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Abstract

Public aversion to snakes poses a challenge to conservation efforts. This study explored how
sociodemographic factors, emotional responses, and personal experiences influence attitudes
toward snakes and willingness to engage in conservation education programs. A quantitative
survey of 369 Canadian adults assessed emotional, experiential, and demographic predictors
using validated and adapted measures. Regression analyses revealed that age, gender, religiosity,
pet ownership, and direct experience significantly predicted attitudes. Fear and disgust emerged
as distinct but overlapping predictors, with disgust exerting a stronger negative effect on
conservation willingness. Participants with more positive attitudes were significantly more likely
to express interest in education programs, especially live encounters. Findings suggest that
tailored educational strategies addressing both emotional and demographic factors may enhance
public support for snake conservation. This research contributes to the design of more effective

conservation programs by identifying key predictors of public engagement and attitude change.

Keywords: Snake attitudes, Fear, Disgust, Conservation education, Public engagement, Wildlife
perception, Conservation psychology
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1. Introduction

Snakes play a crucial role in maintaining the balance of ecology and biodiversity in
different ecosystems. They contribute significantly to the regulation of animal populations,
balancing the food web, and the overall health of their habitats (Cortés-Gomez et al., 2015;
Liordos et al., 2018; Onyishi et al., 2021). Even though they are among the most at-risk animal
groups worldwide, with potentially 20% of species threatened with extinction, their conservation
has been insufficiently addressed (Tingley, Meiri & Chapple, 2016; Liordos et al., 2018).

The conservation of snakes is often undervalued and neglected due to widespread
negative attitudes and perceptions held by the public. Many cultures harbor a strong fear and
repulsion towards snakes, often stemming from a combination of evolutionary predispositions
and learned behaviors (Ohman & Mineka, 2003; Ozel, Prokop & Usak, 2009). These negative
attitudes impede conservation efforts and can lead to direct harm to snake populations through
intentional killing or habitat destruction (Ballouard et al., 2013; Crawford & Andrews, 2016).

Addressing these issues necessitates a diverse strategy, particularly through conservation
education programs. These programs aim to inform the public of the importance in protecting
endangered species and providing guidance on behaviours and actions that can improve
ecological welfare. Yet, the effectiveness of these programs in engaging those with negative
attitudes toward snakes remains a subject of ongoing research and debate. Altering these
attitudes and the resulting behaviors is even more difficult and continues to present a significant

challenge within the field (Ardoin, Bowers, & Gaillard, 2020).

1.1 Importance and Conservation Status of Snakes

Snakes are essential to maintaining ecosystem balance, acting as both predators and prey.
They regulate populations of various species, particularly rodents, which helps control disease
transmission and prevents agricultural damage (Onyishi et al., 2021; Liordos et al., 2018). By
maintaining this balance, snakes contribute to the health and stability of ecosystems. Their
absence can cause significant disruptions, resulting in prey overpopulation and destabilized food
webs (Seigel & Mullin, 2011; Cortés-Gomez et al., 2015).

Additionally, snakes serve as potential bioindicators of environmental health because of
their sensitivity to habitat changes and pollutants. Snakes typically occupy relatively small home

ranges, making them especially vulnerable to local changes in their environment (Bauerle et al.,



1975). This means that bioaccumulation of contaminants can be traced to a specific location,
allowing researchers to study pollution levels and how the area is being affected (Bauerle et al.,
1975; Beaupre & Douglas, 2011).

It is estimated that between 12%-20% of extant snake species are at risk of extinction
(Bohm et al., 2013; Tingley, Meiri & Chapple, 2016). However, this figure is ill-informed, as
reptiles are often overlooked in global conservation assessments. Despite making up roughly
one-third of all land vertebrate species, the conservation status of reptiles remains grossly
understudied (Ananjeva et al., 2015; Tingley, Meiri & Chapple, 2016; Roll et al., 2017). Of the
over 10,000 reptilian taxa recognized by the International Union of Conservation of Nature
(IUCN), only around 4700 have been assessed (Tingley, Meiri & Chapple, 2016). While some
species may be difficult to locate, contributing to data deficiencies, this gap in knowledge may
also reflect broader public disinterest in reptile conservation due to negative attitudes.

Snake populations face numerous threats primarily due to human activities.
Environmental alterations such as deforestation, pollution, and the destruction of natural
ecosystems, including wetlands, significantly impact their populations. Climate change disrupts
reproductive processes and habitat suitability, particularly for species who maintain a small
home range (Bauerle et al., 1975; Lourengo-de-Moraes et al., 2019). Additionally, increased
instances of snakes being killed by humans and their pets further decrease their likelihood of
survival (Gibbon et al., 2000). The pet trade and unsustainable harvesting for skins, meat, and
medicine also contribute to population declines, especially for species targeted for their unique
appearances or perceived medicinal properties (Klemens & Thorbjarnarson, 1995; Gibbon et al.,
2000; Bohm et al., 2013; Auliya et al., 2016). Furthermore, invasive species pose significant
threats by introducing competition and predation pressures, disrupting local ecosystems (Gibbon
et al., 2000). For instance, research on the invasive small Indian mongoose in Croatia revealed
that snake populations were dramatically reduced only on islands where the mongoose had

become established, likely due to predation (Barun, Simberloff, & Budinski, 2010).

1.2 Cultural and Sociodemographic Influences on Snake Attitudes

1.2.1 Historical and Cultural Representations of Snakes



Snakes have a rich history of representation in human culture, both positive and negative.
Bierlein (1994) found that snakes appear in global myths more frequently than any other animal.
In many cultures, snakes are revered as sacred beings or bringers of good luck (Liordos et al.,
2018). For example, ancient Egyptians considered the cobra a symbol of protection, knowledge,
and life. However, numerous myths also depict snakes as malevolent creatures (Liordos et al.,
2018). One of the most notable examples is in the stories of Judeo-Christian tradition, where the
serpent in the Garden of Eden represents evil and sin (Ménez, 2003; Alves et al., 2014). Studies
have found direct links between highly negative attitudes towards snakes and an individual’s
beliefs in myths/folklore regarding these animals (Ceriaco, 2012; Pandey et al., 2016; Onyishi et
al., 2021). For instance, Ceriaco (2012) reported that folklore and misconceptions were
significantly correlated to negative values and an increased likelihood of persecuting reptiles.
Similarly, Onyishi et al. (2021) found the belief that snakes are evil was associated with

significantly lower levels of tolerance.

1.2.2 Sociodemographic Influences on Snake Perceptions

Various sociodemographic factors influence attitudes towards snakes, including gender,
education, nationality, age, and personal experiences. There are noticeable trends in attitudes
towards snakes based on gender. Men tend to report that they feel more at ease with reptiles,
whereas women tend to demonstrate greater levels of fear and negativity towards snakes
(Pinheiro et al., 2016; Liordos et al., 2018; Castillo-Huitron, 2020; Ogle & Devlin, 2022). A
study by Alves et al. (2014) found that 74% of women reported fear of snakes, compared to 32%
of men. This gender disparity is evident from childhood, with girls showing more adverse
perceptions towards snakes than boys (Ballouard et al., 2013; Liordos et al., 2018). Interestingly,
although females show more unfavourable opinions towards “dangerous” animals, they are
consistently shown to be more supportive of conserving and less inclined to harm them (Kellert,
1985; Zinn & Pierce, 2002; Liordos et al., 2018).

Education level may also impact how people perceive snakes, although contradicting
evidence makes it difficult to decisively determine its effects. Ogle and Devlin (2022) found that
individuals with postsecondary degrees were less comfortable around reptiles compared to those
who only completed high school. While there are many possible explanations for this effect, one

consideration is that higher education is often associated with urban living, which may contribute



to lower familiarity and comfort with reptiles. In contrast, Pinheiro et al. (2016) noted that higher
education resulted in less negative attitudes. It is possible that a confounding factor may be
involved, such as environmental knowledge, which has also been shown to positively influence
snake tolerance (Burt & Jacobson, 2012). Additionally, it may be that knowledge of snakes helps
dispel fear based on inaccurate information or myths but further promotes reasons to be
concerned about the dangers and risks associated with them (Burt & Jacobson, 2012).

Age 1s another factor influencing attitudes towards snakes. Dislike of snakes can be found
in people of all ages, including young children (Mullin & Seigel, 2009; Prokop & Tunnicliffe,
2010). While not explored in depth compared to other demographic factors, a study by Lobue &
Delouche (2008) showed that older adults, specifically those with less education, were less
tolerant of snakes compared to younger adults with higher education.

Nationality, locality, and social conditioning can significantly shape attitudes towards
snakes. In areas where venomous snakes are more prevalent, children are more likely to fear
snakes (Ballouard et al., 2013). Parental influence also plays a role, through communication and
experiences. Discussing snakes in a negative manner may foster phobias in children, who rely on
adults for safety and protection (Conrad et al., 2021). Additionally, keeping pets and positive
encounters with snakes are associated with decreased fear of snakes (Ozel, Prokop, & Usak,
2009; Ballouard et al., 2013; Pinheiro et al., 2016; Onyishi et al., 2021; Ogle & Devlin, 2022).
However, parents who harbor their own fears or negative beliefs may avoid providing these

positive experiences, denying their children exposure to potentially beneficial influences.

1.2.3 Media Representations of Snakes

Media representations of snakes frequently perpetuate harmful stereotypes, which in turn
shape public views. Films, books, and news stories frequently depict snakes in a negative light,
exacerbating fears and misconceptions (Bombieri et al., 2018; Geest, Knoch, & Shufran, 2021;
Le Busque & Litchfield, 2023). This portrayal reinforces cultural biases, presenting snakes as
dangerous and undesirable creatures, ultimately hindering conservation efforts (Ballouard et al.,
2013; Bombieri et al., 2018). Snakes are commonly cast as villains in media, contributing to their
negative perception (Geest, Knoch, & Shufran, 2021; Le Busque & Litchfield, 2023). Iconic
movies, such as Anaconda, Raiders of the Lost Ark, and Snakes on a Plane, often depict snakes

as deadly obstacles or enemies, instilling fear and reinforcing harmful stereotypes (Le Busque &



Litchfield, 2023). Moreover, news reports on snake encounters tend to sensationalize these
events, emphasizing danger and fear rather than providing balanced information (Bombieri et al.,
2018). This biased portrayal can perpetuate a cycle of fear and misunderstanding, inaccurately
raising risk perception and making it challenging to promote positive attitudes towards snakes
and their conservation. A study of snake venom mortality rates in 2019 found that about 63,400
people died globally from snake bites, or 0.8 deaths per 100,000 people (Roberts et al., 2022).
Importantly, India alone accounted for 51,100, or 81%, of those deaths, largely in areas that are
too remote to access antivenom (Roberts et al., 2022). Greene et al. (2021) found that while there
are between 5000-10,000 annual venomous snake bites in the United States, only 101 resulted in
fatality over 30 years (1989-2018). In terms of death by constrictor species, occurrences appear

to be so rare that accurate numbers are difficult to source.

