safety. Error bars reflect 95% within-subject confidence intervals.

https://doi.org/10.1371/journal.pone.0186969.g005
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present for bite reporting, F(4,600) = 4.06, p = .003, ηp
2 = .03, but did not reach significance for

meat safety ratings, F(4,600) = 1.95, p = .10, ηp
2 = .01.

In addition to our primary tests of the effect of wording condition, we used linear regres-

sion to test whether the effect of wording condition on bite reporting and perceptions of meat

safety was mediated by its effect on Ebola susceptibility ratings [33]. First, we found that

Ebola susceptibility ratings were significantly associated with bite reporting and meat safety

perceptions for both mammals and birds, even after taking into account the effect of wording

condition [Mammal bites: standardized b = 0.47; t(149) = 6.40; p< .001; Mammal meat:

standardized b = -0.43; t(149) = 5.67, p< .001; Bird bites: standardized b = 0.51; t(149) = 7.23,

p< .001; Bird meat: standardized b = -0.45; t(149) = 6.01, p< .001)]. Next, we found that

including Ebola susceptibility in the regression model with the effect of wording condition

made the effect of condition non-significant for all models [Mammal bites: b = 0.18; t(149) =

1.20; Mammal meat: b = -.18; t(149) = -1.16; Bird bites: b = .009; t(149) = 0.063; Bird meat:

b = -0.06; t(149) = 0.43], suggesting that the effects of condition on meat safety and bite

reporting were fully mediated by the effect of the different wordings on participants’ percep-

tions of Ebola susceptibility. A bootstrapping procedure was used to test whether the indirect

pathways between condition and bite reporting and condition and meat safety ratings

through perceptions of Ebola susceptibility were significantly different from zero [34].

None of the 95% bias-corrected confidence intervals included zero, suggesting that there

were significant indirect pathways between wording condition and bite reporting and meat

safety for both mammals and birds [Mammal bite reporting: 0.27, bias-corrected 95% CI (0.12,

0.49); Mammal meat safety: -0.25, bias-corrected 95% CI (-0.46, -0.11); Bird bite reporting:

0.17, bias-corrected 95% CI (0.003, 0.348); Bird meat safety: -0.15, bias-corrected 95% CI

(-0.334, -0.012)]. Altogether, these analyses suggest that the effect of wording condition

increased perceptions of disease transmission risk (through bites or wild game meat) by

increasing the diversity of animals participants believe to be susceptible to Ebola.

Exploratory analysis of demographic moderators. For the relationship between the

mammal outcome measures (bite reporting and meat safety perception) and wording condition

(WHO vs CDC), we did not find any significant moderating effects of age [Bites: F(1,148) =

0.04, p = .84, ηp
2 = .0003; Meat: F(1,148) = 0.50, p = .48, ηp

2 = .003], sex [Bites: F(1,148) = 0.005,

p = .94, ηp
2 < .0001; Meat: F(1,148) = 1.68, p = .20, ηp

2 = .01], pet ownership [Bites: F(1,148) =

0.11, p = .74, ηp
2 = .0007; Meat: F(1,148) = 1.07, p = .30, ηp

2 = .007], education [Bites: F(1,148) =

0.76, p = .38, ηp
2 = .005; Meat: F(1,148) = 0.18, p = .67, ηp

2 = .001], or political orientation [Bites:

F(1,148) = 1.28, p = .26, ηp
2 = .009; Meat: F(1,148) = 0.001, p = .97, ηp

2 < .0001].

For the relationship between the bird outcome measures (bite reporting and meat safety

perception) and wording condition (WHO vs CDC), we did not find any significant moderat-

ing effects of age [Bites: F(1,148) = 0.007, p = .93, ηp
2 < .0001; Meat: F(1,148) = 0.054, p = .82,

ηp
2 = .0004], sex [Bites: F(1,148) = 0.01, p = .90, ηp

2 = .0001; Meat: F(1,148) = 0.88, p = .35,

ηp
2 = .005], pet ownership [Bites: F(1,148) = 0.09, p = .76, ηp

2 = .0006; Meat: F(1,148) = 1.14,

p = .29, ηp
2 = .008], or political orientation [Bites: F(1,148) = 0.13, p = .72, ηp

2 = .009; Meat:

F(1,148) = 0.04, p = .83, ηp
2 = .0003]. Education was a significant moderator of the relationship

between bird bite reporting and wording condition, F(1,148) = 4.13, p = .04, ηp
2 = .027, but

was not a significant moderator of meat safety and wording condition, F(1,148) = 0.52, p = .47,

ηp
2 = .004. Specifically, for individuals with college degrees, there was no difference between

the WHO and CDC conditions in bird bite reporting intentions [WHO = 5.24; CDC = 5.44;

t(86) = 0.56, p = .57]. However, bird bite reporting intentions were stronger in the WHO than

the CDC condition for people without college degrees [WHO = 5.93; CDC = 4.97; t(62) = 2.09,

p = .04]. Although these results are tentative given the large number of moderators tested, they
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may reflect a use of background knowledge that Ebola is not known to affect birds in the more

highly educated group.

