ABSTRACT
PEDROZO, CHARMAINE GERASMO. Candid Critters and Wildlife Conservation Behaviors:
Exploring the Broader Impacts of Citizen Science Participation. (Under the direction of Dr.
Lincoln Larson).
Exponential human population growth has and associated development has encroached
on wildlife habitat, resulting in increasing amounts of human-wildlife encounters. Within this
context, actions that promote environmental stewardship are more important than ever. Today,
there is a growing body of research highlighting the importance of understanding humanenvironment interactions and identifying factors influencing adoption of certain behaviors,
particularly those that minimize ecological harm and support environmental stewardship, often
called ‘pro-environmental behaviors’.
The first part of this study explored factors that encourage pro-environmental behaviors
by looking closely at a specific type of behavior: wildlife conservation behavior (WCB). We
surveyed participants (n = 221) in the Candid Critters citizen science project, a project where
volunteers document local mammals through camera trapping. Using a multiple regression
analysis and controlling for demographic variables, we found that WCBs are significantly
associated with mutualistic wildlife value orientations as well as affective variables such as
pleasant emotions towards wildlife, sense of place, and connection to nature. We also observed
connections between WCBs, various outdoor recreation activities, and citizen science
participation. Results illustrated the importance of simultaneously considering cognitive,
affective, and contextual factors when attempting to understand and predict WCB. This is
particularly important for wildlife agencies attempting to communicate with and influence
diverse stakeholders’ actions with respect to specific wildlife species.

The second part of this study evaluated the broader outcomes of the Candid Critters
citizen science project. Using a quasi-experimental, pre-post survey approach with the volunteers
in Candid Critters, we compared volunteers who actively engaged in the project by deploying at
least one camera as the treatment group (n = 61) and those who registered but did not
participated as the control group (n = 52). We investigated project outcomes including cognitive
variables (wildlife value orientation, coexistence), affective variables (emotions towards wildlife,
sense of place, and connection to nature), behavior (WCB), and science efficacy. After
controlling for demographic differences and accounting for small sample size, unequal variances,
and multiple comparisons, we found that the treatment had significant effects on the volunteers’
sense of place, connection to nature, and science efficacy. Sense of place and connection to
nature are affective variables, meaning citizen science has the capacity to change people’s
feelings towards a particular topic. Additionally, consistent with previous findings, Candid
Critters increased the volunteers’ science efficacy, helping them build scientific skills and
increase their affinity for science. In conclusion, citizen science projects can do more than just
generate data; they can also impact the volunteers. Going forward, citizen science projects could
therefore integrate these broader learning outcomes for volunteers as goals within the project
itself.
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CHAPTER ONE
INTRODUCTION AND LITERATURE REVIEW

Introduction
Exponential growth of the human population has been accompanied by accelerated
expansion of agricultural areas, urban areas, and infrastructure. The rate at which these human
activities are impacting animals and their ecosystems around the globe have led scholars to argue
that we have entered a new geological epoch dubbed the “Anthropocene”. For instance,
urbanization can significantly alter biological communities by providing opportunities for habitat
generalists to thrive, thus displacing native and/or endemic species. In terms of population
distribution, land species are moving to cooler, higher elevation areas while aquatic species are
moving to colder water at greater depths. More notably, the new epoch is marked by a sixth mass
extinction as estimates suggest that the Earth could lose half of its biodiversity by the year 2100
if we continue to neglect negative human impacts. As a result, researchers have begun to stress
the importance of understanding and addressing conservation issues across anthropogenic
biomes by focusing on both the ecological and social systems in which they exist.
Within this context, environmental stewardship is more important than ever. Public
engagement in conservation efforts and policy formulation is beneficial in taking actions to
protect the Earth and mitigate the negative impacts directly caused by human behaviors.
However, if people do not understand or value the threatened natural resources we still have,
how will they help reduce their impacts? Today, there is a growing body of research highlighting
the importance of understanding human-environment interactions and identifying factors
influencing adoption of certain behaviors, particularly those that minimize ecological harm and
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support environmental stewardship, often called ‘pro-environmental behaviors’ (PEB). Lessons
learned from this research could prove pivotal in efforts to ensure long-term sustainability in the
Anthropocene.
This study is designed to explore the factors that would encourage pro-environmental
behaviors by looking closely at a specific type of behavior: wildlife conservation behavior. Due
to people’s varying views on how to manage wildlife, today’s wildlife populations can be
negatively impacted through mismanagement. This stems, in part, from inadequate information
about diverse stakeholder groups (including the general public) and their views of wildlife and
conservation. Thus, this research aims to explore these stakeholders through variables that could
potentially influence their wildlife conservation behaviors (e.g., wildlife value orientations,
emotions towards wildlife, connection to nature, and sense of place).
We investigated these relationships within the context of a citizen science project.
Growing evidence suggests that citizen science has the capacity to influence environmental
knowledge, attitudes, and behaviors. In other words, studies suggest that citizen science could
influence not just conservation behaviors, but also its antecedents, the factors that contribute to
it. Our study explored these possibilities and evaluated the potential of Candid Critters, a citizen
science project, to enhance these conservation outcomes.

Wildlife Conservation Behavior
The early 20th century brought the realization of a widespread loss of wildlife populations
due to overexploitation, causing the emergence of the wildlife profession. Hence, conservation
programs formed around wildlife management—specifically game management—and
participation in hunting and fishing was viewed as an important component (Teel & Manfredo,
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2010). As the public domain evolved, so did the wildlife profession. For instance, a growing
involvement of social scientists has led to the emergence of specializations such as human
dimensions of wildlife and education of wildlife, both encompassing the topic of wildlife
conservation (Teel & Manfredo 2010; Manfredo et al. 1995). Today, there is an increasing
recognition that different stakeholder groups have a key part to play in wildlife conservation.
What makes wildlife conservation so important? One of the justifications for wildlife
conservation is the importance of the role that genetic diversity plays in developing food
resources. Greater genetic diversity provides more opportunities for scientists to develop food
sources that would cater to different diets (Toledo & Burlingame, 2006; Margules & Usher,
1981). This is particularly important as more specific diets arise (e.g. veganism). Another
justification is that organisms have a right to exist because they have already done so for a long
time; thus, it is reasonable that they should continue on living on Earth for an even longer time
(George et al. 2016; Margules & Usher, 1981). That is, people should put more effort towards
preventing species extinctions. Overall, there are various goals for wildlife conservation that can
range from preservation of rare or unique species and fragile environments to maintenance of
diversity, stability, and protection of representation ecosystem samples (Margules & Usher,
1981). Today, modern zoos and aquariums increasingly see themselves as centers of education
and conservation informing people about these justifications, and trying to achieve these goals
(Gusset & Dick 2011; Miller et al., 2004). Previous studies show that large numbers of visitors
and the amount of money they spent suggest that the zoo and aquarium community has the
potential to play an important role in wildlife conservation and environmental education (Gusset
& Dick 2011; Zimmermann et al., 2007; Dick & Gusset 2010). However, zoos and aquariums
are just one place where humans encounter wildlife, and those experiences are typically
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contrived or inauthentic. More often, human-wildlife encounters occur in natural settings such as
a neighborhood street or a backyard. These encounters could play a pivotal role in the way
people think about and respond to wildlife, creating impacts on wildlife-related behaviors. It is
largely unclear whether people truly learn from these experiences, however, and if these
experiences ultimately shape responses to wildlife. Therefore, it is imperative to determine what
variables can potentially influence wildlife conservation behaviors so researchers can better
understand the impacts of these various wildlife encounters.
Wildlife conservation behaviors take many forms. Shifts in attitudes toward wildlife may
be indicative of the growing concern for the welfare of both wild and domestic animals as shown
by increasing human interventions to protect these animals (George et al. 2016). As an example,
artificial nest boxes are created for cavity-nesting birds to help their population increase after
declining due to loss of habitat caused by a dramatic decline in standing dead trees (Brossard et
al., 2005). Some people even put out bird feeders in their gardens, which is shown to have
contemporary effects by reducing the risk of starvation, especially during winter (Robb et al.,
2008). Conservation can also be manifested in the form of social environmentalism, where
people talk to others about conservation issues or recruit them to join a conservation-related
group and civic engagement, where people vote or petition in support of wildlife-related issues
(Larson et al., 2015). All of these actions impact conservation in different ways. A key question
then becomes: what factors determine people’s decision to adopt similar wildlife conservation
behaviors?
Behavioral models highlight a variety of factors that have the potential to influence
wildlife conservation behavior. To date, literature has often focused on cognitive drivers of
behavior operating at the individual level (e.g., values, attitudes, norms), but affective