1.3 Psychological Foundations of Fear and Disgust

1.3.1 Evolutionary Basis of Fear Responses to Snakes

The fear of snakes, or ophidiophobia, is believed to have strong evolutionary origins
(Ohman & Mineka, 2003; Mullin & Seigel, 2009). Historical encounters with venomous snakes
have likely influenced our responses, tracing back to early human life in Africa where
differentiating between harmful and harmless species was challenging. In such environments,
natural selection may have favored individuals who could quickly detect any snake, leading to a
general caution towards these reptiles (Mullin & Seigel, 2009).

Research on nonhuman primates supports the theory of an innate basis for snake fear,
suggesting that humans could have inherited this trait from their evolutionary ancestors. Studies
on bonnet macaques, for example, demonstrate that these primates maintain a safe distance from
all types of snakes, regardless of the individual species’ risk level. This behavior is consistent
across most age groups, indicating a strong innate component (Ramakrishnan et al., 2005). The
only group to display less aversion is infant macaques, who initially display curiosity rather than
fear when encountering snakes. However, they quickly become cautious, shifting their attention
away from the snakes, which suggests a combination of innate recognition and learned behavior
(Ramakrishnan et al., 2005). This pattern is reinforced by maternal actions that limit curiosity

towards snakes, supporting the idea that both instinctive and learned behaviors are involved



(Burghardt et al., 2011). Moreover, vervet monkeys have developed specific alarm calls for
different predators, including snakes. These calls are used primarily for dangerous snakes such as
pythons, mambas, and cobras, but not for harmless reptiles, indicating a sophisticated level of
predator recognition. Even infant vervets broadly apply these alarm calls to snake-like objects,
suggesting that the recognition develops at an early stage, though learning is required for
accuracy (Seyfarth, Cheney & Marler, 1980).

Early studies showed that human adults were able to visually detect threat-relevant
stimuli, specifically snakes, faster than nonthreatening images (Ohman, Flykt & Esteves, 2001).
To determine if this bias is learned or predisposed, LoBue & DeLoache (2008) tested both adults
and children. Results showed that even young children had faster detection of snakes,
underscoring the evolutionary theory of snake detection (LoBue & DeLoache, 2008). It has been
noted that detection studies typically do not use other reptile species, such as lizards or
crocodilians, which would aid in determining how specific these biases are (Burghardt et al.,
2011). Taken together, this evidence collectively points to a deep evolutionary basis for snake
fear, involving both innate predispositions and learned behaviors. Understanding these
evolutionary roots is essential for developing effective conservation education strategies that

address both instinctive and cultural aspects of snake fear.

1.3.2 Distinction Between Fear and Disgust Towards Snakes

Effectively distinguishing between fear and disgust can significantly influence our
understanding of attitudes towards snakes and determining how to address them. Fear and
disgust elicit distinct physiological and psychological responses and may require different
approaches to mitigate or change these reactions (Polék et al., 2020). While fear is connected to
perceived danger, disgust arises from aversion to appearance, features, and lack of cleanliness
(Klieger & Siejack, 1997; Polak et al., 2020). Women consistently show higher levels of disgust
across all disgust-provoking stimuli tested, yet the understanding of the causes behind this
pattern are poorly understood (Rohrmann, Hopp & Quirin, 2008; Al-Shawaf, Lewis, & Buss,
2018). Evolutionary accounts suggest that ancestral responsibilities for childcare and food
preparation selected for heightened contamination sensitivity in females (Al-Shawaf et al., 2018).
If biology were the sole cause, however, one would expect parallel gender differences in

physiological indicators of disgust, which are not consistently observed (Rohrmann, Hopp, &



Quirin, 2008). Rohrmann, Hopp, & Quirin (2008) found that although women reported stronger
disgust, their physiological responses did not differ significantly from men’s, implying additional
psychological and social influences. Men may be more likely to suppress intense emotions, and
cultural norms may make expressions of disgust more acceptable for women, reinforcing the
observed self-report gap (Rohrmann, Hopp, & Quirin, 2008).

Larger predatory species like lions and bears typically elicit fear due to the immediate
physical threat they pose, while disgust tends to be associated with small animals thought to
carry diseases (Polak et al., 2020). The aesthetics of an animal has been found to be an important
factor in whether it is rated highly for fear or disgust. Reptiles lacking legs, dull in colour, and
perceived to be less visually appealing are significantly more likely to generate disgust
(Janovcova et al., 2019; Castillo-Huitron et al., 2020). Contrastingly, snakes with bright colours
and interesting patterns tend to be highly feared even though they are described as beautiful
(Castillo-Huitron et al., 2020). These dual emotional responses can create a particularly strong
aversion, making it more challenging to change negative attitudes towards snakes.
Understanding this distinction is important for developing targeted conservation education
programs and can indicate whether prioritizing myth-busting around safety or addressing

aesthetic aversions will be more successful (Polék et al., 2020).

1.3.3 Impact of These Emotions on Attitudes and Behaviors

Public attitudes toward snakes have direct consequences for their conservation. Feelings
of fear, disgust, and cultural beliefs associating snakes with evil all contribute to a low public
tolerance for snakes as well as a higher likelihood of intentionally killing a snake when
encountered (Ceriaco, 2012; Onyishi et al., 2021). Lower tolerance and negative attitudes
towards snakes were found to be positive predictors of supporting their conservation (Pinheiro et
al., 2016; Liordos et al., 2018). Research indicates that an individual's emotional response to a
particular animal directly influences their willingness to support protecting that species (Liordos
et al., 2018). For example, a person's positive or negative feelings towards various animal
species directly correlated with their likelihood of wanting to provide funds towards conservation
programs for those species (Martin-Lopez, Montes, & Benayas, 2007).

Fear and negativity towards snakes often result in deliberate harm. Drivers are more

likely to intentionally run over a snake and show less remorse or upset towards these collisions



than with any other animal (Langley, Lipps, & Theis, 1989; Paul Ashley, Kosloski, & Petrie,
2007; Crawford & Andrews, 2016). Furthermore, negative attitudes can impede the
implementation of effective conservation measures, as fear and misinformation reduce public
support for these initiatives (Seigel & Mullin, 2011).

Given that personal attitudes appear to be a stronger driver of conservation support than
factual ecological knowledge, improving public snake perceptions is crucial for generating
support for snake protection programs (Martin-Lopez, Montes, & Benayas, 2007). Therefore,
conservation educators must find effective ways to involve and positively influence people who

express fear or dislike of snakes through their programs.

1.4 Measuring Snake Attitudes

Measuring public attitudes towards snakes helps in understanding and addressing the
widespread fear and aversion that impact snake conservation efforts. Several psychometric tools
have been developed and validated to assess fear and disgust towards snakes, each contributing
to a more nuanced understanding of these emotions.

The Snake Anxiety Questionnaire (SNAQ) is a widely used tool designed to measure
specific fears related to snakes. Introduced by Klorman et al. (1974), the SNAQ comprises 30
true-or-false statements that participants respond to, reflecting their attitudes towards snakes.
While the SNAQ is effective in identifying individuals who report fear of snakes, Klieger and
Siejak (1997) identified a significant limitation in its ability to accurately detect true
ophidiophobia. Their study revealed that many individuals with high SNAQ scores did not
display corresponding behavioural avoidance when presented with a live snake, suggesting the
presence of a confounding variable. Klieger and Siejak (1997) demonstrated that participants
with high self-reported fear also exhibited elevated disgust sensitivity, such as heightened
discomfort when handling objects associated with snakes, including a neutral pen that had been
placed in a snake’s terrarium. These participants often showed facial expressions of disgust yet
approached snake-related stimuli without significant hesitation. This pattern indicates that the
SNAQ may capture disgust reactions that are misinterpreted as fear, leading to false-positive
classifications of ophidiophobia. Consequently, the SNAQ may overestimate the prevalence of

snake fear by conflating disgust-based aversion with true fear-based avoidance behavior.



Developed by Ozel, Prokop, and Usak (2009), the Snake Attitude Questionnaire (SAQ) is
an adaptation of similar Attitude Questionnaires for other common phobic animals. The SAQ is
made up of 58 Likert scale statements that assess various dimensions of snake attitudes,
knowledge, and beliefs. The negativistic dimension evaluates if dislike or fear result in deliberate
avoidance. The scientistic dimension measures enthusiasm for biology and the desire to learn
more about snakes. The naturalistic dimension evaluates participants' enthusiasm for hands-on
interactions with snakes and their interest in exploring nature. The ecologistic dimension gauges
concern for the ecological role of snakes and their interactions with humans. Consideration of
cultural and demographic factors was highlighted in the interpretation of SAQ results, as they
can be significantly influential. University student participants were often found to have high
levels of dislike or fear and showed little interest in direct interaction with snakes. Factors such
as nationality, pet ownership, gender, and study major were all associated with varied attitude
ratings (Ozel, Prokop & Usak., 2009).

The Disgust Scale-Revised (DS-R), adapted by Olatunji et al. (2007) from the original
scale created by Haidt, McCauley, and Rozin (1994), assesses disgust sensitivity in relation to
different groups of disgust-inducing stimuli, including animals, food, and body products.
Research using the DS-R in snake attitude studies has shown that disgust can significantly
influence fear responses, with some individuals exhibiting high disgust towards snakes despite
low fear (Radlova et al., 2020). This highlights the importance of measuring both emotions to
fully understand attitudes towards snakes. Radlova et al. (2020) used both the SNAQ and Disgust
Scale-Revised (DS-R) to distinguish between fear and disgust responses in participants. Their
findings indicated that individuals who reported high fear towards snakes also exhibited high

levels of disgust, suggesting a complex interplay between these emotions.

1.5 Conservation Education Strategies

1.5.1 Providers of Conservation Education

Conservation education is delivered through various platforms and organizations, each
playing a crucial role in raising awareness and promoting sustainable behaviors. Many
educational plans now incorporate environmental topics, aiming to educate students about

biology, ecology, and conservation. While these curricula often outline broad areas of study, the
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specific methods and lessons are typically left to the discretion of individual teachers. This
approach allows for flexibility in teaching styles but can result in varying levels of emphasis on
key topics such as conservation (Jacobson, 2010). Educators with an aversion to snakes are less
inclined to incorporate them into their teaching plans, emphasizing the importance of including
teachers in conservation education programs (Torkar, 2015).

Conservation agencies and organizations engage the public through outreach and
education. They utilize publications, community dialogues, and educational programs, to raise
awareness about conservation issues and promote conservation behaviours. Many modern zoos
and aquariums are increasingly focusing on educating the public about global wildlife and
encouraging pro-conservation behaviors. While entertainment remains a priority for many
visitors, the educational aspect is also highly valued (Ballantyne & Packer, 2005, 2016). These
institutions employ various methods to engage audiences, such as informative signs, animal
interactions, shows, and education programs. Despite these efforts, some environmentalists
criticize zoos for keeping animals in captivity. This criticism has led to a rise in non-captive
wildlife tourism, such as safaris and birdwatching tours, which are seen as more ethical
alternatives (Ballantyne et al., 2007).