General discussion

Results from both studies indicate that cognitive research on induction and generalization

may be used to help combat emerging zoonoses. Although rarely studied in a cognitive frame-

work within the zoonosis literature, humans’ inferences about risk are central to their interac-

tions with potential disease vectors. We found that cognitive principles related to premise

number and diversity impact individuals’ perceptions of zoonotic disease transmission risk

and associated health behaviors. To the extent that people believe that it is possible for many

diverse species to transmit diseases to one another, they generalize these risks to other species

and become more wary of their own risk of infection from adverse contact with animals and

consumption of animal meat.

An experiment based on CDC and WHO Ebola virus factsheets further revealed that induc-

tive reasoning principles can be harnessed to increase perceptions of disease risk and generali-

zation to animals not listed in the original communication. Through such cognitive framing

strategies, it may be possible to reduce adverse contact with animals and increase rapid report-

ing of potential disease exposure. Such interventions may be particularly useful for communi-

ties in remote areas that are difficult to reach with other interventions. These results have the

potential to contribute to the recent One Health initiative goals of identifying low-cost strate-

gies for reducing emerging disease risk before outbreaks occur [35, 36].

The present results have implications for how public health practitioners approach zoonosis

risk perception, particularly in terms of how communications and public health bulletins are

crafted. As we found here, conveying a larger number or range of species as a potential source

of a disease may increase the perception that other animals not listed could also transmit the

disease, and may also increase the perceived human risk of contact. Although this seems like it

may be desirable, there are cases where such generalizations and increases in human risk per-

ception may not be a goal of public health communications. For example, one potential con-

cern about increased perceptions of risk is that people may retaliate or behave negatively

toward known reservoirs of diseases, such as bats [9]. This retaliation can have negative eco-

logical and human impacts, as many species, like bats, may be associated with high zoonosis

risk but also play central roles in agriculture as pollinators or help reduce zoonosis risk as regu-

lators of mosquito populations [37]. Thus, communications need to be crafted in a way that

encourages appropriate response to zoonotic threat, and should not be automatically aimed at

promoting the strongest generalization to other species or humans without appropriate con-

sideration of the potential downsides of such generalizations.

A key question for future research is how public health communications can incorporate

knowledge of inductive reasoning strategies to increase risk perception in specific species.

Here we focused on how perceived risk of animal contact (via bites and game meat consump-

tion) related to beliefs about disease transmission and susceptibility that averaged over differ-

ences amongst species. However, not all animals are associated with the same zoonosis risk,

and it will be important to understand how to tailor communications to impact species selec-

tively. For example, bats have a strong association with emerging zoonosis [4, 38, 39], and in

some cases it may be useful to tailor messages to focus on bats specifically. Although bats were

associated with high levels of intended bite reporting and were perceived as being unsafe to

eat, participants also may have underestimated the risks bats pose to other wildlife. Indeed,

participants rated disease transmission risk between bats and other mammals as lower than for

more typical (flightless) mammals. Because wildlife-livestock interactions are a major driver of
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emerging zoonosis [40], this finding suggests that people may underestimate the risk of graz-

ing wildlife near bat habitats.

Cognitive research on inductive reasoning offers potential strategies to encourage generali-

zation to specific species that we are actively pursuing in follow-up research. One such strategy

is to manipulate the similarity between premise (animals described as having a disease) and

conclusion categories (animals we want people to generalize to). Research suggests that people

generalize knowledge from known categories to new categories on the basis of perceived simi-

larity [13, 14]. For example, people may generalize more from cattle to horses, because they are

perceived as similar, than they will between lions and horses, which may be perceived as dis-

similar. Consistent with this premise-conclusion similarity principle, public health communi-

cations should include animals that are similar to the animals they would like the public to

generalize to. For example, as mentioned above, livestock can be a major source of novel zoo-

noses, and public health officials may be able to increase the extent to which producers gener-

alize risk to specific livestock by enumerating a larger range and number of livestock that are

described as sources of infection.

Another way to study more pathogen or animal-specific generalizations is to probe, in

greater depth, people’s concepts of specific zoonotic diseases to see how their representations

impact the generalizations they make. Although not aimed at investigating generalization per

se, one recent study examined children’s concepts of intestinal parasites by examining their

drawings of the parasites [41], and how these drawings related to later performance on a test of

preventative practices. In addition to giving a window into potential misconceptions about a

disease, drawings may provide information about what types of generalizations people will

make. For example, Rivero, et al., [41] found that some children drew oral or skin-based acqui-

sition routes, which may be indicative of which routes are most salient to the child. Salience of

particular acquisition routes may ultimately influence which preventative activities people

engage in. Likewise, features of the host (animal or human) may give information on how they

will generalize susceptibility to novel hosts. For example, do people who depict animal hosts

(e.g., dogs) make stronger generalization of disease susceptibility to similar animals? Future

research may benefit from including drawings of zoonotic diseases or transmission routes to

understand how the features that people (adults and children) depict and emphasize in their

drawings influence generalization.