4

components (e.g., emotional dispositions) and variables operating at broader social-ecological
scales (e.g., sense of place) may be as equally important (Larson et al., 2018). Our study
hypothesized that wildlife conservation behaviors are influenced by multiple factors operating at
different scales. Specifically, we examined the influence of two variables operating at the
individual level: wildlife-based value orientations (cognitive) and emotions towards wildlife
(affective). We will also examine the influence of broader contextual variables defined by
human-environment interactions at the community scale: connections to nature and sense of
place.

Wildlife Value Orientations
Values have been described as “abstractions from which attitudes and behaviors are
manufactured” (Homer & Kahle, 1988; Manfredo et al., 2009). Consequently, value orientations
consist of networks of basic beliefs that organize around values and provide contextual meaning
to those values in relation to a particular domain, such as wildlife (Teel & Manfredo, 2010,
Manfredo et al., 2009; Rohan, 2000). This means that people can have the same value but differ
in their value orientations. Specific to wildlife, wildlife value orientations are a person’s
fundamental values towards wildlife (Teel & Manfredo, 2009). Dominionistic wildlife value
orientation reflects the extent to which an individual’s values are shaped by human mastery over
wildlife, while mutualistic wildlife value orientation views wildlife as capable of living alongside
humans as life forms deserving of caring and compassion (Manfredo et al., 2003; Manfredo et
al., 2009). For example, studies have shown that individual attitudes towards hunting and
hunting outcomes may be driven by value orientations that reflect both these dominionistic (e.g.,
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affinity for rural pastimes) and mutualistic (e.g., passion for animal welfare) ends of the
spectrum (Larson et al., 2014).
Research on wildlife value orientations in the United States suggest a gradual shift from a
traditionally “dominionistic” orientation to a more “mutualistic” orientation (George et al., 2016;
Manfredo et al., 2017). However, the impact of these shifting value orientations on conservation
behavior remains uncertain. Some studies highlight strong connections between values/beliefs,
attitudes, and behavior (e.g., Ajzen, 2012), while others reveal weak to moderate correlations and
variable predictive power with respect to attitude-behavior consistency (Heimlich and Ardoin,
2008). As wildlife value orientations shift, so can attitudes and behaviors toward wildlife. For
example, people with a mutualistic orientation are less supportive of forms of management or
individual behaviors that can result in death or harm to wildlife (Manfredo, Teel, & Henry, 2009;
Teel & Manfredo, 2009). In the context of animal welfare, a person holding positive attitudes
towards species is more likely to have a higher concern for that species’ welfare; in turn, the
person respond with judgment, decisions and behavior that reflect this concern (George et al.,
2016; Taylor & Signal, 2005). Thus, wildlife value orientations might have a positive effect on
people’s decision to adopt specific wildlife conservation behaviors. Because research suggest
that wildlife value orientations are stable, participation in a citizen science context might not
have an effect on a person’s wildlife value orientations. To further explore these relationships,
our study will examine links between wildlife value orientations and conservation behavior.

Emotions towards Wildlife
Human dimensions on wildlife research has predominantly focused on cognitions such as
wildlife value orientations, but scholars are now recognizing the importance of emotions in
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understanding human-wildlife interactions (Jacobs, Fehres, & Campbell, 2012; Jacobs, Vaske, &
Roemer, 2012; Jacobs, Vaske, Teel, & Manfredo, 2012; Jacobs, 2009; Manfredo, 2008).
Although rational logic models typically guide professional wildlife management practices,
individual decisions about wildlife are not driven solely by conscious, analytical cognitions
(Larson et al., 2016). As the evolutionary theory suggests, humans have a strong predisposition
to react emotionally to animals (Jacobs, 2009; Kellert & Wilson, 1993; Larson, Cooper, &
Hauber, 2016). It also suggested that emotional dispositions toward wildlife exist on the level of
species. This may explain why a person can have a dispositional fear of snakes, but not of bears
(Jacobs, Vaske, & Roemer, 2012a). Snakes have always been portrayed as “bad” and “evil”
while bears, though dangerous themselves, are portrayed as “cute” and “cuddly.” Indeed, a
previous study concluded that mammals were cited as the best encounter with wildlife, followed
by birds, reptiles/amphibians, and fish (Hicks & Stewart, 2017).
Supported by research, behaviors can be the result of the interplay between cognitive and
affective processes, which can drive specific types of behaviors such as wildlife conservation
behaviors (Jacobs et al., 2014; Heimlich & Ardoin, 2008; Toomey & Domroese, 2013). Thus, to
understand behavior, it may be necessary to analyze a person’s affect or emotions when it comes
to the emotionally-charged human-wildlife encounters where an individual may experience
emotions like worry, excitement, fear or pleasure (Hudenko, 2012). In this study, assessed
people’s emotional responses to different wildlife species.
The chosen wildlife species representing North Carolina’s local wildlife are raccoons,
coyotes, bears, and deer. The US Fish and Wildlife Services recognizes raccoons as a common,
urban nuisance species, and the United States Department of Agriculture (USDA) recognizes
raccoons as a common crop predator (George et al., 2016). Meanwhile, coyotes are able to
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exploit resources unknowingly provided by urban residents, causing annoyances (Wine et al.,
2015; Fedriana et al., 2001). On the other hand, in a survey on wildlife encounters, respondents
stated that bears and deer were positive wildlife encounters (Hicks & Stewart, 2017). Therefore,
it might be reasonable to expect that emotions towards bears and deer would be more positive
compared to raccoons and coyotes. A wildlife-based citizen science project have the opportunity
to give participants different experiences with different species. Therefore, in a citizen science
context, participation might have an effect on people’s emotions towards wildlife species.