Universities contribute significantly through research and community partnerships,
linking scientific findings with public education to promote conservation awareness and
engagement. Research institutes often involve both the scientific community and the public to
broaden knowledge and extend their reach (Brewer, 2002; Merenlender et al., 2016).

Local organizations implement culturally relevant programs that resonate with
community members, enhancing the impact of conservation education and making issues more
relatable (Brewer, 2002). Digital platforms significantly expand the reach of environmental
education by engaging audiences that may not participate in traditional activities such as visiting
zoos or attending school courses. Social media, in particular, serves as a primary source of
information on conservation issues for many people, making information, solutions, and policies
accessible and understandable to those who might not otherwise encounter this content (Robelia,
Greenhow, & Burton, 2011; Andersson & Ohman, 2017; Loury et al., 2021). Although some
argue that the best way to encourage pro-conservation behaviors is through direct sensory

experiences in nature, digital tools can complement these activities and provide opportunities for
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involvement to those unable to physically participate (Greenwood & Hougham, 2015;
Schonfelder & Bogner, 2017).

1.5.2 Types and Evaluation of Conservation Education Programs

Conservation education programs vary widely, targeting different audiences and
employing various methods to foster environmental awareness and sustainable behaviors.
Evaluating these programs is essential to ensure their effectiveness and refine strategies for
maximum impact.

Formal education programs integrated into school curricula aim to cultivate essential
ecological knowledge and foster positive conservation attitudes. Utilizing various techniques,
these initiatives engage students and promote critical environmental thinking (Jacobson, 2010).
The choice of teaching methods significantly affects the outcomes of these lessons, particularly
when it comes to snakes. Studies indicate that for animals perceived as dangerous to humans,
merely providing factual biological knowledge is insufficient to positively influence attitudes
(Morgan, 1989; Slagle et al., 2013; Torkar, 2015). This may be because understanding the
potential dangers these species pose can transform an "irrational" fear into a "rational" one.
Slagle et al. (2013) found that including explanations about the ecological and economic benefits
that black bears, another species that locals often view with caution, to nearby communities
significantly increased tolerance towards conservation efforts for this species.

Research shows that interactive, hands-on activities greatly enhance students'
understanding and attitudes of negatively viewed species (Prokop & Fancovicova, 2017; Kos,
Jerman & Torkar, 2023). Programs featuring live animal encounters or nature explorations report
increased student engagement and pro-conservation behaviors (Ballouard et al., 2012). Such
experiences are crucial for fostering a deeper connection to nature, which is essential for lifelong
conservation commitment (Skupien, 2016). However, challenges like inadequate teacher training
and limited resources can hinder the effective delivery of environmental content (Jacobson,
2010).

Outreach programs are vital in raising public awareness and engaging diverse audiences
in snake conservation by reaching people in informal and unique settings outside traditional
education channels. These programs include a range of approaches, such as community action

projects and citizen science initiatives, interactive workshops and public lectures, and mobile
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education units that bring conservation education directly to people in their everyday
environments.

Community action projects and citizen science initiatives actively involve local
populations in activities such as habitat restoration, wildlife monitoring, and data collection.
These efforts foster a sense of community ownership and enhance investment in conservation
outcomes (Merenlender et al., 2016). These programs not only expand ecological knowledge but
also encourage ongoing pro-environmental behaviors among participants (Merenlender et al.,
2016). By engaging participants in the design and execution of research, such as field studies and
monitoring projects, these initiatives contribute to scientific knowledge and build a deeper
personal connection to conservation (Bolt & Schreier, 2023). Reliance on volunteer participation
in citizen science can result in data quality issues and inconsistencies, and may not fully engage
all demographic groups, limiting overall effectiveness (Merenlender et al., 2016; Brown &
Williams, 2019; Hadad et al., 2023).

Mobile conservation education units deliver interactive experiences to communities with
limited access to mass media or low income/education levels. These units increase conservation
awareness, with evaluations indicating improvements in participants' knowledge towards wildlife
(Hansel et al., 2010). Media and technology-based programs are also essential in snake
conservation education, offering innovative ways to engage diverse audiences. Social media
serves as a powerful tool for fostering discussions and encouraging pro-environmental behaviors.
Platforms like Facebook have shown success in increasing users' knowledge and motivation to
engage in conservation activities (Robelia, Greenhow & Burton, 2011; Chung et al., 2020).
Video resources, including short clips and documentaries, effectively convey complex ecological
topics. These formats engage audiences visually and emotionally, making environmental issues
more relatable and accessible (Chung et al., 2020).

eLearning platforms have proven effective, as demonstrated by Schonfelder & Bogner
(2017), who evaluated the effects of using an online learning platform compared to live bee
encounters in students. Both approaches successfully increased conservation knowledge, with
eLearning particularly engaging those with initially low environmental interest. This highlights
the potential of digital platforms to educate without the constraints of physical interaction.

Podcasts broaden the scope of conservation education, enabling audiences to access

information in a convenient format that suits multitasking lifestyles. They have the potential to
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engage diverse listener groups, including those who may not participate in more traditional
educational formats, such as workshops, lectures, or field experiences. Moreover, podcasts offer
an alternative mode of learning for individuals with high levels of fear or aversion to direct
encounters with wildlife or visual content, allowing them to engage with conservation topics in a
less intimidating manner (Strickland, 2021).

Looking to the future, emerging technologies such as augmented reality (AR) promise
even more engaging and interactive educational experiences, potentially enhancing conservation
outcomes (Buchanan, Pressick-Kilborn & Maher, 2018).

While media and technology-based programs offer significant advantages, they also face
several challenges. Critics argue that these programs may lack the richness of direct, sensory
experiences in nature, which can be essential for fostering meaningful, long-term behavior
change (Greenwood & Hougham, 2015). To maximize their impact, digital tools should be used
in combination with direct experiences whenever feasible. Nonetheless, the ability to reach large
audiences and raise awareness about conservation efforts should be considered a net positive
overall.

Educational displays in zoos, aquariums, and museums are crucial for conservation
education. They include traditional signage and interactive elements, all designed to enhance
visitor understanding of ecological issues. Traditional signage provides foundational information
about wildlife, such as snake behavior and habitat conservation. These displays convey essential
facts and context, complementing interactive elements and ensuring that all visitors can engage
with the content (Ballantyne & Packer, 2016). Interactive exhibits, including touch screens,
educational activities, and augmented reality, offer engaging ways to explore complex topics.
These hands-on experiences help visitors form connections with the natural world, fostering
empathy and promoting conservation awareness (Lindemann-Matthies & Kamer, 2006).
Research shows that educational displays significantly improve visitor engagement and
knowledge retention, with interactive components, in particular, encouraging longer interactions,
making complex topics more accessible and enjoyable (Lindemann-Matthies & Kamer, 2006).
However, critics note that interactive displays can sometimes oversimplify issues or distract
visitors from engaging with the live animals (Webber et al., 2017). Additionally, maintaining

technology and ensuring accessibility for all visitors can be challenging.
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Direct wildlife experiences, including animal shows, feeding programs, one-on-one
encounters, and wildlife tourism, play a significant role in conservation education. These
interactions allow visitors to engage closely with animals, enhancing their understanding and
empathy for wildlife. Animal shows and feeding programs in zoos and aquariums engage
audiences by showcasing behaviors and providing entertainment. These experiences increase
visitor interest and knowledge about conservation issues (Randler, Ilg, & Kern, 2005). Observing
animals up close helps visitors develop a deeper connection, fostering positive attitudes towards
conservation (Ballouard et al., 2012). However, ethical concerns exist regarding potential
mistreatment, exploitation and the promotion of unnatural behaviors for entertainment
(Ballantyne et al., 2007). Ensuring that these programs prioritize education and animal welfare is
crucial (Spooner et al., 2019).

One-on-one encounters offer participants personal experiences with animals, such as
handling snakes or participating in guided nature activities. These direct interactions are effective
in reducing fear and increasing empathy, leading to more favorable attitudes towards
conservation (Ballouard et al., 2012; Prokop & Fancovicova, 2017; Kos, Jerman & Torkar,
2023). Such encounters provide memorable learning opportunities that deeply impact
participants’ views on wildlife.

Wildlife tourism, including safaris and bird-watching tours, provides unique
opportunities to observe animals in their natural habitats and mitigate many ethical issues of
captive animal shows. These activities promote a greater appreciation for biodiversity and
conservation efforts (Ballantyne et al., 2007). Direct encounters in the wild can reduce negative
attitudes and increase commitment to conservation (Skupien, 2016). However, the potential

environmental impacts and the risk of disturbing wildlife must be managed carefully.

1.5.3 Designing Conservation Education Programs

Effective conservation education programs are essential in fostering public understanding
and support for wildlife preservation. Designing impactful programs involves integrating
essential components that engage participants and foster long-term behavioural change.

The first step in designing an effective conservation education program is understanding
the target audience. This involves conducting a comprehensive audience analysis to identify the

demographic characteristics, knowledge levels, attitudes, and motivations of the intended
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participants. Factors such as age, gender, educational and economic background, cultural beliefs,
and prior experiences with wildlife are valuable in determining how effectively specific fears and
misconceptions can be addressed (Jacobson & McDuff, 1997; Burghardt et al., 2011).
Additionally, it is strategic to focus on individuals who do not have deep-seated snake phobias,
as they are more likely to be receptive to changing their attitudes and behaviors. While increased
knowledge can reduce fear and indifference in some people, truly phobic individuals often
require therapeutic interventions beyond the scope of educational programs (Burghardt et al.,
2011).

Effective conservation education programs should be tailored to meet the specific needs
of their target audience, community, and environment. Involving the audience and local
communities in the development and implementation of these programs can enhance relevance,
foster engagement, and improve the chances of successful outcomes and sustained support
(Jacobson, 2010). An essential aspect of designing these programs is understanding the local
ecological context and identifying specific conservation challenges faced by the community,
while also aligning with cultural and societal norms. For example, the Wildlife Acceptance
Capacity (WAC) represents the maximum level of wildlife a community is willing to tolerate,
which can be influenced by factors such as perceived damage, danger, or value associated with a
species (Decker & Purdy, 1988). By assessing a community’s WAC, organizations can identify
which localities are more likely to support and participate in conservation efforts (Espinosa &
Jacobson, 2012).

Engaging stakeholders, including community leaders, educators, conservationists, and
local government officials, is essential in the program design process. Stakeholder consultation
ensures that the program is relevant, culturally sensitive, and supported by those who play a
critical role in its implementation and sustainability (Kainer et al., 2009).