The samples for our studies were drawn from a population of workers from Mechanical

Turk, a crowd-sourcing platform that has become a key source of data for social [24] and cog-

nitive psychology [25] experiments, as well as clinical populations [26]. Based on recapture

methods, this population has been estimated to contain approximately 7,300 unique individu-

als for any given psychology lab, which leave and are replaced at a rate of approximately half

per 7 months [42]. As with more basic cognitive reasoning experiments, we believe this popu-

lation is useful for studying how the lay public may generalize knowledge and beliefs about dis-

ease risks in novel scenarios, in part because many likely have little experience with Ebola or

zoonoses in general. However, this population differs from the samples used in many epidemi-

ological studies of zoonosis risk perception, which tend to focus on populations who have

higher risks for specific zoonotic diseases given their occupation, geographical region, or other

demographic variables. Given this difference between our samples and more commonly stud-

ied samples in zoonosis risk perception, it will be critical for future research to further examine

whether individual risk level, occupation, or other demographic variables may moderate the

effect of inductive reasoning principles on risk perception. We anticipate that people’s per-

sonal experience with zoonosis, as opposed to pure risk level per se, may strengthen the rela-

tionship between beliefs and health intentions. Indeed, in the broader attitudes and public

health literatures, many associations between attitudes and behaviors are modest in the general
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population and much stronger in groups with direct experience [43, 44]. Thus while many

people in the Mechanical Turk population likely do not have direct experience with the Ebola

virus or zoonoses in general, we would expect relationships between attitudes and health

intentions to be even stronger among individuals who do.

Beyond personal experience with a particular zoonotic pathogen, we also expect that occu-

pational variables may impact how people generalize zoonotic disease risks to humans and

other animals. Basic heuristics like premise number and diversity are commonly used in mem-

bers of the general population with little knowledge or experience with a given category [45–

47]. Experts, on the other hand, may use more causal knowledge about the local ecology or

epidemiological or biological models to reason about disease risk. For example, when judging

whether a fish disease may spread to other species, expert fisherman are more likely than

novices to use ecological knowledge about a species’ role in the food chain to generalize per-

ceived risk [45]. Therefore, we expect that experts, depending on their occupation, may use

direct causal knowledge about a disease more often than simple inductive heuristics when rea-

soning about risks in novel scenarios. Indeed, given there is currently no evidence of birds’

susceptibility to Ebola [48], we expect that veterinarians and public health experts with stron-

ger biological backgrounds would, at the very least, use this knowledge when judging how

announcements, like the WHO and CDC prompts we used in Study 2, generalize to birds. In

short, we would expect some experts to discount the possibility that a stork bite would cause

Ebola based solely on their knowledge of stork biology and Ebola epidemiology. Consistent

with this prediction, while not experts per se, we did find that the effect of wording condition

on bird bite reporting intentions was smaller for those with a college degree in Study 2, poten-

tially reflecting use of background knowledge about bird’s susceptibility to Ebola. However,

in Study 1, having a college degree was associated with a marginally stronger relationship

between mammal-to-mammal disease transmission and mammal bite reporting, suggesting

those with higher levels of knowledge do not wholly abandon basic inductive heuristics. It will

be important for future work on zoonosis risk perception to further investigate potential dif-

ferences in inductive generalizations between specific occupational groups and novices by

including questions measuring occupational experts’ generalization to novel or different spe-

cies, pathogens, or prophylactic behaviors on surveys.

Although we expect expert occupational groups to vary from our Mechanical Turk popula-

tion in terms of their application of basic inductive heuristics, it is also important to consider

how the present results may generalize to populations with lower rates of education. Indeed,

our population was highly educated (approximately half of both samples had received college

degrees), which is roughly consistent with populations targeted by communications in West-

ern countries and in Bingham et al.’s [15] dog bite reporting study that inspired our work.

However, many populations affected by zoonoses, and Ebola in particular, have lower rates of

education. Given use of inductive reasoning heuristics like premise diversity begin to emerge

in children during the elementary school years [49, 50], we anticipate that the present results

will generalize to populations with lower levels of education. However, because many induc-

tive reasoning theories are based off of research with fairly homogeneous groups of North

American and European participants, it will be important to continue to test how the present

results generalize to populations with different demographic profiles. For example, beyond

education, we expect that some cultures with rich connections with their natural environments

may rely, in certain contexts, on their ecological knowledge and beliefs when making generali-

zations, in much the same way that experts tend to rely more on causal reasoning than novices

do [51, 52].