Sense of Place
Although many models of behaviors focus on the individual reactions to specific stimuli
(e.g., wildlife), the increasingly prevalence of social-ecological behavioral frameworks
highlights the need to account for broader contextual factors as well (Larson et al., 2014). For
example, fields such as natural resource sociology, and environmental psychology are
increasingly emphasizing relationships between people and place (i.e., sense of place) as a
precursor to conservation (Ardoin, Schuh, & Gould, 2012; Brehm, Eisenhauer, & Krannich,
2006; Lewicka, 2011; Scannell & Gifford, 2010). This is achieved through programs and
activities that are designed to nurture and enhance a person’s sense of place—a geographical
connection that encompasses emotional, cognitive, and functional aspects (Ardoin, Schuh, &
Gould, 2012; Jorgensen & Stedman, 2006). In other words, an individual’s sense of place can be
described as a person’s emotional bond with a place through personal experiences, and can be
seen as a complex phenomenon that can possibly motivate place-protective behavior and
engagement among local residents or even visitors (Ardoin, Schuh, & Gould, 2012; Windsor &
McVey, 2005; Halpenny, 2010).
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Sense of place explores how people connect with places and how those connections
influence individual and community engagement with the environment (Ardoin, Schuh, &
Gould, 2012; Jorgensen & Stedman, 2006). It can be conceptualized as having interconnected
dimensions adapted from various disciplines including biophysical, and sociocultural.
Biophysical characteristic refers to the landscape, plants, and animals that interact within the
ecosystem (Ardoin, Schuh, & Gould, 2012; Stedman 2003; Trentelman 2009). Meanwhile,
sociocultural characteristics refers to the social connections, concepts of community, cultural
practices, and socio-demographic conditions (Ardoin, Schuh, & Gould, 2012; Manzo & Perkins,
2006; Larson et al., 2018). If an individual has a strong sense of place, it is assumed that the
person has a well-established connection with his or her local area, thus motivating the person to
adopt more wildlife conservation behaviors to help the local ecosystem.
Citizen science projects that invite people to be involved in ecological research in their
own backyards or neighborhoods may provide rich opportunities for community members of all
ages to improve their sense of place (Evans et al., 2005). Thus, sense of place can possibly be a
factor determining whether people will be more likely to adopt wildlife conservation behaviors.

Connection to Nature
Connection to nature is another key that could help foster higher levels of ecological
behavior (Roszak, 1995; Mayer & Frantz, 2004). Such a connection can serve to fortify sense of
self, which is associated with understanding how an individual identifies his or her place in
nature, the value that he or she places on nature, and how he or she can affect nature (Cheng &
Monroe, 2012; Schultz, 2002). That is, a person who experiences inclusion with nature will feel
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committed in protecting it while an individual experiencing exclusion from nature will choose
himself or herself over nature (Cheng & Monroe, 2012).
The concept of connectedness to nature follows Aldo Leopold’s contention that people
need to feel that they are part of the broader natural world if they are to effectively address
environmental issues (Mayer and Frantz, 2004). This can be explained by the biophilia
hypothesis, which states that humans have an innate desire to relate to the natural environment,
evident in the popularity of outdoor recreational activities, zoos, gardening, our relationship with
animals, and our fondness of natural scenery (Kellert & Wilson, 1993; Hartig, Book, Garvill,
Olsson, & Garling, 1996; Ulrich et al., 1991; Tam 2013). That is, nature is a community to which
humans belong; hence, humans and nature are interdependent (Tam 2013). Modern empirical
work on interpersonal relationships supports Leopold’s assertion, and further clarifies that a
sense of “we-ness” can induce protective behavior towards nature, even if that behavior is
inconvenient (Frantz & Mayer, 2014).
The connection to nature scale was found to measure of people’s beliefs about their
connection to nature rather than a direct measure of their emotional connection to nature (Tam
2013; Perrin & Benassi 2009; Mayer & Frantz, 2004). With this clarification, to the extent that
connection to nature represents sense of caring, it could reliably lead to environmentallyresponsible behaviors (or pro-environmental behaviors) (Frantz & Mayer, 2014). Indeed, studies
conducted on adults showed that experiences in nature may increase the likelihood that people
will engage in environmentally-responsible behaviors, even more so if those experiences began
at an early age (Cheng & Monroe, 2012; Chawla, 2007; Nord, Luloff, & Bridger, 1998;
Theodori, Luloff, & Willits, 1998; Wells & Lekies, 2006). However, there has yet been a study
to determine to what extent connection to nature can influence behaviors.
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There has been research that shows relatively short exposures to nature, even via film or
through a window, increases connectedness to nature (Frantz & Mayer, 2014; Mayer, Frantz,
Bruehlman, Senecal, & Dolliver, 2009). Therefore, participation in a citizen-science project that
encourages nature connection can potentially have an effect on people’s likelihood to adopt
wildlife conservation behaviors. In this research, we explored associations between connection to
nature and wildlife conservation behavior by utilizing the Nature Relatedness (NR) scale, a
construct that assesses the affective, cognitive, and experiential aspects of an individual’s
connection to nature (Nisbet et al., 2009).