The educational content of conservation programs should be well-researched, accurate,
and engaging. It should cover key ecological concepts, the importance of conservation, and
practical ways individuals can contribute to wildlife preservation. Developing a robust
curriculum involves selecting appropriate content that covers both theoretical and practical
aspects of conservation. The curriculum should include interactive and experiential learning

activities that foster critical thinking and problem-solving skills.
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To achieve long-term conservation goals, programs must incorporate strategies that
encourage behavioural change. This involves using theoretical frameworks to understand and
influence behavior, designing practical activities that promote conservation actions, and
implementing monitoring and reinforcement techniques to sustain these behaviors (Maynard et
al., 2020). Theoretical frameworks, such as the Theory of Planned Behavior, can provide
valuable insights into how attitudes and behaviors are formed and changed. These frameworks
can guide the development of interventions that target specific behaviors and promote positive
conservation actions (Ajzen, 1985).

Effective implementation of conservation education programs involves careful planning
and coordination. This includes training educators and facilitators, developing a detailed
schedule and timeline, and ensuring that the necessary facilities and resources are available.
Training educators and facilitators is essential to ensure that they are well-prepared to deliver the
program content effectively. Training should cover both the theoretical aspects of conservation
education and practical teaching techniques (Jacobson, 2010).

Developing a detailed schedule and timeline helps ensure that the program is
implemented smoothly and efficiently. This includes planning the timing of activities, setting
milestones, and coordinating with stakeholders (Moss & Esson, 2013). Selecting appropriate
locations and facilities for program activities is important for providing a conducive learning
environment. This can include schools, community centers, nature reserves, and online platforms
(Ballantyne & Packer, 2016).

Incorporating evaluation criteria from the start is crucial for assessing the program's
effectiveness and making necessary improvements. Evaluation should measure both short-term
and long-term outcomes, including knowledge gains, attitude changes, and behavioural impacts.
Developing a comprehensive monitoring and evaluation plan ensures that the program's progress
is tracked, and its impact is assessed (Jacobson & McDuff, 1997; Thomas et al., 2019). This plan
should outline the evaluation methods, data collection tools, and key indicators of success
(Ardoin, Bowers, & Gaillard, 2020). Integrating evaluation criteria into the program design helps
ensure that the program's goals and objectives are met. This involves setting clear benchmarks
and using both qualitative and quantitative methods to measure outcomes (Ballantyne & Packer,

2007).
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Ensuring the sustainability and adaptability of conservation education programs is
essential for their long-term success. This involves developing maintenance plans, adapting to
changing needs and conditions, and securing funding and resources. Developing long-term
maintenance plans helps ensure that the program continues to operate effectively over time. This
can include regular updates to the curriculum, ongoing training for educators, and continuous
engagement with the community (Jacobson & McDuff, 1997). Conservation education programs
must be flexible and adaptable to changing needs and conditions. This involves regularly
reviewing and updating the program content and delivery methods to ensure they remain relevant
and effective (Buxton et al., 2021). Securing funding and managing resources effectively is
crucial for the sustainability of conservation education programs. This can involve seeking
grants, forming partnerships, and developing fundraising strategies to support the program's
activities (Ballantyne et al., 2007).

Effective communication and outreach are essential for raising public awareness and
support for conservation education programs. This includes using various media platforms,
organizing public awareness campaigns, and disseminating the program's results and
achievements. Organizing public awareness campaigns can help raise the profile of conservation
issues and encourage community involvement. These campaigns should use engaging and
accessible messaging to reach a broad audience (Chung et al., 2020). Maintaining a strong social
media and online presence is important for reaching a wider audience and promoting the
program's activities. This can include creating informative and engaging content, using social
media platforms, and developing a dedicated website (Robelia, Greenhow, & Burton, 2011).
Reporting and disseminating the results of conservation education programs helps build
credibility and attract support. This can involve publishing reports, presenting findings at
conferences, and sharing success stories with the community (Ballouard et al., 2012).

By incorporating these elements, conservation education programs can effectively engage
participants, foster positive attitudes towards wildlife, and promote sustainable behaviors that

support conservation efforts.

1.5.4 Evaluating Conservation Programs
The evaluation of conservation programs is a critical component in ensuring their success

and justifying the allocation of limited funds. Effective evaluation provides essential
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accountability, demonstrating the worth of programs to funding sources, the community, and
other stakeholders (Jacobson, 1991). Despite its importance, comprehensive assessment is often
absent from many conservation education programs, leading to less effective outcomes.
Programs incorporating systematic evaluation tend to achieve significantly higher success rates
(Jacobson & McDuff, 1997).

A primary challenge in evaluating conservation programs lies in aligning the types of
issues addressed with appropriate success metrics. This alignment is crucial to accurately
measure and report outcomes, thereby refining and improving future programs (Thomas et al.,
2019). Evaluating both successes and failures can reveal institutional barriers and processes that
contribute to more positive conservation outcomes (Buxton et al., 2021).

However, data collection, monitoring, and management practices remain inconsistent,
complicating the sharing of valuable information among government departments, jurisdictions,
researchers, and the public (Buxton et al., 2021). These inconsistencies hinder the ability to form
a cohesive understanding of program effectiveness across different contexts and settings.
Methodological challenges further complicate the evaluation process. For instance, the effect
sizes of conservation messages may be small because visitors tend to focus more on animals than
on the educational content provided (Ballantyne et al., 2007). Additionally, while changes in
visitors' knowledge and intentions regarding conservation can be measured on-site, tracking
actual behavior changes over time proves more difficult (Ballantyne et al., 2007).

The empirical literature often emphasizes behavioural antecedents due to the inherent
difficulties in documenting environmental improvements and linking these outcomes directly to
educational interventions. This challenge underscores the need for robust frameworks that can
trace causal links from educational programs to broader social and environmental impacts
(Ardoin, Bowers, & Gaillard, 2020).

To address these challenges, conservation education programs must integrate evaluation
criteria from the start, ensuring ongoing assessment and adaptability. By systematically
accounting for both successes and failures, and by improving data consistency and
methodological approaches, conservation programs can enhance their effectiveness, ultimately

contributing to more sustainable and impactful conservation efforts.

1.6 Gaps in Current Research and Knowledge
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Current research on public attitudes towards snakes has illuminated various factors
influencing these attitudes, yet several significant gaps persist. Addressing these gaps is crucial
for the development of effective conservation strategies and educational programs. My study
aimed to address the following specific gaps.

One major gap is the lack of comprehensive exploration into how cultural, gender,
educational, and national backgrounds influence perceptions of snakes. While studies have noted
general trends, such as women exhibiting higher levels of fear and negativity towards snakes
compared to men, and individuals with higher education levels showing more discomfort around
reptiles, these findings are not deeply nuanced. My study aimed to survey diverse demographic
groups and analyze how these sociodemographic factors interact and influence attitudes towards
snakes across different cultural contexts (Alves et al., 2014; Ogle & Devlin, 2022; Ballouard et
al., 2013).

Another significant gap is the limited research differentiating between fear and disgust
towards snakes and how these emotions impact conservation attitudes. While it is established
that both fear and disgust contribute to negative perceptions of snakes, the specific emotional
drivers and their distinct impacts on attitudes towards conservation are not well understood. My
study aims to distinguish between fear and disgust in survey questions and analyze the specific
emotional drivers and their impacts on attitudes towards snake conservation (Polék et al., 2020;
Castillo-Huitrén, 2020; Klieger & Siejack, 1997).

There is ongoing debate and limited empirical evidence regarding the effectiveness of
conservation education programs in changing deeply rooted negative attitudes towards snakes.
While some studies suggest that interactive, hands-on activities can enhance understanding and
foster positive attitudes, others point out the lack of depth in these programs and their focus on
theoretical knowledge rather than practical applications. My study evaluated various
conservation education strategies and provided evidence-based recommendations for effective
program design by assessing audience demographics and attitudes (Jacobson, 2006; Hughes,
2012; Ballouard et al., 2012; Skupien, 2016).

Research on the correlation between public attitudes towards snakes and their willingness
to engage in conservation efforts is sparse. Understanding this relationship is vital as positive

attitudes towards wildlife are often linked to greater support for conservation initiatives. My
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study aims to assess the likelihood of public participation in snake conservation programs and
correlate willingness to participate with attitudes towards snakes (Martin-Lopez et al., 2007).

Finally, there is insufficient detailed analysis of how personal experiences and media
representations influence attitudes towards snakes. While it is known that positive personal
encounters with snakes can lead to higher levels of tolerance, and negative media portrayals can
exacerbate fears, the extent and mechanisms of these influences are not thoroughly explored. My
study included survey questions on personal experiences with snakes and other animals, as well
as analyze the impact of media representations on attitudes towards snakes (Ballouard et al.,
2012; Geest et al., 2021).

To address these gaps, this study aimed to examine the factors that shape public attitudes
towards snakes, including the distinct emotional roles of fear and disgust, and how these
perceptions influence willingness to engage in conservation efforts. By exploring these
relationships across diverse demographic and experiential backgrounds, this research seeks to
provide evidence-based recommendations for conservation education programs that effectively

address the negative attitudes impeding snake conservation.

1.7 Research Design and Approach

A quantitative survey approach was employed to investigate the relationships between
demographic factors, beliefs, experiences, emotional responses, and conservation attitudes
related to snakes. The survey incorporated a combination of validated measures and newly
developed questions designed to explore gaps identified in the literature, including the specific
influences of gender, religiosity, and personal experiences on fear, disgust, and conservation
willingness. The study design enabled statistical analysis of how these factors interact and

contribute to shaping public perceptions of snakes.

2. Methods

2.1 Participants and Sampling
Participants were recruited using a snowball sampling technique, leveraging social
networks and community outreach to reach individuals who met the inclusion criteria of being

adults aged 18 or older residing in Canada. Recruitment channels included social media
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platforms, community bulletin boards, and sharing between individuals to broaden the
recruitment network. This approach provided access to a diverse population, offering insight into
variations in attitudes towards snakes across different sociodemographic groups. Although
snowball sampling limits the generalizability of the findings due to potential sampling bias, it
was deemed appropriate given the exploratory nature of the research and the challenges of
recruiting participants for studies involving potentially aversive topics such as snake

conservation.

2.2 Survey Instrument

The first set of questions focused on participants' backgrounds and experiences with
animals, including their environments and prior encounters with snakes. These questions were
divided into two parts. The first part asked about locations where participants might be more
likely to encounter snakes. "I have livedina  setting:", coded (1 =urban, 2 =rural, 3 =
suburban)." and "Do you visit/own a cottage?" (1 = yes, 2 = no). These questions aimed to assess
potential spaces where participants could encounter snakes. The second part asked about
participants' experiences with animals in general and with snakes specifically. The question
"Have you ever had pets?" (1 = yes, 2 =no) was included to gather information on participants
past interactions with animals. If participants answered "Yes" to owning pets, they were
prompted with "Which of the following pets have you lived with?" coded (0 = none, 1 = cats, 2 =
dogs, 3 = birds, 4 =rodents, 5 = reptiles, 6 = amphibians, 7 = insects/arachnids, 8 = other, 9 =
fish). Participants were able to fill in “other”, which resulted in a total of 17 categories. Another
question asked, "What is your experience with snakes?” coded (1 = encountered snakes in wild,
2 = seen snakes at zoos/exhibits, 3 = met a snake, 4 = owned a snake, 5 = through media). These
questions helped identify participants' familiarity and level of exposure to snakes and animals in
general.