The present research is primarily aimed at using principles from cognitive psychology

research on induction to inform research on how people generalize zoonosis risk. Although

Zoonosis risk perception

PLOS ONE | https://doi.org/10.1371/journal.pone.0186969 November 8, 2017 17 / 21

https://doi.org/10.1371/journal.pone.0186969


here we are concerned with a specific application of cognitive theory, the current results may

have implications for basic psychological research on contagion as well. The law of contagion is

a prominent social psychology construct that describes people’s tendencies to believe that nega-

tive (and positive) properties, including diseases and social ills, can be transmitted to objects or

people through mere contact [18, 53]. Current theories of sympathetic magical thinking often

make distinctions between the law of contagion and the law of similarity, a separate construct

that describes the belief that objects with shared surface features also share deeper common

essences (e.g., leading to disgust with fudge shaped like dog feces, and beliefs that voodoo dolls

can affect the people they resemble [54]). The present results suggest that the laws of contagion

and similarity may not be fully separate, and similarity-based effects may influence perceptions

of contagion. Indeed, theories suggest that inductive reasoning principles like premise number

and diversity can increase generalization of properties (such as disease susceptibility) via simi-

larity-relationships between known and novel/unknown examples. For example, the diverse

prompts in our second experiment may have increased perceptions of Ebola susceptibility by

increasing the likelihood that the unknown examples would match the known examples in

some respect. A major question in cognitive psychology is how different respects [55] in which

items can be similar (e.g., sharing the same category [13], matching surface or internal proper-

ties [56, 57], or playing the same or complementary roles in a causal-relational system [58])

impact generalization of novel/unknown properties. Although our data do not distinguish

between these different candidate theories for similarity-based transfer of contagion, the results

are suggestive that beliefs about contagion can be transferred via such similarity relationships.

The present results also inform basic research on induction. Although research on zoonosis

risk and general judgments of health risk suggest that individual differences and person-level

demographic variables influence perceptions of risk [6–8], both health behaviors and individ-

ual differences in general have largely been ignored in cognitive psychological approaches to

induction. To understand the influences of induction on real-world public health scenarios

like zoonosis risk, it will be important to combine insights from more applied domains with

cognitive research. Indeed, in both of our studies, individual differences played a role in gener-

alization. For example, in the second study, individual differences in beliefs about interspecies

disease transmission mediated the effect of condition on bite reporting and meat safety judg-

ments. For birds, these associations were significant even when the main effect of wording

condition was not. These results suggest that, in domains like disease transmission, there are

key individual difference factors in risk perception that research on induction has not yet

taken into account. Given that the paradigm we have developed reveals both psychometrically

robust individual differences in health behavior intentions and strong effects of experimental

manipulations, the present studies offer model paradigms that future experiments may use to

further investigate person-by-situation interactions involving inductive reasoning principles

such as premise number and diversity.

In conclusion, emerging diseases from animals pose a substantial public health threat, yet

little is known about how people judge risks associated with different drivers of zoonoses and

generalize their knowledge to facilitate inferences in novel situations. The present studies illus-

trate that basic cognitive principles related to inductive reasoning not only impact individuals’

perceptions of disease risk and associated health behaviors, but also can be harnessed for tai-

loring messages to modulate people’s perceptions of risks associated with emerging zoonoses.

Author Contributions

Conceptualization: Tyler Davis, Micah B. Goldwater, Molly E. Ireland, Nicholas Gaylord,

Jason Van Allen.

Zoonosis risk perception

PLOS ONE | https://doi.org/10.1371/journal.pone.0186969 November 8, 2017 18 / 21

https://doi.org/10.1371/journal.pone.0186969


Data curation: Tyler Davis.

Formal analysis: Tyler Davis, Molly E. Ireland.

Investigation: Tyler Davis.

Methodology: Tyler Davis, Micah B. Goldwater, Molly E. Ireland, Nicholas Gaylord, Jason

Van Allen.

Project administration: Tyler Davis.

Resources: Tyler Davis.

Supervision: Tyler Davis.

Visualization: Tyler Davis.

Writing – original draft: Tyler Davis, Micah B. Goldwater, Molly E. Ireland, Nicholas Gay-

lord, Jason Van Allen.

Writing – review & editing: Tyler Davis, Micah B. Goldwater, Molly E. Ireland, Nicholas Gay-

lord, Jason Van Allen.

References

1. Jones KE, Patel NG, Levy MA, Storeygard A, Balk D, Gittleman JL, Daszak P. Global trends in emerg-

ing infectious diseases. Nature. 2008 Feb 21; 451(7181):990–3. https://doi.org/10.1038/nature06536

PMID: 18288193

2. Taylor LH, Latham SM, Mark EJ. Risk factors for human disease emergence. Philosophical Transac-

tions of the Royal Society of London B: Biological Sciences. 2001 Jul 29; 356(1411):983–9. https://doi.

org/10.1098/rstb.2001.0888 PMID: 11516376

3. Daszak P, Cunningham AA, Hyatt AD. Emerging infectious diseases of wildlife—threats to biodiversity

and human health. Science. 2000 Jan 21; 287(5452):443–9. https://doi.org/10.1126/science.287.5452.

443 PMID: 10642539

4. Wolfe ND, Daszak P, Kilpatrick AM, Burke DS. Bushmeat hunting, deforestation, and prediction of zoo-

notic disease. Emerging infectious diseases. 2005 Dec; 11(12):1822–7. https://doi.org/10.3201/

eid1112.040789 PMID: 16485465

5. Janes CR, Corbett KK, Jones JH, Trostle J. Emerging infectious diseases: the role of social sciences.

The Lancet. 2012 Dec 1; 380(9857):1884–6. https://doi.org/10.1016/s0140-6736(12)61725-5

6. Sheeran P, Harris PR, Epton T. Does heightening risk appraisals change people’s intentions and

behavior? A meta-analysis of experimental studies. Psychological bulletin. 2014 Mar; 140(2):511–43.

https://doi.org/10.1037/a0033065 PMID: 23731175

7. Bish A, Michie S. Demographic and attitudinal determinants of protective behaviours during a pan-

demic: a review. British journal of health psychology. 2010 Nov 1; 15(4):797–824. https://doi.org/10.