A Role for Citizen Science
To determine the relative influence of the aforementioned factors on wildlife
conservation behavior, it is important to identify a context or system within which they can be
investigated. Citizen science provides one such venue—particularly projects whose participants
have a vested interest in wildlife.
Citizen science is the collection of scientific data involving volunteers by partnering
scientists with members of the public to conduct research; thus, improving links among research,
education, and action (Toomey & Domroese, 2013; Brewer, 2006). Thousands of citizen science
projects have engaged millions of individuals in collecting, categorizing, transcribing, or
analyzing scientific data—many of them not having professional training as scientists (Bonney et
al., 2014). Volunteers have freedom to participate in as little or a lot of the scientific process, but
the overall experience fosters personal connections, which can lead to collaborations that have
broader impacts on nature (McKinley et al., 2017; Forrester et al., 2016). These citizen science
projects utilize innovative strategies to inspire active engagement in conservation-related issues,
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and thereby could foster higher levels of nature-based recreation, ecological knowledge, and
environmental concern.
Today, SciStarter contains the largest roster of projects of approximately 1300 active
projects, and about 2000 in the directory. Research studies show that these citizen science
projects have successfully advanced scientific knowledge, especially in the ecological field by
increasing the scale of field studies with continent-wide, centralized monitoring efforts and,
large, coordinated, field experiments (Bonney et al., 2009; Dickinson et al., 2012). Ecological
projects range from local (stream pollution, air quality) to global (animal migrations, population
monitoring) and focus on a diversity of organisms (McKinley et al. 2017). The immense capacity
of citizen science to harness volunteers facilitates the practical collection of data at scales
relevant to species range shifts, migration patterns, spread of infectious disease, broad-scale
population trends, and impacts of environmental processes (Dickinson, Zuckerberg, & Bonter,
2010). Irrespective of those ecological goals, however, there is an increasing need for data on
their social impacts, including potential impacts on wildlife conservation behavior (Crall et al.,
2012).
Besides providing the opportunity for scientific experience, citizen science projects may
also have significant social outcomes, such as environmental stewardship and making volunteers
feel empowered to make changes (Bonney et al., 2014; Bonney et al., 2009). For example,
participation in an invasive plant citizen science training program resulted in an increase in selfreported intention to engage in pro-environmental activities (Crall et al., 2011; Crall et al., 2012).
Additionally, a study on water quality monitoring project in New York concluded that
volunteers, influenced by their participation in the citizen science project, engaged in more
conservation behaviors by routinely educating others about water quality concerns (Cooper et al.,
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2017). It is noteworthy that one of the strengths of citizen science research is its potential to
address conservation problems across entire range of species (Dickinson et al, 2012). For
instance, in a study on a collective group of citizen science projects focused on butterflies,
researchers found that participants who were encouraged to engage in conservation by their
citizen science projects were more likely to increase their engagement in conservation
(Lewandowski & Oberhauser, 2015). A few more studies have cited the potential of citizen
science to empower and engage participants in conservation actions through the development of
pro-environmental attitudes and behaviors (Cooper, Dickinson, Phillips, & Bonney, 2007;
Danielsen et al., 2009; Toomey & Domroese, 2013). Therefore, citizen science projects could
potentially foster engagement in wildlife conservation behaviors.
Our study focused on the Candid Critters citizen science project. Candid Critters was
launched by a collaboration between the North Carolina Wildlife Resource Commission
(NCWRC), the North Carolina Museum of Natural Sciences (NCMNS), and North Carolina
State University (NCSU). It is a sub-project of the eMammal citizen science project, which uses
camera trapping as a tool to engage the public with wildlife research. As Candid Critters is a
wildlife-focused citizen science project, it represents an ideal mechanism through which we can
evaluate the factors that influence wildlife conservation behavior, and the impacts of citizen
science participation on that behavior. It can be assumed that volunteers in this project have the
chance to get exposed to wildlife animals, as well as conservation issues related to animals. In
congruence, there is the assumption that engagement in citizen science leads to attitude and
behavior change among participants with regard to environmental conservation (Cooper et al.,
2007; Crall et al., 2012; Toomey & Domroese, 2013).

13

Research Objectives
Our overarching research objectives in this study are:
1. To evaluate the relative influence of wildlife value orientations, emotions towards wildlife,
sense of place, and connection to nature on wildlife conservation behavior while controlling
for demographics, outdoor recreation participation, and breadth/depth of citizen science
engagement.
➢ Hypothesis: Wildlife value orientations, emotions towards wildlife, sense of place,
connection to nature, and breadth/depth of citizen science engagement will all have a
positive effect on wildlife conservation behavior
2. To evaluate the influence of participation in the Candid Critters citizen science project on
wildlife value orientations, emotions towards wildlife, sense of place, connection to nature,
wildlife conservation behavior, and science efficacy.
➢ Hypothesis: Participation in Candid Critters will have a positive effect on wildlife value
orientations, emotions towards wildlife, sense of place, connection to nature, and wildlife
conservation behavior.

Thesis Format
This thesis is written in manuscript format. Chapter 1 introduces the study, and
summarizes past research on wildlife conservation behaviors and broader impacts of citizen
science. This chapter also presents the general research objectives that guided the study.
Chapters 2 and 3 are manuscripts that will be submitted for publication. Although
recommendations and management implications are incorporated throughout the manuscript-

14

style chapters, Chapter 4 provides a concise summary and recommendations based on results of
the overall project. Chapter titles are listed below:
•

Chapter 1 – Literature Review, Research Objectives, and Thesis Format

•

Chapter 2 – Predicting Wildlife Conservation Behavior in a Citizen Science Context

•

Chapter 3 – The Broader Outcomes of Citizen Science: How Does Participation Impact
Volunteers?

•

Chapter 4 – Summary and Management Implications
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CHAPTER TWO
PREDICTING WILDLIFE CONSERVATION BEHAVIOR IN A CITIZEN SCIENCE
CONTEXT