The second section evaluated participants' attitudes towards snakes using Likert-scale and
multiple-choice questions. These questions were designed to understand emotional responses
such as fear, disgust, and perceived danger. A 5-point Likert-scale (1 = strongly agree, 5 =
strongly disagree) was used to assess general feelings towards snakes. Participants rated 7
statements according to this scale: “I am afraid of snakes”, “I like snakes”, “Snakes are
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disgusting”, “Snakes are cool”, “Snakes are creepy”, “Snakes make me feel uncomfortable”,
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“Snakes are gross”. Throughout analysis, positively phrased statements were reverse coded. An
8th statement was included in the survey “Snakes are dangerous”, however an error within the
Qualtrics system did not show it to respondents and therefore could not be used in subsequent
analysis. Participants were categorized as having negative attitudes if they agreed with any of the
five negative statements or disagreed with either of the two positive statements. If negative
attitudes were indicated, participants were prompted with a multiple-select question: “I dislike
snakes because:” (1 = they could be venomous, 2 = they scare me, 3 = I don’t know enough
about them, 4 =1 have had a bad encounter with a snake, 5 = they could hurt me, 6 = they carry
diseases, 7 = the way they are presented in the media, 8 = the way they move/slither). Another 5-
point Likert scale (1 = strongly agree, 5 = strongly disagree) comprised of 4 statements: “I can’t
look at photos or videos of snakes”, “I enjoy seeing snakes at the zoo”, “Some snakes are very
pretty to look at, “I am only scared of venomous snakes”.

The second section also explored beliefs about snakes, as such beliefs have been found to
correlate with negative attitudes and lower tolerance. “I believe that snakes are:” and “members
of my family believe snakes are:” were answered with (0 = none of the above, 1 = bad luck, 2 =
evil). "If you encountered a snake outdoors would you:" coded (1 = avoid it, 2 = move it away, 3
= kill it, 4 = observe it). Finally, “Do you believe snakes are important to the environment?"
coded (1 = yes, 2 =no). Participants were then asked to respond to a statement: “I would
consider myself to have a fear/dislike of:”” with 5 options provided (1 =rats, 2 = snakes, 3 = bats,
4 = spiders, 5 = other animals (please specify). Participants had the option to leave all boxes
unchecked. An additional 10 categories were created after analyzing the answers left in “other
animals”.

The third section assessed participants’ attitudes regarding snake conservation. A 5-point
Likert scale (1 = strongly agree, 5 = strongly disagree) prompted the following 5 statements:

99 ¢¢

“endangered snakes have a right to live”, “it is important that we conserve natural environments
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where snakes live”, “I like learning about endangered species”, “the law should allow for killing
and hunting snakes”, “it is unnecessary to protect snakes in Canada because they live in other
parts of the world”. The next question asked “did you know that there are endangered snakes in
Canada?" coded (1 = yes, 2 =no). To determine the potential viability of various program types,
participants were asked if they “would be willing to participate in an environmental education

program about snakes” (1 = yes, 2 = no), and if “yes” was selected “which of these programs
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would you be open to trying?”’ coded (1 = live ambassador/encounter with live animal, 2 = video
lessons, 3 = guided zoo tour with no animal contact, 4 = audio lessons/podcast (no pictures, 5 =
other suggestions.

Several demographic variables were assessed to provide more detailed information about
our sample. Highest level of education was coded as (1 = high school, 2 = some college or
university, 3 = college diploma, 4 = bachelor’s degree, 5 = master’s degree, 6 = doctorate, 0 =
none of the above). Participant religion was coded as (1 = Christian, 2 = Muslim, 3 = Hindu, 4 =
Jewish, 5 = Buddhist, 6 = atheist, 7 = agnostic, 8 = other (please specify), 9 = prefer not to say).
A total of 21 categories resulted, with the top 6 religions used in subsequent analysis (Christian,
atheist, Jewish, agnostic, Hindu, none). Additionally, participants provided their gender, country

of birth, and age.

2.3 Data Collection Procedures

Data collection took place over a two-month period, from March 2023 to April 2023,
using the Qualtrics platform. Recruitment was facilitated through QR codes on posters, link
sharing across social media, and direct outreach to ensure participants could easily access and
complete the survey.

Ethics approval was obtained from the Human Participants Review Committee (HPRC)
at York University (Approval #¢2023-068). Participants were provided with a statement of
informed consent, as approved by the HPRC, before proceeding with the survey (see Appendix
A for a copy of the informed consent and survey). Participants could withdraw from the study at
any time without penalty, and incomplete surveys or responses deemed invalid were excluded
during data cleaning to ensure data quality.

To ensure confidentiality, data were anonymized by assigning each participant a unique
random identification code. Data cleaning involved removing incomplete and invalid responses,

ensuring that the dataset was suitable for analysis.

3. Results

3.1 Sample Characteristics
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The study comprised 369 participants, selected from an initial sample of 416 respondents.
Exclusions were made for incomplete surveys, where any analysis-relevant question was left
unanswered, and for responses judged invalid due to inappropriate answers or apparent
misunderstanding of the questions. Participants ranged in age from 18 to 87 years (M =37.31,
SD =20.29), and were sorted into three age groups for analysis. A significant proportion of the
sample (n = 183; 49.6%) fell within the 18-27 age group, with 29.3% (n = 108) in the 28-54 age
range, and 21.1% (n = 78) in the 55+ range. Gender distribution was predominantly female (n =
237; 64.2%), with males comprising 29.8% (n = 110) of the sample, and 4.9% identifying as
non-binary or third gender (n = 18). Four participants (1.1%) selected "prefer not to say" for their
gender. Due to the relatively small sample size of non-binary respondents, gender-based analyses
were conducted using only male and female participants.

Participants reported varying levels of educational attainment. A bachelor's degree was
the most common level of education, held by 34.9% of respondents (n = 129), followed by
25.7% (n =95) who reported some college or university experience. Additionally, 15.2% (n =
56) of the sample had earned a master's degree, and 6.2% (n = 23) held a doctorate. The majority
of participants (n = 249; 67.2%) were born in Canada, with notable representation from the
United Kingdom (n = 33; 8.9%) and the United States (n = 24; 6.5%). Overall, participants
hailed from 40 different countries, demonstrating a diverse geographic representation.

In terms of religious affiliation, participants identified with a variety of faiths and beliefs.
The six most frequently reported affiliations included Christian (n = 75; 20.3%), Atheist (n = 74;
20%), Jewish (n = 72; 19.5%), Agnostic (n = 72; 19.5%), Hindu (n = 21; 5.7%), and None (n =
14; 3.8%). Smaller religious groups were also represented, including Muslim (n = 12; 3.3%) and
Catholic (n = 7; 1.9%), with other specific religious traditions being reported by fewer than five
participants. Due to the distribution of responses, religion-based analyses were conducted using
two broad groupings: religious (including Christian, Jewish, Muslim, and Catholic respondents;
n = 166) and non-religious (including Atheist, Agnostic, and those identifying with no religion; n
= 160). These groupings were informed by prior literature indicating that certain religious
traditions, particularly those within the Abrahamic faiths, often associate snakes with negative
symbolism, which may influence individual attitudes toward snakes

Participants' residential settings varied, with the majority residing in urban areas (n =

282; 76.4%). Suburban areas were reported by 47.4% (n = 175), while 17.3% (n = 64) lived in
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rural areas. Many participants reported living in more than one type of residential setting (n =
115; 31.2%). Additionally, 34.4% (n = 127) reported visiting or owning a cottage. Pet ownership
was prevalent among the sample, with 85.1% of participants indicating they owned pets. Dogs (n
=233; 63.2%) and cats (n = 183; 49.6%) were the most commonly owned pets, followed by
rodents (n = 134; 36.3%), birds (n = 116; 31.4%), and reptiles (n = 65; 17.6%).

Participants reported a variety of snake-related experiences. A large majority (n = 328;
88.9%) had encountered snakes in controlled environments such as zoos or exhibits, and 287
participants (77.8%) had been exposed to them through media. Encounters with wild snakes
were also relatively common, with 262 participants (71%) reporting such experiences.
Additionally, 164 participants (44.7%) had met someone who owned a pet snake, though only 25

participants (6.8%) had personally owned one.

3.2 Descriptive Statistics

In terms of attitudes toward snakes, 159 participants (43.1%) expressed some level of
fear, and 51 participants (13.8%) reported feelings of disgust. Overall, 220 participants (61%)
held negative views, indicated by agreement with negative statements about snakes in Q6. In
contrast, 254 participants (68.8%) expressed positive attitudes, demonstrated by their agreement
with favorable statements. Once distributed into attitude groups, 190 belonged to the Positive
group (51.5%), 92 to the Neutral group (23.2%), and 87 to the Negative group (23.6%), as seen
in Figure 1.

Of the 220 participants who indicated reasons for disliking snakes, the most commonly
selected concern was that snakes could be venomous (n = 174, 79.1%). A substantial number
also reported disliking snakes because they could hurt them (n = 137, 62.3%), they are
frightening (n = 119, 54.1%), or because of the way they move or slither (n = 114, 51.8%).
Additional reasons included a lack of knowledge about snakes (n = 66, 30.0%), their portrayal in
media (n = 61, 27.7%), the belief that they carry diseases (n = 30, 13.6%), and having had a prior
negative encounter with a snake (n =12, 5.5%).

Only 2 participants (0.5%) believed that snakes were bad luck, while 24 (6.5%) reported
this belief in family members. Similarly, 10 participants (2.7%) believed that snakes were evil,

while 60 (16.3%) reported this belief in family members.
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When asked what action might be taken if a snake was encountered, almost all
participants responded that they would either observe the snake (n = 184, 49.9%) or avoid the
snake (n =179, 48.5%). 5 participants said they would move the snake away (1.4%), while only
1 said they would kill the snake (0.3%).

Regarding animal-related fears, 197 participants (53.4%) identified spiders as a source of
fear, followed by 126 participants (34.1%) who reported a fear of snakes. Other commonly
reported fears included rats (n = 160; 43.4%) and bats (n = 115; 31.2%). Notably, all participants
responded to this question, suggesting that fear of animals was a shared experience across the
sample.

The majority of participants believed that snakes were important to the environment (n =
340, 92.1%). However, fewer participants were aware that some Canadian snakes are endangered
(n =241, 65.3%).

Overall, conservation attitudes were positive (Figure 2). 51 participants noted some level
of disagreement with positive statements or agreement with negative statements in Q14 (13.8%).
Notably, 25 participants agreed to some extent that the law should allow for killing/hunting
snakes (6.8%).

When asked whether the participant would be willing to participate in an environmental
education program about snakes, 196 responded yes (53.1%). Amongst those who selected yes,
158 were open to an encounter with a live animal (80.6%), 136 to a guided zoo tour with no
animal contact (69.4%), 134 to video lessons (68.4%), and 90 to audio lessons/podcasts (45.9%).
While participants were also asked for other suggestions, only 13 provided additions. Books was

the only additional suggestion to be heard from 2 participants (1%).