1348/135910710X485826 PMID: 20109274

8. Cui B, Liao Q, Lam WW, Liu ZP, Fielding R. Avian influenza A/H7N9 risk perception, information trust

and adoption of protective behaviours among poultry farmers in Jiangsu Province, China. BMC public

health. 2017 May 18; 17(1):463. https://doi.org/10.1186/s12889-017-4364-y PMID: 28521760

9. Decker DJ, Evensen DT, Siemer WF, Leong KM, Riley SJ, Wild MA, Castle KT, Higgins CL. Under-

standing risk perceptions to enhance communication about human-wildlife interactions and the impacts

of zoonotic disease. ILAR journal. 2010 Jan 1; 51(3):255–61. https://doi.org/10.1093/ilar.51.3.255

PMID: 21131726

10. Gbogbo F, Kyei MO. Knowledge, perceptions and attitude of a community living around a colony of

straw-coloured fruit bats (Eidolon helvum) in Ghana after Ebola virus disease outbreak in West Africa.

Zoonoses and Public Health. 2017 Mar 1. https://doi.org/10.1111/zph.12357 PMID: 28371424

11. Kamins AO, Rowcliffe JM, Ntiamoa-Baidu Y, Cunningham AA, Wood JL, Restif O. Characteristics and

risk perceptions of Ghanaians potentially exposed to bat-borne zoonoses through bushmeat. Eco-

Health. 2015 Mar 1; 12(1):104–20. https://doi.org/10.1007/s10393-014-0977-0 PMID: 25266774

12. Rips LJ. Inductive judgments about natural categories. Journal of verbal learning and verbal behavior.

1975 Dec 31; 14(6):665–81. https://doi.org/10.1016/S0022-5371(75)80055-7

Zoonosis risk perception

PLOS ONE | https://doi.org/10.1371/journal.pone.0186969 November 8, 2017 19 / 21

https://doi.org/10.1038/nature06536
http://www.ncbi.nlm.nih.gov/pubmed/18288193
https://doi.org/10.1098/rstb.2001.0888
https://doi.org/10.1098/rstb.2001.0888
http://www.ncbi.nlm.nih.gov/pubmed/11516376
https://doi.org/10.1126/science.287.5452.443
https://doi.org/10.1126/science.287.5452.443
http://www.ncbi.nlm.nih.gov/pubmed/10642539
https://doi.org/10.3201/eid1112.040789
https://doi.org/10.3201/eid1112.040789
http://www.ncbi.nlm.nih.gov/pubmed/16485465
https://doi.org/10.1016/s0140-6736(12)61725-5
https://doi.org/10.1037/a0033065
http://www.ncbi.nlm.nih.gov/pubmed/23731175
https://doi.org/10.1348/135910710X485826
https://doi.org/10.1348/135910710X485826
http://www.ncbi.nlm.nih.gov/pubmed/20109274
https://doi.org/10.1186/s12889-017-4364-y
http://www.ncbi.nlm.nih.gov/pubmed/28521760
https://doi.org/10.1093/ilar.51.3.255
http://www.ncbi.nlm.nih.gov/pubmed/21131726
https://doi.org/10.1111/zph.12357
http://www.ncbi.nlm.nih.gov/pubmed/28371424
https://doi.org/10.1007/s10393-014-0977-0
http://www.ncbi.nlm.nih.gov/pubmed/25266774
https://doi.org/10.1016/S0022-5371(75)80055-7
https://doi.org/10.1371/journal.pone.0186969


13. Osherson DN, Smith EE, Wilkie O, Lopez A, Shafir E. Category-based induction. Psychological review.

1990 Apr; 97(2):185–200. https://doi.org/10.4135/9781483346441.n23

14. Hayes BK, Heit E, Swendsen H. Inductive reasoning. Wiley interdisciplinary reviews: Cognitive science.

2010 Mar 1; 1(2):278–92. https://doi.org/10.1002/wcs.44 PMID: 26271241

15. Bingham GM, Budke CM, Slater MR. Knowledge and perceptions of dog-associated zoonoses: Brazos

County, Texas, USA. Preventive veterinary medicine. 2010 Feb 1; 93(2):211–21. https://doi.org/10.