Abstract
Individuals’ participation in pro-environmental behaviors can enhance global
conservation efforts. Our study explored factors influencing pro-environmental behaviors by
examining specific actions impacting wildlife. We hypothesized that wildlife conservation
behaviors (WCB) would be affected by both cognitive and affective drivers operating at different
scales ranging from relationships with specific species to broader environmental contexts.
We surveyed participants (n = 221) in the Candid Critters citizen science project, a
project in North Carolina based on the eMammal platform where volunteers document local
wildlife through camera trap photos. Using multiple regression analysis (r2 = 0.392) that
controlled for demographic variables, we found that WCB were significantly associated by
mutualistic wildlife value orientations (B = 0.140, p = 0.020), pleasant emotions towards wildlife
(B = 0.173, p = 0.002), sense of place (B = 0.133, p-value = 0.017), connection to nature (B =
0.291, p < 0.001), and breadth of citizen science participation (B = 0.276, p < 0.001).
Results illustrate the importance of simultaneously considering cognitive, affective, and
contextual factors when attempting to understand and predict wildlife conservation behaviors.
Findings also illuminate potential connections between citizen science participation and
environmental stewardship action. Future research should continue to explore these relationships
beyond the wildlife sector to examine if and how citizen science can help facilitate positive
conservation outcomes.
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Introduction
Exponential growth of the human population has been accompanied by accelerated
expansion of agricultural areas, urban areas, and infrastructure. The rate at which these human
activities are impacting animals and their ecosystems around the globe have led scholars to argue
that we have entered a new geological epoch dubbed the “Anthropocene” (Dickinson et al.,
2012; George, Slagle, Wilson, Moeller, & Bruskotter, 2016; Steffen, Broadgate, Deutsch,
Gaffney, & Ludwig, 2015). For instance, urbanization can significantly alter biological
communities by providing opportunities for habitat generalists to thrive, thus displacing native
and/or endemic species (Wine, Gagne, & Meentemeyer, 2015). In terms of population
distribution, land species are moving to cooler, higher elevation areas while aquatic species are
moving to colder water at greater depths (Pecl et al., 2017). More notably, the new epoch is
marked by a sixth mass extinction as estimates suggest that the Earth could lose half of its
biodiversity by the year 2100 if we continue to neglect to address negative human impacts
(Barnosky et al., 2011; Bellard, Bertelsmeier, Leadley, Thuiller, & Courchamp, 2012; George et
al., 2016). As a result, researchers have begun to stress the importance of understanding and
addressing conservation issues across human-altered ecosystems by focusing on both the
ecological and social systems in which they exist (Dickinson et al., 2012; Ellis & Ramankutty,
2008).
Within this context, environmental stewardship is more important than ever. Public
engagement in conservation and policy formulation is needed to facilitate actions that protect the
Earth and mitigate the negative impacts directly caused by human behaviors (Jordan, Gray,
Howe, Brooks, & Ehrenfeld, 2011). This is especially important in regards to private lands,
where the future of these lands rely on the decisions of the landowners’ themselves. Private lands
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encompass most of the land in the United States; therefore, protecting these large amount of
lands requires engaging the landowners in conservation efforts (Sorice, Haider, Conner, &
Ditton, 2011). Thus, if people do not understand or value the natural resources they own, then it
is unlikely that they will act to conserve these resources (Dickinson et al., 2012; Cooper et al.,
2012).
Today, there is a growing body of research highlighting the importance of understanding
human-environment interactions and identifying factors influencing adoption of certain
behaviors, particularly those that minimize ecological harm and support environmental
stewardship, often called pro-environmental behaviors (PEB) (Ardoin, Schuh, & Gould, 2012;
Ehrlich & Kennedy, 2005; Kaplan, 2000; Larson, Stedman, Cooper, & Decker, 2015). Efforts to
understand the antecedents of these behaviors are critical to encouraging them (Steg & Vlek,
2009). There are several theories highlighting common factors influencing behaviors. For
example, the Theory of Planned Behavior, further developed into the Theory of Reasoned
Action, models how attitudes, subjective norms, and perceived behavioral controls are predictors
of behaviors (Ajzen, 1991; Ajzen & Fishbein, 1980; Fishbein & Ajzen, 2010). Building onto
this, the Value-Belief-Norm Theory incorporated values and environmental concern as predictors
of behaviors (Stern, 1999), focusing on how people view their relationships with the
environment. Additionally, the social-ecological model integrated a broader context into what
influences behaviors (Sallis, 2006). In this study, we combined elements of these various theories
and integrated another aspect – affective orientations (Hudenko, 2012) – in attempt to more
effectively predict pro-environmental behaviors. We focused on four factors: two that were
wildlife-specific (e.g., value orientations and emotions) and two that encompassed a broader
environmental context (e.g., sense of place and connection to nature).
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Values, or fundamental belief structures, help individuals interpret their social-ecological
surroundings and guide how they manage their relationships with those surroundings (Larson,
Cook, Strawhacker, & Hall, 2010; Manfredo, Teel, & Dietsch, 2016). The cognitive hierarchy
predicts that general value orientations affect people’s attitudes towards specific objects and
situations; these, in turn, influence behaviors (Vaske & Donnelly, 1999). For instance, in a study
looking at wildlife preservation voting intentions, individuals with biocentric value orientation
(i.e. those believing all living things have an inherent value) were more likely to vote for
wildland preservation. In contrast, individuals with anthropocentric value orientations (i.e. those
believing humans are the most important of all living things) were more likely to support
expansion of private lands onto public land (Vaske & Donnelly, 1999). This example shows how
value orientations can play a significant role in people’s behavioral intentions, which is thought
to directly predict actual behaviors. Specifically, greater emphasis on people’s value orientations
may help in providing context on why people choose an action. Understanding value structures
can help agencies foster collaborative approaches between diverse stakeholders to ultimately
support conservation efforts, such as pro-environmental behaviors (Manfredo et al., 2016).
Although previous research has predominantly focused on cognitions such as values,
many studies also suggest behaviors can be the result of the interplay between cognitive (i.e.
value orientations) and affective processes (i.e. emotions) (Heimlich & Ardoin, 2008; Jacobs,
Vaske, & Dubois, 2014; Toomey & Domroese, 2013). This is especially important in
emotionally charged events, such as those related to human-wildlife encounters. Whether it is
positive or negative, emotions play a key role in our experiences with and our responses to
wildlife (Hudenko, 2012; Jacobs, Fehres, & Campbell, 2012; Jacobs, Vaske, & Roemer, 2012).
In a study examining house sparrow management decisions by citizen science volunteers, results
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showed that emotional dispositions and general negative feelings were two of the strongest
predictors of management preferences (Larson, Cooper, & Hauber, 2016). Similarly, in another
study looking at human-coyote interactions, emotional dispositions towards coyote affected
whether a person supported lethal or non-lethal management of the species (Sponarski, Vaske, &
Bath, 2015). In both of these cases, management decisions seem to have stemmed from
emotions, further supporting the assertion that emotions should be integrated into behavior
models.
The increasing prevalence of social-ecological behavioral frameworks also highlights the
need to account for interacting forces operating across multiple scales. One of these broader
contextual factors is sense of place (Larson et al., 2018). Sense of place, which typically includes
the constructs of place meaning and place attachment, explores how people connect with places
and how those connections influence individual and community engagement with the
environment (Ardoin et al., 2012; Jorgensen & Stedman, 2006). This includes decisions about
engaging in pro-environmental behaviors. A recent study on birdwatching and hunting
participation showed that both environmental and socio-cultural factors significantly contributed
to pro-environmental behaviors, in large part due to their influence on place meanings and place
attachment (Larson, Cooper, Stedman, Decker, & Gagnon, 2018). These findings support the
idea that sense of place influences behavior, particularly actions impacting people’s relationship
with nature.
Another factor that could influence people’s participation in pro-environmental behaviors
is connection to nature. Aldo Leopold contended that people need to feel that they are part of the
broader natural world for them to effectively address environmental issues (Mayer & Frantz,
2004). That is, a person who experiences being connected with nature will feel committed in
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protecting it (Cheng & Monroe, 2012). Research has since shown that relatively short exposures
to nature, even via film, increases people’s connection to nature (Frantz & Mayer, 2014;Mayer,
Frantz, Bruehlman-Senecal, & Dolliver, 2009a). For example, in an article integrating three
studies on connection to nature, results consistently showed that participants exposed to nature
videos responded more cooperatively and indicated greater willingness to engage in proenvironmental behaviors (Zelenski, Dopko, & Capaldi, 2015). This is congruent with another
study concluding that connection to nature is an effective predictor of pro-environmental
behaviors (Geng, Xu, Ye, Zhou, & Zhou, 2015).
Our study is designed to integrate all of these different elements and explore the factors
associated with pro-environmental behavior by looking closely at one specific type of behavior:
wildlife conservation behavior (WCB). This focus is particularly important because research
indicates that inadequate knowledge of the contemporary American public’s diverse interests
with respect to wildlife is negatively impacting conservation efforts across the United States
(Decker et al., 2015; Manfredo, Teel, Sullivan, & Dietsch, 2017). An enhanced understanding of
WCB and the factors that influence it could help agencies effectively engage and respond to
different stakeholder groups, ultimately advancing conservation efforts.
We chose to investigate the potential antecedents of WCB through a wildlife-focused
citizen science project. Because the participants in our focal project already had a predisposition
toward understanding and protecting wildlife, they represented a good pilot population when
exploring the social variables affecting WCB. Furthermore, our focus on citizen science
participants enabled us to explore another question: could broader citizen science participation
also be linked to WCB? In a study of birders (who were eBird volunteers) and hunters, those
who did both recreation were greater conservationists (Cooper et al., 2015). In a more general
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scale, research shows that citizen science projects may have significant social outcomes,
including environmental stewardship, in making volunteers feel empowered to make changes
(Bonney et al., 2009; Bonney et al., 2014). Therefore, in this wildlife-centered citizen science,
both breadth of participation (engagement in multiple citizen science projects) and depth of
participation (more intense participation in the project) could also foster higher levels of WCB.
Our study’s primary objective was to build on existing studies of pro-environmental
behavior by examining the relative influence of potential cognitive and affective behavioral
antecedents operating at multiple scales from wildlife and species-specific perceptions to those
encompassing a broader environmental context (Figure 2.1). We hypothesized that, after
controlling for demographic variables, mutualistic wildlife value orientations (a cognitive
dimension), pleasant and high intensity emotions towards wildlife (an affective dimension)
would both be linked to greater participation in WCB. We also hypothesized that a stronger
sense of place and an enhanced connection to nature would be associated with higher levels of
WCB. Finally, we investigated relationships between citizen science participation (both in
Candid Critters and other projects) and conservation, hypothesizing more intense and varied
participation in citizen science would lead to greater participation in WCB.
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Figure 2.1. Potential factors influencing wildlife conservation behaviors.