3.3 Factors Influencing Snake Attitudes
To explore the underlying contributors to participants' attitudes toward snakes, a series of

ordinal logistic regression models were conducted.

3.3.1 Demographic Predictors
Demographic factors, including gender, age group, and religiosity, were examined to
determine their association with snake attitudes (Figure 3). The model met the proportional odds

assumption (Brant test *(4) = 1.91, p =.75) and was statistically significant overall, ¥*(4) =
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15.98, p <.01. Participants aged 55 and older were significantly more likely to report negative
attitudes compared to those aged 18-27 (B =0.92, SE = 0.28, p <.01). Religious participants also
reported significantly more negative attitudes than non-religious participants (f = 1.27, SE =
0.24, p <.001). Gender was a marginal predictor, with females showing a trend toward more
negative attitudes than males (p = 0.42, SE = 0.25, p =.091).

A separate model including only gender as a predictor found a significant effect (f =
0.53, SE =0.24, p =.026), suggesting that gender-related differences in attitudes may be
attenuated when controlling for age and religiosity.

Exploratory analyses also examined education level, country of birth, and continent of
birth. These variables did not significantly predict snake attitudes (all ps >.10) and are not
discussed further.

A follow-up analysis was conducted to determine whether fear and disgust ratings were
predicted by demographics. Age was excluded from the final models due to a violation of the
proportional odds assumption in preliminary analyses, as indicated by the Brant test. In the
model predicting fear responses, both religious affiliation and gender were significant predictors.
Participants who identified as religious were significantly more likely to report higher levels of
fear compared to non-religious participants (f = 1.02, SE = 0.21, p <.001). Female participants
also reported significantly higher fear ratings than male participants (p = 0.51, SE =0.22,p =
.020). In contrast, for disgust responses, only religious affiliation was a significant predictor.
Religious participants were more likely to report higher disgust ratings than non-religious
participants (B = 1.24, SE = 0.23, p <.001), while gender was not significantly associated with
disgust (B =—-0.06, SE =0.23, p =.79). Both final models met the proportional odds assumption,

as confirmed by the Brant test.

3.3.2 Residential Background

Residential setting was evaluated to determine whether the type of environment
participants had lived in influenced their attitudes toward snakes. Four categories were included:
rural only, urban only, mixed (lived in multiple settings), and suburban only (reference group).
The model met the proportional odds assumption (Brant test omnibus ¥*(3) = 2.00, p =.57).
Participants with mixed residential experience were significantly more likely to report positive

attitudes (f = —0.86, SE =0.29, p <.01). Urban-only and rural-only residence were not
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significant predictors (f =—0.19, SE =0.26, p = .46; B = 0.55, SE = 0.67, p = .41, respectively),
though the rural-only group was notably small (n = 9), limiting the reliability of that estimate.
Cottage ownership or visitation was also examined but did not significantly predict

attitudes, either independently or in models including residential setting (all ps > .60).

3.3.3 Pet Ownership

The role of pet ownership in shaping attitudes was analyzed in two stages. General pet
ownership was first assessed and found to be associated with more positive attitudes toward
snakes (p =—0.83, SE =0.27, p <.01), with the model meeting the proportional odds assumption
(Brant test y*(1) = 1.33, p =.25).

A follow-up model explored specific pet types, including dog, cat, rodent, bird, and
reptile ownership. This model also met assumptions (Brant test ¥*(5) = 3.97, p = .55), though
data sparsity (28 combinations of pet type and attitude did not occur) suggests cautious
interpretation. Reptile ownership was associated with significantly more positive attitudes (p =
—1.31, SE = 0.34, p <.001), while cat ownership predicted more negative attitudes (f = —0.68,
SE =0.22, p <.01). Dog, rodent, and bird ownership were not significant predictors (ps > .05).

3.3.4 Direct Experience with Snakes

To assess the influence of firsthand exposure, four types of snake-related experiences
were included: direct interaction, zoo exhibit viewing, media exposure, and prior ownership. The
model met the proportional odds assumption (Brant test y*(4) = 2.20, p = .70), and all four
predictors were statistically significant. Direct interaction (f =—1.14, SE = 0.22, p <.001),
media exposure (f =—0.94, SE = 0.25, p <.001), and prior snake ownership (f =—3.30, SE =
1.06, p <.01) predicted more positive attitudes. Viewing snakes in zoo exhibits had a weaker but
marginal effect (B =—0.57, SE = 0.33, p =.084). Snake sightings in the wild were excluded from

the final model due to non-significant effects in preliminary testing.

3.3.5 Conservation Knowledge
Ecological beliefs and conservation awareness were also evaluated as potential predictors
of snake attitudes. The model included two binary variables: belief that snakes are important to

the environment and awareness that some Canadian snakes are endangered. The overall model
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was significant (¥*(2) = 10.86, p = .004). Belief in snakes' environmental importance strongly
predicted more positive attitudes (f =—2.18, SE = 0.42, p <.001), as did knowledge of
endangered Canadian snakes (f =—0.53, SE = 0.22, p = .015). Interaction effects were tested but

excluded due to multicollinearity concerns.

3.4 Factors Influencing Conservation Attitudes

This section was originally intended to examine predictors of participants’ conservation-
related attitudes toward snakes. However, responses across all five items were highly skewed
toward agreement with conservation-supportive statements. This resulted in insufficient
variability in the composite outcome variable, limiting the ability to conduct meaningful

statistical analyses using ordinal regression.

3.5 Behavioural Intentions Towards Snake Conservation

To identify the factors that predict participants’ willingness to engage in snake-related
conservation education programs, a series of binomial logistic regression models were
conducted. Predictors were organized into three primary domains: demographic characteristics,

experiential variables, and attitudinal measures.

3.5.1 Demographic Predictors of Participation

Demographic characteristics were assessed to determine their association with
participants' willingness to participate in snake-focused environmental education (EE) programs
(Figure 4). The model, which included gender, age group, and religious affiliation, was
statistically significant, ¥*(4) = 35.74, p <.001, and demonstrated good model fit (AIC = 401.90).
Female participants were significantly more likely than males to report willingness to participate
(B=0.84, SE =0.26, p =.001), while religious participants were significantly less likely to
participate compared to non-religious participants (f = —0.79, SE = 0.25, p = .002). Age group
was a marginal predictor: participants aged 28—54 did not differ significantly from the youngest
group (B =0.33, p =.24), but those aged 55 and older were significantly less likely to participate
(B=-0.77, SE =0.32, p = .015). Estimated marginal means revealed that non-religious females
aged 18-27 had the highest predicted probability of participation (0.81, 95% CI [0.69, 0.89]),
while religious males aged 55 and older had the lowest (0.33, 95% CI [0.20, 0.48]).
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3.5.2 Experiential Predictors of Participation

Snake-related experiences were also examined. The model included direct interaction
with a snake, viewing snakes in a zoo exhibit, media exposure, and prior snake ownership. An
interaction term between interaction and zoo exhibit exposure was included. The full model was
statistically significant and showed improved fit compared to the additive model (AIC = 479.83
vs. 482.12). All four main effects were significant. Participants who had directly interacted with
a snake (= 2.35, SE =0.89, p =.008), seen snakes in a zoo exhibit (3 =1.60, SE =0.52, p=
.002), encountered snakes through media ( = 0.60, SE = 0.28, p =.034), or previously owned a
snake (B = 1.32, SE =0.56, p =.017) were significantly more likely to report willingness to
participate. A significant interaction between interaction experience and zoo exhibit exposure
was also observed (p =—1.85, SE = 0.92, p = .044), suggesting that the combined effect of both
experiences was less than additive. Post hoc analyses of estimated marginal means clarified the
nature of this interaction. Participants with neither experience had a predicted probability of
participation of 23.8%. This increased to 76.6% for those with interaction experience only,

60.8% for those with zoo exhibit exposure only, and 71.8% for those with both experiences.

3.5.3 Attitudinal Predictors of Participation

Attitudes toward snakes were tested as predictors of willingness to participate in EE
programs. Participants with Neutral (B =—1.07, SE = 0.26, p <.001) and Negative attitudes (p =
—2.17, SE = 0.30, p <.001) were significantly less likely to express willingness compared to
those with Positive attitudes. The model was significant, ¥*(2) = 63.30, p <.001. Predicted
probabilities were 71.1% for participants with Positive attitudes (95% CI [64.2%, 77.1%]),
45.7% for those with Neutral attitudes (95% CI [35.8%, 55.9%]), and 21.8% for those with
Negative attitudes (95% CI [14.4%, 31.7%]). A second model controlling for gender, age group,
and religiosity remained significant (}*(5) = 79.78, p <.001), see Figure 5. In this model, both
attitudes and gender remained significant, while age and religiosity did not (p’s > .20). The
highest predicted probability was observed among non-religious females aged 28—54 with
Positive attitudes (probability = 0.87, SE = 0.04). In contrast, the lowest predicted probability
was observed among non-religious males aged 55 and older with Negative attitudes (probability

=0.06, SE = 0.03).
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Fear and disgust ratings were analyzed to assess the differences in effects on participants’
willingness to participate in an educational program about snakes. Both predictors were
statistically significant (AIC = 434.96; ¥*(2) = 81.15, p <.001); however, disgust emerged as the
stronger predictor. Higher disgust ratings were associated with a substantial decrease in
participation likelihood (B = —0.695, SE = 0.13, p <.001), corresponding to a 50—60% reduction
in odds for each 1-point increase. Fear ratings also showed a significant negative effect (f = —
0.225, SE =0.10, p = .024), though the effect was more modest. Including an interaction term
between fear and disgust did not improve model fit (AIC =435.43) and was not statistically
significant (p = .215), suggesting the two factors contribute independently to reduced willingness
to participate.

A subset of participants who were asked what reasons they dislike snakes were examined
to determine whether specific reasons for snake dislike predicted willingness to participate in an
environmental education program. The model included the four most endorsed reasons: snakes
can be venomous, scary, capable of causing harm, or unsettling in their movement. The model
was statistically significant overall. Among these predictors, only the belief that snakes are scary
was significantly associated with lower willingness to participate (B =-0.62, SE=0.31,p=
.049). Participants endorsing this belief were significantly less likely to express interest in EE
programs. The belief that snake movement is unsettling showed a marginal negative effect (f = —
0.52, SE =0.31, p =.091), while beliefs that snakes are venomous ( = —0.41, p = .24) or capable

of causing harm (B = 0.16, p = .61) were not significantly related to participation likelihood.