1016/j.prevetmed.2009.09.019 PMID: 19846225

16. Li F, Cao B, Li Y, Li H, Deak G. The law of large numbers in children’s diversity-based reasoning. Think-

ing & Reasoning. 2009 Nov 1; 15(4):388–404. https://doi.org/10.1080/13546780903343227

17. McDonald J, Samuels M, Rispoli J. A hypothesis-assessment model of categorical argument strength.

Cognition. 1996 May 31; 59(2):199–217. PMID: 8681511

18. Heit E, Feeney A. Relations between premise similarity and inductive strength. Psychonomic Bulletin &

Review. 2005 Apr 1; 12(2):340–4. https://doi.org/10.3758/bf03196382

19. Lopez A. The diversity principle in the testing of arguments. Memory & Cognition. 1995 May 1; 23

(3):374–82. https://doi.org/10.3758/bf03197238

20. Nemeroff CJ. Magical thinking about illness virulence: conceptions of germs from" safe" versus" dan-

gerous" others. Health Psychology. 1995 Mar; 14(2):147. https://doi.org/10.1037//0278-6133.14.2.147

PMID: 7789350

21. Rozin P, Markwith M, Nemeroff C. Magical Contagion Beliefs and Fear of AIDS1. Journal of Applied

Social Psychology. 1992 Jul 1; 22(14):1081–92. https://doi.org/10.1111/j.1559-1816.1992.tb00943.x

22. Nemeroff C, Rozin P. The makings of the magical mind: The nature and function of sympathetic magical

thinking. In Rosengren K. S., Johnson C. N., & Harris P. L. (Eds.), Imagining the impossible: Magical,

scientific, and religious thinking in children (1–34). New York: Cambridge University Press. https://doi.

org/10.1017/cbo9780511571381.002

23. Slovic P. The perception of risk. Routledge; 2016 Jun 11.

24. Buhrmester M, Kwang T, Gosling SD. Amazon’s Mechanical Turk: A new source of inexpensive, yet

high-quality, data?. Perspectives on psychological science. 2011 Jan; 6(1):3–5. https://doi.org/10.1177/

1745691610393980 PMID: 26162106

25. Crump MJ, McDonnell JV, Gureckis TM. Evaluating Amazon’s Mechanical Turk as a tool for experimen-

tal behavioral research. PloS one. 2013 Mar 13; 8(3):e57410. https://doi.org/10.1371/journal.pone.

0057410 PMID: 23516406

26. Shapiro DN, Chandler J, Mueller PA. Using Mechanical Turk to study clinical populations. Clinical Psy-

chological Science. 2013 Apr; 1(2):213–20. https://doi.org/10.1177/2167702612469015

27. Pinheiro JC, Bates DM. Mixed-Effects Models in S and S-Plus. Springer-Verlag. 2000.

28. Davis T, Goldwater MB, Gaylord N, Worthy DA, Otto AR, Glass BD, Davis T. The cognitive psychology

of human-bat interactions: Implications for ecological policy and zoonotic disease transmission. Bats:

phylogeny and evolutionary insights, conservation strategies and role in disease transmission. Nova,

Hauppauge. 2013:1–7.

29. Haidt J, McCauley C, Rozin P. Individual differences in sensitivity to disgust: A scale sampling seven

domains of disgust elicitors. Personality and Individual differences. 1994 May 1; 16(5):701–13. https://

doi.org/10.1016/0191-8869(94)90212-7

30. Dohmen T, Falk A, Huffman D, Sunde U, Schupp J, Wagner GG. Individual risk attitudes: Measure-

ment, determinants, and behavioral consequences. Journal of the European Economic Association.

2011 Jun 1; 9(3):522–50. https://doi.org/10.1111/j.1542-4774.2011.01015.x

31. Centers for Disease Control and Prevention. (2016). About Ebola virus disease. http://www.cdc.gov/

vhf/ebola/about.html [accessed 19 Jul 2017]

32. WHO (World Health Organization) (2016) “Ebola virus disease.” Fact sheet no. 103. http://www.who.int/

mediacentre/factsheets/fs103/en/ [accessed 19 Jul 2017]

33. Baron RM, Kenny DA. The moderator—mediator variable distinction in social psychological research:

Conceptual, strategic, and statistical considerations. Journal of personality and social psychology. 1986

Dec; 51(6):1173–82. https://doi.org/10.1037/0022-3514.51.6.1173 PMID: 3806354

34. Preacher KJ, Hayes AF. SPSS and SAS procedures for estimating indirect effects in simple mediation

models. Behavior research methods. 2004 Nov 1; 36(4):717–31. https://doi.org/10.3758/BF03206553