Methods
The Candid Critters Project & Sample
Our study focused on the volunteers in the Candid Critters citizen science project, a
wildlife camera trapping project in North Carolina based on the Smithsonian’s eMammal
platform (www.nccandidcritters.org). Candid Critters is a collaboration between the North
Carolina Wildlife Resources Commission (NCWRC), North Carolina Museum of Natural
Sciences (NCMNS), and North Carolina State University (NCSU). The project began in
December 2016 in eastern North Carolina with an initial cohort of 120 adult volunteers from 50
counties. In March 2017, the project expanded to recruit volunteers from central and western
counties of North Carolina through advertisements in listservs, newsletters, blog posts, radio
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announcements, and other social media methods. Today, Candid Critters has successfully
recruited over 600 active participants from all over North Carolina. All of the project participants
follow the same protocol: completing an online training, deploying camera traps, and uploading
photos in the online database at the end of every camera deployment.
Our study uses Candid Critters as the citizen science context in which wildlife
conservation behavior and its antecedents will be examined. However, the overall project has
objectives of its own: 1) to engage North Carolina citizens of all ages, backgrounds, and
experience with the wildlife of their state through camera trapping, and 2) to collect wildlife data
useful for management and conservation questions in partnership with NCWRC. Data produced
by Candid Critters is designed to provide access to new information about wildlife population
distribution and abundances that will inform management efforts. As outlined in the Candid
Critters goals, participants are self-selected wildlife enthusiasts. Since our study explores
antecedents of conservation action, these wildlife enthusiasts represent an ideal sample group
since we can assume that they already engage in some form of wildlife conservation behaviors.

Data Collection
We surveyed active participants in the Candid Critters project at three different stages:
November 2017, August 2018, and February 2019. The web survey was distributed through a
Qualtrics link sent via email by the Candid Critters volunteer coordinator. Each participant
completed the survey once, ideally within the first 6 to 12 months of their initial project
participation. In November 2017, the volunteer coordinator emailed currently registered
participants in the project. In August 2018, participants who registered between November 2017
and May 2018 received the post-survey link. In February 2019, participants who registered
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between June 2018 and January 2019 received the post-survey link. In total, approximately 600
people completed the survey. For each stage, two reminder emails, one week apart, were sent to
the participants to help increase the response rate. Our survey effort targeted volunteers who
participated in the Candid Critters project for at least one month – long enough to deploy a
camera and upload photos.

Survey Instrument and Index Development
This study utilized adapted scales to characterize the primary outcome variable of
interest, WCB, along with its hypothesized antecedents: wildlife value orientations, emotions
towards wildlife, sense of place, and connection to nature.
Wildlife Conservation Behaviors. To measure WCB, we adapted an instrument that
explored several dimensions of pro-environmental behavior including social environmentalism,
land stewardship, and civic engagement (Larson et al., 2015). We asked participants to answer
“how often do you engage in the following behaviors,” with the choices of “Never,” “Rarely,”
“Occasionally,” “Often,” and “Very Often” (Appendix A). Participants’ answers were coded as
follows: never = 0, rarely = 1, occasionally = 2, often = 3, and very often = 4. Index scores were
calculated by summing up the participants’ coded responses to the 8 items, then calculating the
mean. The range of the scores fell between 0 and 4 without any outliers. A wildlife conservation
behavior index score of 0 meant that the participant did not display any wildlife conservation
behaviors at all while an index score of 4 meant that the participant often displayed all of the
wildlife conservation behaviors.
Wildlife Value Orientations. Assessment of the participants’ wildlife value orientations
(WVO) focused on belief dimensions centered on domination (wildlife use and hunting) and
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mutualism (wildlife caring and social affiliation), which enabled us to place respondents along
the anthropocentric (humans above wildlife) to biocentric (coexistence of humans and wildlife)
spectrum (Teel & Manfredo, 2010). The survey called for participants to answer “do you
disagree or agree with general statements about wildlife” using a 5-point Likert scale ranging
from 1 = strongly disagree to 5 = strongly agree (Appendix A). For data analysis, participants’
answers to statements were coded as follows: strongly disagree = -2 to strongly agree = 2.
Wildlife value orientation statements that represent dominionistic beliefs towards wildlife were
reverse-coded so that analysis directly represents a mutualistic belief towards wildlife species.
Index scores for were calculated by summing up the participants’ responses to the 4 items, then
finding the mean. An index score of -2 meant that the participant had a dominionisitc wildlife
value orientation while a score of 2 meant that the participant had a mutualistic wildlife value
orientation.
Emotions towards Wildlife. To measure emotions towards wildlife, we adapted from
Yale’s Center for Emotional Intelligence’s Mood Meter software application
(moodmeterapp.com) by choosing adjectives that describe feelings at a moment in time. In this
research project, four mammal species were chosen (raccoon, deer, bear, and coyote), based on
input from NCWRC, to represent North Carolina’s local mammal species that might elicit
different types of emotions. We asked the participants to answer “how would you feel if you saw
a bear/coyote/deer/raccoon near your home?” to which participants could click anywhere on the
adapted Mood Meter to indicate their feelings.
The Mood Meter assessment is a square divided into four quadrants — red, blue, green,
and yellow — each representing a different set of feelings. Different feelings are grouped
together and analyzed based on their pleasantness (x-axis) and energy/intensity level (y-axis).
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Participants’ answers were coded according to the figure below (Figure 2). Both the pleasantness
(x axis) and intensity (y axis) range from -2 to 2. For example, if a participant chose “enraged” as
his/her emotion, the pleasantness score is -2 while the intensity score is 2. If a participant chose
“relaxed” as his/her emotion, the pleasantness score is 1 while the intensity score is -2.