3.5.4 Predictors of Program Preferences

A set of binomial logistic regressions was conducted to assess whether demographic
variables (age, gender, and religious affiliation) predicted interest in specific conservation
program types. For the encounter program, older adults (55+) were significantly less likely to
express interest compared to the youngest group (B = —1.64, p =.004). Religious affiliation was
marginally associated with lower interest (f =—0.79, p =.077). In the tour program model,
participants aged 28—54 were significantly more likely to express interest than those aged 18-27
(B=0.80, p =.043). No significant demographic predictors were found in the models for video
or podcast programming, suggesting that interest in these formats was relatively consistent

across demographic groups.
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To assess how snake attitudes influenced interest in specific types of conservation
programming, four separate binomial logistic regressions were conducted (Figure 6). The model
predicting interest in a live animal encounter program was statistically significant, ¥*(2) = 22.48,
p <.001. Participants with Neutral (B =—1.16, p =.008) and Negative (f = —2.40, p <.001)
attitudes were significantly less likely to express interest compared to those with Positive
attitudes. The model for the video program was not statistically significant, ¥3(2) =5.59, p =
.061, though participants with Negative attitudes showed a marginally significant trend toward
greater interest (B = 1.41, p =.066), while no significant effect was observed for Neutral attitudes
(B=-0.24, p=.511). The model for the guided tour program was also not statistically
significant, y*(2) = 2.26, p = .323. Neither Neutral (B = 0.61, p =.147) nor Negative (f = 0.08, p
= .879) attitudes were significantly associated with participation likelihood. In contrast, the
model for the podcast program was statistically significant, ¥*(2) = 11.05, p = .004. Participants
with Neutral attitudes were significantly less likely to report interest in this program (f = —1.24,
p =.002), while attitudes in the Negative group were not significantly associated with
participation ( = 0.03, p =.949).

To examine whether fear and disgust toward snakes predicted willingness to engage in
specific educational formats, four binary logistic regressions were conducted, one for each
program type (encounter, video, tour, and podcast). The model for encounter programs was
statistically significant, with higher fear ratings predicting a significantly lower likelihood of
participation (f =—0.50, SE =0.17, p=.003). Disgust also showed a marginal negative
association in this model (B =-0.38, SE = 0.22, p =.089), suggesting it may contribute to
reduced willingness to attend in-person encounters. In contrast, none of the other program types

(video, tour, or podcast) were significantly predicted by fear or disgust.

4. Discussion
This study explored public attitudes toward snakes, examining both general perceptions
and the specific roles of fear and disgust in shaping these attitudes and influencing support for
conservation. The results revealed a complex and sometimes contradictory pattern of attitudes.
Sociodemographic factors significantly influenced attitudes. Religious participants
reported more negative views, aligning with prior research on the effects of folklore and myths

(Ceriaco, 2012; Pandey et al., 2016; Onyishi et al., 2021). However, very few participants
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explicitly reported that they or their family members believed snakes were bad luck or evil. If
religious teachings, particularly within Abrahamic traditions, were the primary drivers of
negative attitudes, more participants would likely have endorsed these beliefs, as observed in
Onyishi et al. (2021). This suggests that such attitudes may stem more from implicit cultural
associations or unconscious biases formed during early exposure to religious narratives, rather
than from explicit beliefs. Alternatively, other unmeasured factors may be contributing.

Gender, a consistently strong predictor in previous studies (Alves et al., 2014; Pinheiro,
2016; Liordos et al., 2018; Castillo-Huitron, 2020; Ogle & Devlin, 2022), was only a marginal
predictor of overall attitude when controlling for other variables. This unexpected finding
highlights the importance of considering how multiple factors interact to shape attitudes.
However, when examining fear specifically, gender emerged as a significant predictor, with
women reporting higher levels of fear. In contrast, gender did not predict disgust, diverging from
past research where women consistently report higher levels of disgust (Rohrmann, Hopp &
Quirin, 2008; Al-Shawaf, Lewis, & Buss, 2018). This discrepancy may reflect the phrasing of
the survey item “snakes are disgusting”, which may have seemed too harsh, promoting more
socially acceptable responses. These results reinforce the need to examine fear and disgust as
distinct emotional constructs rather than treating them as a single category of “negative
attitudes.” They also suggest that understanding the nuances behind emotional drivers can
improve the design of conservation education programs aimed at reducing negative perceptions
of snakes.

Education level was not a significant predictor of fear, disgust, or overall attitudes. This
contrasts with previous findings that have linked higher education to both more negative (Ogle &
Devlin, 2022) and more positive (Pinheiro et al., 2016) views. One explanation may lie in the
sample, which included a large number of young university students. Environmental knowledge,
rather than formal education alone, may be a more relevant factor (Burt & Jacobson, 2012).
Older adults may have more education overall, but less exposure to ecological content during
their schooling. This is supported by the finding that participants aged 55 and older were more
likely to report negative attitudes, consistent with Lobue and Delouche (2008).

Pet ownership, in general, was associated with more positive attitudes toward snakes but
species mattered. Reptile ownership predicted greater positivity, while cat ownership predicted

more negative attitudes. This may reflect a general openness among owners of less conventional
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pets, who may already be more tolerant of animals that others view as aversive. In contrast, cat
owners, possibly influenced by cultural narratives of cats as independent and "clean" animals,
may find snakes particularly aversive.

Personal experiences with snakes were among the strongest predictors of positive
attitudes. Direct interaction with a snake, exposure through zoo exhibits, media, and prior
ownership all significantly predicted more favorable views These findings support the idea that
familiarity reduces fear and underscore the value of experiential learning. The finding that media
exposure predicted more positive attitudes was somewhat unexpected, given common portrayals
of snakes as threatening or villainous (Bombieri et al., 2018; Geest, Knoch, & Shufran, 2021; Le
Busque & Litchfield, 2023). One possible explanation is varied interpretation of the term
“media.” Participants who thought of educational content like nature documentaries may have
responded more positively than those whose exposure came from horror films or sensationalized
news reports. This highlights the importance of clearly distinguishing between media types in
future research.

While a majority of participants recognized snakes as important to the environment, and
were aware that some Canadian snakes are endangered, a significant proportion still held
negative views, expressing fear, disgust, or both. This disconnect underscores the challenge of
translating cognitive recognition of ecological importance into positive emotional responses and
conservation action (Seigel & Mullin, 2011).

Importantly, attitudes toward snakes were a significant predictor of willingness to
participate in conservation education programs. Participants with neutral or negative attitudes
were significantly less likely to express interest compared to those with positive attitudes,
consistent with research showing that positive attitudes are predict conservation support
(Pinheiro et al., 2016; Liordos et al., 2018). Furthermore, specific reasons for disliking snakes,
such as finding them scary or unsettling, were linked to lower participation rates, whereas
concerns about venom or harm did not show the same predictive power. These findings
emphasize the importance of addressing emotional barriers directly in conservation education, as
opposed to focusing solely on factual knowledge about snake ecology (Morgan, 1989; Slagle et
al., 2013; Torkar, 2015).

Fear and disgust emerged as distinct yet overlapping emotional predictors of program

participation. Both emotions independently predicted lower willingness to engage in
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conservation education, but disgust had a more pronounced negative effect. While fear often
stems from a perception of danger, individuals high in fear may be more open to educational
programs that aim to correct misconceptions or teach strategies for avoiding harm. In contrast,
individuals with high levels of disgust may exhibit a more generalized aversion toward snakes,
making them less receptive to conservation messaging altogether (Klieger & Siejack, 1997;
Polak et al., 2020). This highlights the need for conservation strategies that address the unique
challenges posed by disgust, such as aesthetic aversions and associations with disease or
contamination.

Participants' preferences for different types of conservation education programs revealed
important distinctions based on their attitudes and emotional responses toward snakes. While
demographic predictors played a limited role overall, older adults were significantly less
interested in live animal encounters, suggesting that high-contact formats may be less suitable for
this age group. A marginal effect of religiosity also hinted at lower interest in encounters among
religious participants, consistent with patterns of greater fear and disgust (Ceriaco, 2012; Pandey
et al., 2016; Onyishi et al., 2021).

Attitudes toward snakes were the strongest predictors of program preference. Individuals
with negative or neutral attitudes were significantly less likely to express interest in encounter
programs but showed similar levels of interest in more passive formats such as tours, videos, and
podcasts. Notably, there was a trend toward greater interest in video programs among
participants with negative attitudes, suggesting that digital content may serve as a more
comfortable entry point for skeptical or fearful individuals (Schonfelder & Bogner, 2017).

Emotional responses further shaped these preferences. Higher fear significantly reduced
interest in encounter programs, and disgust showed a marginal negative effect. However, neither
emotion predicted preferences for video, tour, or podcast programs, indicating that lower-contact
formats may bypass affective barriers and better engage those with aversive reactions to snakes.

Returning to the strategies outlined in Section 1.5, the current findings provide empirical
support for the value of flexible, audience-specific approaches to conservation education. Section
1.5 emphasized the complementary role of mediated experiences, culturally relevant framing,
and direct encounters as means of fostering more positive perceptions of snakes. The results of
this study extend these arguments by showing that these strategies may map onto distinct

participant profiles. While hands-on encounters are highly engaging for those with positive
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attitudes, alternative approaches may be more inclusive and effective for reaching audiences who
are hesitant or fearful. Tailoring conservation education to align with audience comfort and

readiness can help expand participation and support for snake conservation.

4.1 Limitations

While this study provides valuable insights, several limitations must be acknowledged.
The use of snowball sampling may have introduced sampling bias, as participants recruited
through social networks may share similar characteristics. This limits the representativeness of
the sample and affects the generalizability of the findings. In particular, the underrepresentation
of rural participants and the overrepresentation of Jewish (particularly older adult) participants
likely skew the results and may not reflect broader public attitudes. Additionally, due to the
distribution of religious affiliation, analyses were limited to broad groupings (e.g., religious vs.
non-religious), which restricted the ability to assess the influence of specific traditions on snake
attitudes. A similar issue occurred with the attitude scale: rather than analyzing responses across
a full Likert scale, participants had to be grouped into negative, neutral, or positive categories
due to response distributions, which may have reduced the nuance and sensitivity of the analysis.

It is also important to consider potential nonresponse and self-selection biases.
Individuals with strong negative attitudes toward snakes may have been less likely to participate
in the survey at all. Among those who did respond, participants with the most negative views
may have declined to indicate willingness to participate in conservation programs and were
therefore not prompted to evaluate program types. As a result, responses regarding program
interest likely underrepresent the attitudes of the very individuals such interventions are designed
to reach.

The study relied exclusively on self-reported attitudes and behavioural intentions, which
may not align with actual behaviors (Ballantyne et al., 2007; Rohrmann, Hopp, & Quirin, 2008).
These measures are susceptible to social desirability bias, particularly in the context of
conservation. Moreover, the limited variability in responses to conservation-supportive items
constrained statistical analysis, suggesting a need for more nuanced and behaviourally anchored
tools in future work.

The cross-sectional nature of the design also limits interpretability. Although strong

associations were identified between emotions such as fear and disgust and reduced willingness
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to participate in conservation education, causality cannot be inferred. It is likely that the
relationship is bidirectional: negative emotions may discourage engagement, while limited

exposure to snakes may in turn reinforce or intensify those emotions.