35. Castillo-Chavez C, Curtiss R, Daszak P, Levin SA, Patterson-Lomba O, Perrings C, Poste G, Towers

S. Beyond Ebola: Lessons to mitigate future pandemics. The Lancet Global Health. 2015 Jul 31; 3(7):

e354–5. https://doi.org/10.1016/S2214-109X(15)00068-6 PMID: 26087978

36. Heymann DL, Dar OA. Prevention is better than cure for emerging infectious diseases. BMJ. 2014 Feb

21; 348:g1499. https://doi.org/10.1136/bmj.g1499 PMID: 24563451

Zoonosis risk perception

PLOS ONE | https://doi.org/10.1371/journal.pone.0186969 November 8, 2017 20 / 21

https://doi.org/10.4135/9781483346441.n23
https://doi.org/10.1002/wcs.44
http://www.ncbi.nlm.nih.gov/pubmed/26271241
https://doi.org/10.1016/j.prevetmed.2009.09.019
https://doi.org/10.1016/j.prevetmed.2009.09.019
http://www.ncbi.nlm.nih.gov/pubmed/19846225
https://doi.org/10.1080/13546780903343227
http://www.ncbi.nlm.nih.gov/pubmed/8681511
https://doi.org/10.3758/bf03196382
https://doi.org/10.3758/bf03197238
https://doi.org/10.1037//0278-6133.14.2.147
http://www.ncbi.nlm.nih.gov/pubmed/7789350
https://doi.org/10.1111/j.1559-1816.1992.tb00943.x
https://doi.org/10.1017/cbo9780511571381.002
https://doi.org/10.1017/cbo9780511571381.002
https://doi.org/10.1177/1745691610393980
https://doi.org/10.1177/1745691610393980
http://www.ncbi.nlm.nih.gov/pubmed/26162106
https://doi.org/10.1371/journal.pone.0057410
https://doi.org/10.1371/journal.pone.0057410
http://www.ncbi.nlm.nih.gov/pubmed/23516406
https://doi.org/10.1177/2167702612469015
https://doi.org/10.1016/0191-8869(94)90212-7
https://doi.org/10.1016/0191-8869(94)90212-7
https://doi.org/10.1111/j.1542-4774.2011.01015.x
http://www.cdc.gov/vhf/ebola/about.html
http://www.cdc.gov/vhf/ebola/about.html
http://www.who.int/mediacentre/factsheets/fs103/en/
http://www.who.int/mediacentre/factsheets/fs103/en/
https://doi.org/10.1037/0022-3514.51.6.1173
http://www.ncbi.nlm.nih.gov/pubmed/3806354
https://doi.org/10.3758/BF03206553
https://doi.org/10.1016/S2214-109X(15)00068-6
http://www.ncbi.nlm.nih.gov/pubmed/26087978
https://doi.org/10.1136/bmj.g1499
http://www.ncbi.nlm.nih.gov/pubmed/24563451
https://doi.org/10.1371/journal.pone.0186969


37. Newman SH, Field H, Epstein J, De Jong C. Investigating the role of bats in emerging zoonoses. Bal-

ancing ecology, conservation and public health interest. FAO Animal Production and Health Manual.

FAO, Rome, Italy. 2011.

38. Calisher CH, Childs JE, Field HE, Holmes KV, Schountz T. Bats: important reservoir hosts of emerging

viruses. Clinical microbiology reviews. 2006 Jul 1; 19(3):531–45. https://doi.org/10.1128/CMR.00017-

06 PMID: 16847084

39. Hahn BH, Shaw GM, De KM, Sharp PM. AIDS as a zoonosis: scientific and public health implications. Sci-

ence. 2000 Jan 28; 287(5453):607–14. https://doi.org/10.1126/science.287.5453.607 PMID: 10649986

40. Jones BA, Grace D, Kock R, Alonso S, Rushton J, Said MY, McKeever D, Mutua F, Young J, McDer-

mott J, Pfeiffer DU. Zoonosis emergence linked to agricultural intensification and environmental

change. Proceedings of the National Academy of Sciences. 2013 May 21; 110(21):8399–404. https://

doi.org/10.3410/f.718013628.793477479

41. Rivero MR, Salas MM, Valente R, Nores MJ, De Angelo C, Arrabal J, Costa S, Salomón OD. Prevention

of intestinal parasites in a tri-border area of Latin America: Children perceptions and an integral health

education strategy. Zoonoses and Public Health. 2017 Jun 7. https://doi.org/10.1111/zph.12365 PMID:

28590086

42. Stewart N, Ungemach C, Harris AJ, Bartels DM, Newell BR, Paolacci G, Chandler J. The average labo-

ratory samples a population of 7,300 Amazon Mechanical Turk workers. Judgment and Decision mak-

ing. 2015 Sep 1; 10(5):479–91. Link:http://journal.sjdm.org/14/14725/jdm14725.pdf

43. Fazio RH, Zanna MP, Cooper J. Direct experience and attitude-behavior consistency: An information

processing analysis. Personality and Social Psychology Bulletin. 1978 Jan; 4(1):48–51. https://doi.org/

10.1177/014616727800400109

44. Glasman LR, Albarracı́n D. Forming attitudes that predict future behavior: a meta-analysis of the atti-

tude-behavior relation. Psychological bulletin. 2006 Sep; 132(5):778–822. https://doi.org/10.1037/

0033-2909.132.5.778 PMID: 16910754

45. Medin DL, Ross N, Atran S, Burnett RC, Blok SV. Categorization and reasoning in relation to culture

and expertise. Psychology of learning and motivation. 2002 Dec 31; 41:1–41. https://doi.org/10.1016/

s0079-7421(02)80003-2

46. Proffitt JB, Coley JD, Medin DL. Expertise and category-based induction. Journal of Experimental Psy-

chology: Learning, Memory, and Cognition. 2000 Jul; 26(4):811–828. https://doi.org/10.1037//0278-