Figure 2.2. Coding for pleasantness and intensity from the mood meter.
Sense of Place. We adapted items from existing instruments to measure an individual’s
attachment to their local community or place (where they live) by emphasizing place meaning
derived from the natural environment (Ardoin et al., 2012; Jorgensen & Stedman, 2006; Kyle,
Graefe, & Manning, 2005). We asked participants to “please indicate how you feel about the
following statements regarding your local area” using a 5-point Likert scale ranging from 1 =
strongly disagree to 5 = strongly agree (Appendix A). These statements were chosen to capture
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the various dimensions constituting sense of place: place-specific beliefs (place identity),
emotions (place attachment), and behavioral commitments (place dependence) (Jorgensen &
Stedman, 2006). For data analysis, participants’ answers to statements were coded as follows:
strongly disagree = -2 to strongly agree = 2. Index scores for were calculated by summing up the
participants’ responses to the 6 items, then finding the mean. An index score of -2 meant that the
participant had a weak sense of place while a score of 2 meant that the participant had a strong
sense of place.
Connection to Nature. We used the concept of Natured Relatedness (NR) to assess the
affective, cognitive, and experiential aspects of an individual’s connection to nature (Nisbet,
Zelenski, & Murphy, 2009; Nisbet & Zelenski, 2013). For this research, the NR scale was
adapted to ask participants to “please indicate how you feel about your connection to nature”
using a 5-point Likert scale from 1 = strongly disagree to 5 = strongly agree (Appendix A). The
survey captured the following factors: NR-Self, and NR-Experience. NR-Self represents an
internalized identification with nature, reflecting feelings and thoughts about one’s personal
connection to nature. Meanwhile, NR-Experience reflects a physical familiarity with the natural
world, including the level of comfort with and desire to be out in nature (Nisbet et al., 2009). For
data analysis, participants’ answers to statements were coded as follows: strongly disagree = -2
to strongly agree = 2. An index score of 2 means that the person has a strong connection to
nature while an index score of -2 means that connected person has a weak connection to nature.
Demographic and Background Variables. In addition to the factors outlined in the
behavioral model, we asked questions to about participants’ demographic and background
characteristics to serve as potential control variables. These demographic factors included
gender, year of birth, education, and professional expertise or training (Appendix B). For
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existing participants, we also asked how often they participated in two types of recreational
activities within the previous year: consumptive (hunting, fishing) and non-consumptive (biking,
kayaking/canoeing/sailing, swimming, running/jogging, hiking/walking) (Appendix A). Lastly,
since our study focused on citizen scientists, we wanted to control for depth and breadth of
citizen science participation. We captured the depth of involvement in Candid Critters by asking
the participants: “during the past 12 months, in how many different seasons did you deploy
cameras for Candid Critters?” with respondents having the choice to check all the boxes that
applied (fall, winter, summer, spring). The answers vary from 1 season to all 4 seasons.
Meanwhile, to estimate the breadth of citizen science participation beyond Candid Critters, we
asked participants whether Candid Critters was the first citizen science project they had
participated in, to which they responded “yes” or “no.” “Yes” answers were coded as “1” while
“no” answers were coded as “0,” with “0” indicating that the participants have experience with
citizen science projects beyond Candid Critters

Data Analysis
Survey data collected from Qualtrics were exported to excel for data manipulation and
coding. There were a total of 450 surveys completed from October 2017 to February 2019. We
removed 19 surveys completed by participants under age 18 because this study was only
approved for adult participants. Additionally, 47 incomplete surveys were removed from the data
set. Finally, because two of our survey versions did not include demographic and background
variables (these were only available for participants who also completed a pre-test that was not
part of this study), we removed an additional 163 participants. All of these deletions resulted in
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an effective sample size of 221. After coding and cleaning the data set, SAS Enterprise Guide®
version 7.1 statistical software was used for data analysis.
Before examining factors associated with WCB, we conducted a series of tests to confirm
the reliability and validity of items used to measure latent constructs. We used separate principal
components analyses (PCA) with orthogonal rotations to assess the convergent and discriminant
validity of the factors based on factor loadings of 0.4 or higher (Vaske, 2008). We used
Cronbach’s alpha to assess the internal consistency of items measuring each construct, with a
goal of values of 0.8 or higher (Vaske, 2008). In some cases, we elected to retain items with
lower factor loadings and alpha scores when the item content closely aligned with the latent
variable being measured.
After confirming successful measurement of the various factors in our analysis, we
developed a linear regression model (n = 221) to assess the relative influence of wildlife value
orientations, emotions towards wildlife, sense of place, connection to nature, and citizen science
participation on WCB. The model also controlled for the demographic and background variables
such as gender, age, education, professional training, outdoor recreation participation, and
breadth and depth of citizen science participation.

Results
Demographic Attributes of Participants
Of the approximately 600 volunteers who have actively participated in the Candid
Critters project since its initiation, 450 completed a post-project survey (response rate = 75%).
However, following deletions due to missing data and the fact that some survey versions did not
assess demographic and background information, the effective sample size was reduced to 211
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(effective response rate = 35%). Of these Candid Critters participants, 52.9% were female, with
ages ranging from 21 to 84 years old (mean age = 55.5 years). About 96.3% of these participants
identified as White, with 42.2% having earned a graduate degree. Approximately 69.1% of the
participants have professional careers that were not related to life sciences, natural resources, or
conservation. Participants had lived in their county in North Carolina between 0.5 to 72 years,
with a mean of 19.76 years and median of 16 years. Lastly, 71.3% of the participants indicated
that Candid Critters is the first citizen science project they have ever participated in, with 50.7%
of the participants deploying cameras for 2 or more seasons.