4.2 Future Research Directions

Future research should explore longitudinal designs to assess whether attitudes and
behavioural intentions change following exposure to conservation education programs. Tracking
participants over time would help determine the lasting impacts of various educational
approaches. These should test whether interventions that distinctly target fear versus disgust
yield differential improvements in attitudes and conservation behaviors. Incorporating
psychophysiological indices (e.g., heart-rate variability) could further clarify whether
self-reported fear and disgust correspond to unique biological signatures (Rohrmann, Hopp, &
Quirin, 2008).

Further investigation is needed into the role of cultural and religious narratives in shaping
snake perceptions. Understanding how particular belief systems contribute to fear and disgust
can inform the design of culturally sensitive educational content that better resonates with target
audiences.

Expanding research to include more diverse populations is essential for generalizing
findings and tailoring interventions. Additionally, future studies could evaluate the effectiveness
of specific program formats in reducing fear and disgust among different audience segments. By
addressing these gaps, future work can build on the current study’s findings to create more

effective, targeted conservation education programs.

5. Conclusion

The results of this study have important implications for the design of conservation
education programs. First, the clear distinction between fear and disgust suggests that programs
must tailor their content and delivery methods to target these specific emotions. For individuals
driven by fear, providing accurate information about snake behavior, safety, and the rarity of
dangerous encounters may help reduce anxiety. For those experiencing disgust, interventions
might focus on aesthetic appreciation, introducing participants to the beauty and ecological value

of diverse snake species.
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Programs offering live animal encounters were the most popular option among
participants, supporting the value of hands-on, experiential learning in fostering positive
attitudes. However, for participants with high levels of fear or disgust, media-based programs
(e.g., videos, podcasts) may offer a more accessible starting point. Incremental exposure,
beginning with photos or videos and gradually introducing live experiences, may help build
comfort and willingness to engage.

Targeted outreach is essential. Older adults, religious individuals, and those with little
prior exposure to snakes are key demographics for intervention. Educational content should also
emphasize the role of snakes in local ecosystems, countering the misconception that conservation
is only necessary for exotic species. Highlighting the presence of endangered Canadian snakes
may help foster a sense of connection and responsibility.

Importantly, programs must go beyond factual knowledge to address the emotional and
cultural narratives that shape snake attitudes. Incorporating storytelling, cultural reframing, and
opportunities for safe, positive encounters with snakes can help bridge the gap between cognitive
understanding and emotional acceptance.

Overall, these findings support the need for multifaceted conservation education
strategies that combine factual information with emotional engagement, tailored to specific
audience needs. By addressing the underlying drivers of negative attitudes, particularly fear and
disgust, conservation programs can more effectively promote positive perceptions of snakes and

encourage participation in conservation efforts.
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Appendix A

Attitudes Towards Snakes

QO Please read the following information and then scroll to the bottom to accept or decline your
consent to participate in this survey. Thank you!

Purpose of the Research: The purpose of this survey is to assess people's feelings towards
snakes. Due to the negative feelings that some people have toward snakes, it is often difficult to
productively discuss conservation of these highly endangered species. Data from this study will
help design educational tools for snake conservation.

What You Will Be Asked to Do in the Research: You will be asked to complete 23 short
questions about your attitudes, experiences and feelings toward snakes. This should take no
more than 10 minutes.

Risks and Discomforts: We do not foresee any risks or discomfort from your participation in the
research, although you may feel uncomfortable or anxious when describing potentially negative
feelings towards snakes.

Benefits of the Research and Benefits to You: Your opinion will be used to inform scientists and
conservation specialists regarding opinions on snakes and inform the development of educational
tools used for conservation. By completing this survey, you are contributing to a larger
discussion between citizens and scientists about an important issue.

Voluntary Participation: Your participation in the study is completely voluntary and you may
choose to stop participating at any time. Withdrawal from the Study: You can stop participating
in the study at any time, for any reason, if you so decide. Your decision to stop participating, or
to refuse to answer particular questions, will not affect your relationship with the researcher or
York University. In the event you withdraw from the study, all associated data will be
immediately deleted.

Confidentiality: All information you supply during the research will be held in confidence and
you will remain anonymous to the researchers. Your data will be safely stored and backed up and
only the researchers will have access to this information. The data will be archived until 1
January, 2029, and then completely deleted. Your email address will not be connected in any
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way to your responses to the survey. The researcher acknowledges that the host of the online
survey (Qualtrics) may automatically collect participant data without their knowledge (i.e., I[P
addresses). Although this information may be provided or made accessible to the researchers, it
will not be used or saved without participant’s consent on the researcher’s system. Because this
project employs e-based collection techniques, data may be subject to access by third parties as a
result of various security legislation now in place in many countries and thus the confidentiality
and privacy of data cannot be guaranteed during web-based transmission. Please note that at the
end of the study, anonymous data may be deposited into one or more publicly accessible
scientific repositories, such as York University Dataverse, and institutional research data
repository, managed by York University Libraries and provided by Scholars Portal on behalf of
the Ontario Council of University Libraries (OCUL), through which researchers from around the
world will have access to these data for future research , through a standard data sharing license.
If Dataverse is used, York University Dataverse does NOT accept content that contains
confidential or sensitive information. Dataverse can be used to share de-identified and non-
confidential data only. Contributors are required to remove, replace or redact such information
from datasets prior to upload. Scholars Portal makes backup copies of the uploaded data
regularly in the event of a server or system malfunction, malicious attack or other technical
issues.

Questions About the Research? If you have questions about the research in general or about your
role in the study, please feel free to contact Dr. Suzanne MacDonald, either by telephone at (416)
736-2100, extension 33970 or by e-mail at suzmac@yorku.ca. This research has been reviewed
and approved by the Human Participants Review Sub-Committee, York University’s Ethics
Review Board, and conforms to the standards of the Canadian Tri-Council Research Ethics
guidelines. If you have any questions about this process, or about your rights as a participant in
the study, please contact the Sr. Manager & Policy Advisor for the Office of Research Ethics, 5th
Floor, York Research Tower, York University (telephone 416-736-5914 or e-mail
ore@yorku.ca).

By clicking "I consent" below, you acknowledge that you have read this information and agree to

participate in this research, with the knowledge that you are free to withdraw your participation
at any time without penalty.

I consent

I do NOT consent



QI (Select all that apply) I have lived in a setting:

Urban (city)

Rural

Suburban

Q2 Do you visit/own a cottage?

Yes

No

Q3 Have you ever had pets?

No

Yes
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Q4 Which of the following pets have you lived with?

Cats

Dogs

Birds

Fish

Rodents (hamsters, guinea pigs, etc.)

Reptiles (lizards, snakes, etc.)

Amphibians (frogs, toads, etc)

Insects/Arachnids (spiders, etc.)

Other (please specity)

QS5 (Select all that apply) What is your experience with snakes?

Encountered snakes in the wild

Seen snakes at zoos/exhibits

Met a pet snake

Owned a pet snake

Through media (screens, books, etc)
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Q6 How do you feel about snakes?

Somewhat
agree

Strongly
agree

I am afraid of
snakes
I like snakes
Snakes are
disgusting

Snakes are
cool

Snakes are
creepy

Snakes make
me feel
uncomfortable

Snakes are
gross

Neither agree
nor disagree

Somewhat
disagree

Strongly
disagree
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Q7 (Select all that apply) I dislike snakes because:

They could be venomous

They scare me

I don't know enough about them

I have had a bad encounter with a snake

They could hurt me

They carry diseases

The way they are presented in the media

The way they move/slither

Q8 How do you feel about each of these statements?

I can't look at
photos or
videos of

snakes

I enjoy
seeing snakes
at the zoo

Some snakes
are very
pretty to look
at

I am only

scared of

VENnomous
snakes

Strongly Somewhat  Neither agree =~ Somewhat
agree agree nor disagree disagree

Strongly
disagree
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QO (Select all that apply) I believe that snakes are:

Bad luck

Evil

None of the above

Q10 (Select all that apply) Members of my family believe snakes are:

Bad luck

Evil

None of the above

Q11 If you encountered a snake outdoors would you:
Avoid it
Move it away
Kill it
Observe it
Q12 Do you believe snakes are important to the environment?

No

Yes
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Q13 (Select all that apply, leave blank if none apply) I would consider myself to have a
fear/dislike of:

Rats

Snakes

Bats

Spiders

Other animals (please specify)




Q14 How do you feel about each of these statements?

Strongly Somewhat  Neither agree =~ Somewhat Strongly
agree agree nor disagree disagree disagree

Endangered
snakes have a
right to live

It 1s important
that we
conserve
natural
environments
where snakes
live

I like learning
about
endangered
species

The law
should allow
for killing
and hunting
snakes
it is
unnecessary
to protect
snakes in
Canada
because they
live in other
parts of the
world

Q15 Did you know that there are endangered snakes in Canada?

No

Yes



Q16 Would you be willing to participate in an environmental education program about snakes?

Yes

No

Q17 (Select all that apply, leave blank if none apply) Which of these programs would you be
open to trying?

Live ambassador/encounter with live animal

Video lessons

Guided zoo tour with no animal contact

Audio lessons/podcast (no pictures)

Other suggestions
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Q18 What is your highest level of education?

High school

Some college or university
College diploma
Bachelor's degree

Master's Degree

Doctorate

None of the above



Q19 What is your gender?
Male
Female
Non-binary / third gender
Prefer not to say

Q20 Were you born in Canada?
Yes

No

Q21 What country were you born in?

Q22 What is your age? (In years)
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Q23 What is your present religion, if any?

Christian

Muslim

Hindu

Jewish

Buddhist

Atheist

Agnostic

Other (please specify)

Prefer not to say
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Snakes are gross

Snakes make me uncomfortable

Snakes are creepy

Snakes are cool

Snakes are disgusting

| like snakes

| am afraid of snakes
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Figure 1. Distribution of participant responses to Likert-scale items measuring attitudes toward

snakes (n = 369).



Endangered snakes have right to live

Important to conserve snake environments

Enjoy learning about endangered species

Snake killing/hunting should be legal

Canadian snakes don't need protection

Figure 2. Distribution of participant responses measuring conservation attitudes toward snakes

(n = 369).
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Religion: Religious I @ |

Gender: Female k & |

Age Group: 55+ | ® |
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Figure 3. Odds ratios for demographic predictors of negative attitudes towards snakes (n = 369).
Green markers indicate statistically significant predictors (p <.05); black markers indicate non-
significant predictors. Odds ratios greater than 1 reflect increased likelihood of reporting
negative attitudes. Reference = Non-religious, Male, 18-27.
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Figure 4. Predicted probability of willingness to participate in a snake conservation education
program by age group, gender, and religiosity (n = 369).
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Figure 5. Predicted probability of willingness to participate in a snake conservation education
program by age group, gender, religiosity, and snake attitude group (n = 369).
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Figure 6. Odds ratios for willingness to participate in specific formats of snake conservation
education programs based on attitude group (n = 196). Reference = Positive.