7393.26.4.811 PMID: 10946365

47. Shafto P, Coley JD. Development of categorization and reasoning in the natural world: novices to experts,

naive similarity to ecological knowledge. Journal of Experimental Psychology: Learning, Memory, and

Cognition. 2003 Jul; 29(4):641–649. https://doi.org/10.1037/0278-7393.29.4.641 PMID: 12924864

48. Centers for Disease Control and Prevention. (2016). Questions and Answers about Ebola, Pets, and

Other Animals. https://www.cdc.gov/vhf/ebola/transmission/qas-pets.html [accessed 19 Jul 2017]

49. Heit E, Hahn U. Diversity-based reasoning in children. Cognitive psychology. 2001 Dec 31; 43(4):243–

73. https://doi.org/10.1006/cogp.2001.0757 PMID: 11741343

50. Rhodes M, Brickman D, Gelman SA. Sample diversity and premise typicality in inductive reasoning: Evi-

dence for developmental change. Cognition. 2008 Aug 31; 108(2):543–56. https://doi.org/10.1016/j.

cognition.2008.03.002 PMID: 18436200

51. Lopez A, Atran S, Coley JD, Medin DL, Smith EE. The tree of life: Universal and cultural features of folk-

biological taxonomies and inductions. Cognitive psychology. 1997 Apr 1; 32(3):251–95. https://doi.org/

10.1006/cogp.1997.0651

52. Ross N, Medin D, Coley JD, Atran S. Cultural and experiential differences in the development of folkbio-

logical induction. Cognitive Development. 2003 Mar 31; 18(1):25–47. https://doi.org/10.1016/S0885-

2014(02)00142-9

53. Rozin P, Royzman EB. Negativity bias, negativity dominance, and contagion. Personality and social

psychology review. 2001 Nov 1; 5(4):296–320.

54. Rozin P, Markwith M, Ross B. The sympathetic magical law of similarity, nominal realism and neglect of

negatives in response to negative labels. Psychological Science. 1990 Nov 1; 1(6):383–4.

55. Medin DL, Goldstone RL, Gentner D. Respects for similarity. Psychological review. 1993 Apr; 100

(2):254–78. https://doi.org/10.1037/0033-295X.100.2.254

56. Heit E. A Bayesian analysis of some forms of inductive reasoning. Rational models of cognition.

1998:248–74.

57. Sloman SA. Feature-based induction. Cognitive psychology. 1993 Apr 30; 25(2):231–80. https://doi.

org/10.1006/cogp.1993.1006

58. Medin DL, Coley JD, Storms G, Hayes BL. A relevance theory of induction. Psychonomic Bulletin &

Review. 2003 Sep 1; 10(3):517–32. https://doi.org/10.3758/bf03196515

Zoonosis risk perception

PLOS ONE | https://doi.org/10.1371/journal.pone.0186969 November 8, 2017 21 / 21

https://doi.org/10.1128/CMR.00017-06
https://doi.org/10.1128/CMR.00017-06
http://www.ncbi.nlm.nih.gov/pubmed/16847084
https://doi.org/10.1126/science.287.5453.607
http://www.ncbi.nlm.nih.gov/pubmed/10649986
https://doi.org/10.3410/f.718013628.793477479
https://doi.org/10.3410/f.718013628.793477479
https://doi.org/10.1111/zph.12365
http://www.ncbi.nlm.nih.gov/pubmed/28590086
http://journal.sjdm.org/14/14725/jdm14725.pdf
https://doi.org/10.1177/014616727800400109
https://doi.org/10.1177/014616727800400109
https://doi.org/10.1037/0033-2909.132.5.778
https://doi.org/10.1037/0033-2909.132.5.778
http://www.ncbi.nlm.nih.gov/pubmed/16910754
https://doi.org/10.1016/s0079-7421(02)80003-2
https://doi.org/10.1016/s0079-7421(02)80003-2
https://doi.org/10.1037//0278-7393.26.4.811
https://doi.org/10.1037//0278-7393.26.4.811
http://www.ncbi.nlm.nih.gov/pubmed/10946365
https://doi.org/10.1037/0278-7393.29.4.641
http://www.ncbi.nlm.nih.gov/pubmed/12924864
https://www.cdc.gov/vhf/ebola/transmission/qas-pets.html
https://doi.org/10.1006/cogp.2001.0757
http://www.ncbi.nlm.nih.gov/pubmed/11741343
https://doi.org/10.1016/j.cognition.2008.03.002
https://doi.org/10.1016/j.cognition.2008.03.002
http://www.ncbi.nlm.nih.gov/pubmed/18436200
https://doi.org/10.1006/cogp.1997.0651
https://doi.org/10.1006/cogp.1997.0651
https://doi.org/10.1016/S0885-2014(02)00142-9
https://doi.org/10.1016/S0885-2014(02)00142-9
https://doi.org/10.1037/0033-295X.100.2.254
https://doi.org/10.1006/cogp.1993.1006
https://doi.org/10.1006/cogp.1993.1006
https://doi.org/10.3758/bf03196515
https://doi.org/10.1371/journal.pone.0186969