Measuring Wildlife Conservation Behavior and Correlates
PCA supported the existence of a WCB index (Table 2.1). The most popular conservation
behaviors were “make my yard or my land more desirable for wildlife” (M = 3.05, SD = 0.98)
and “vote to support a policy/regulation that affects wildlife conservation” (M = 2.63, SD =
1.23). The activity with the lowest levels of engagement was “participate as an active member of
a wildlife conservation organization” (M = 1.34, SD = 1.36).
Table 2.1. Principal Components Analysis Depicting Wildlife Conservation Behavior (n = 221).
Factor Loading
Factor (with Items)
Mean
SD
1
1. Wildlife Conservation Behavior
2.03
0.80
(8 items, Chronbach’s α = 0.854)
Make my yard or my land more desirable for
3.05
0.98
0.565
wildlife
Vote to support a policy/regulation that affects
2.63
1.23
0.677
wildlife conservation
Talk to others about the importance of wildlife
2.37
0.94
0.763
habitat and conservation
Donate money to support wildlife conservation
1.84
1.10
0.753
Volunteer to clean up or improve wildlife
1.81
1.22
0.800
habitat
Attempt to recruit others to participate in
1.72
0.99
0.492
Candid Critters
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Table 2.1 (continued).
Communicate with leaders and decision makers
1.47
1.21
0.781
to advocate for wildlife-related issues
Participate as an active member of a wildlife
1.34
1.36
0.768
conservation organization
a
Wildlife Conservation Behavior scale ranging from 1 = “never” to 5 = “very often”
Item loadings and index scores for wildlife-related variables including wildlife value
orientations (4 items, Cronbach’s alpha = 0.666) and emotions towards wildlife pleasantness
index (4 items, Cronbach’s alpha = 0.531) all indicated effective measurement of these latent
constructs. However, factor scores for the emotions towards wildlife intensity index (4 items,
Cronbach’s alpha = 0.520) was a bit lower, perhaps because intensity of emotions can vary
depending on the nature of the human-wildlife encounter with a species. For the component
measuring participants’ emotions towards wildlife, we decided to retain the aggregate factor
structure across all four species to estimate broader emotional dispositions towards wildlife
(Table 2.2).
Table 2.2. Principal Components Analysis Depicting Three-factor Structure of Items on
Wildlife-specific (Cognitive and Affective) Variables (n = 221).
Factor Loadings
Factor (with Items)
Mean
SD
1
2
3
1. Wildlife Value Orientation
0.31
0.80
(5 items, Chronbach’s α =
0.666)
*Human needs are more
0.69
0.91
0.692
important than fish and
wildlife protection
I feel a strong emotional bond
0.69
0.87
0.554
with wild animals.
*Wildlife populations should
0.36
1.08
0.716
be used so that humans benefit
Wild animals should have the
0.14
1.03
0.789
rights similar to the rights of
people
*Hunting is a positive and
-0.36
1.05
0.503
humane activity
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Table 2.3 (continued).
2. Mood Meter –
0.80
0.63
Pleasantness Index (4 items,
Chronbach’s α = 0.531)
Deer
1.13
0.62
0.423
Raccoon
0.87
0.74
0.678
Bear
0.81
1.03
0.730
Coyote
0.29
1.16
0.715
3. Mood Meter – Intensity
0.53
0.83
Index (4 items, Chronbach’s α
= 0.520)
Bear
1.39
1.07
0.652
Coyote
0.92
1.20
0.692
Raccoon
0.01
1.25
0.620
Deer
-0.07
1.35
0.601
a
Wildlife Value Orientation ranging from -2 = “strongly disagree” to 2 = “strongly agree”
b
*Wildlife Value Orientation items were reverse coded to measure a mutualistic orientation
c
Mood Meter Pleasantness scale ranging from -2 = “unpleasant” to 2 = “pleasant”
d
Mood Meter Intensity scale ranging from -2 = “low intensity” to 2 = “high intensity”
Item loadings and index scores for general environmental context variables including
sense of place (6 items, Cronbach’s alpha = 0.734) and connection to nature (5 items, Cronbach’s
alpha = 0.818) also indicated effective measurement of these latent constructs (Table 2.3). Placemeaning statements such as “my local area has abundant wildlife” (M = 1.02, SD = 0.84) and
“my local area provides many opportunities for nature-based recreation” (M = 1.02, SD = 0.92)
were the highest scores for sense of place. For connection to nature, “I enjoy being outside in
nature” (M = 1.81, SD = 0.46) was the highest score for why people feel connected to nature.
Table 2.3. Principal Components Analysis Depicting Two-factor Structure of Items on General
Environmental Context Variables (n = 221).
Factor Loadings
Factor (with Items)
Mean
SD
1
2
1. Sense of Place
0.878
0.572
(6 items, Chronbach’s α = 0.734)
My local area has abundant wildlife
1.02
0.84
0.362
My local area provides many
1.02
0.92
0.560
opportunities for nature-based recreation
activities
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Table 2.3 (continued).
I am very attached to the place where I
0.99
0.86
0.793
live
I feel happiest in the place where I live
0.97
0.82
0.713
My local area has many people whose
0.71
0.81
0.728
company I enjoy
My local area is a close-knit and
0.49
0.93
0.736
neighborly community
2. Connection to Nature (5 items,
1.691
0.401
Chronbach’s α = 0.818)
I enjoy being outside in nature
1.81
0.46
0.748
I notice plants and animals wherever I am
1.72
0.50
0.745
I think about how my actions affect the
1.69
0.49
0.731
Earth
My relationship to nature is an important
1.65
0.59
0.838
part of who I am
I spend time outdoors whenever I can
1.59
0.58
0.744
a
Sense of Place and Connection to Nature scale ranging from -2 = “strongly disagree” to 2 =
“strongly agree”
Lastly, factor scores for both consumptive (2 items, Cronbach’s alpha = 0.594) and nonconsumptive (5 items, Cronbach’s alpha = 0.609) types of outdoor recreation activities also
indicated effective measurement of WCB constructs (Table 2.4).
Table 2.4. Principal Components Analysis Depicting Two-factor Structure of Items on Outdoor
Recreation Variables (n = 221).
Factor Loadings
Factor (with Items)
Mean
SD
1
2
1. Outdoor Recreation – Consumptive
0.93
0.91
(2 items, Chronbach’s α = 0.594)
Fishing
1.30
1.11
0.840
Hunting
0.60
1.05
0.819
2. Outdoor Recreation – Non1.45
0.58
consumptive (5 items, Chronbach’s α =
0.609)
Hiking/Walking
2.74
0.47
0.372
Swimming
1.24
0.97
0.693
Biking
1.19
1.00
0.676
Kayaking/Canoeing/Sailing
1.19
0.98
0.702
Running/Jogging
0.87
1.06
0.593
a
Outdoor Recreation scale ranging from 0 = “never” to 3 = “often”
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Correlates of Wildlife Conservation Behavior
Our multiple regression analysis predicting WCB showed model fit was significant (F =
0.392, p < 0.001), and adjusted R2 suggested that about 39% of the variability in WCB can be
explained by the predicting variables (Table 2.5). The most significant predictors of WCB were
mutualistic wildlife value orientation (B = 0.140, p = 0.020), pleasant emotions towards wildlife
(B = 0.173, p = 0.002), sense of place (B = 0.133, p = 0.017), and connection to nature (B =
0.291, p < 0.001). The emotions toward wildlife intensity index (B = 0.046, p = 0.390) did not
have any significant effect on WCB, though the relationships between intensity scores and
conservation behavior was positive. Surprisingly, greater breadth of citizen science participation
beyond Candid Critters (B = 0.276, p < 0.001) was a significant predictor of WCB. Meanwhile,
the depth of citizen science participation in Candid Critters (B = 0.073, p 0.182) was not
statistically significant, though the relationship was positive. Both consumptive (B = 0.123, p =
0.027) and non-consumptive (B = 0.176, p = 0.030) outdoor recreational activities were
significant predictors of WCB. The demographic control variables of gender (B = -0.058, p =
0.336), age (B = 0.041, p = 0.507), education (B = 0.046, p = 0.402), and professional training (B
= 0.010, p = 0.865) all did not have any significant effects on WCB.
Table 2.5. Multiple regression analysis of parameters predicting wildlife conservation behavior
among volunteers in the Candid Critters citizen science project (n = 221).
Mean Std. Dev.
B
Std.
B
t
Sig.
Err.
*Wildlife Value
0.310
0.795
0.173
0.073
0.140 2.349 0.020
Orientation - mutualistic
*Mood Meter –
0.798
0.632
0.218
0.071
0.173 3.087 0.002
Pleasantness Index
Mood Meter – Intensity
0.529
0.833
0.044
0.052
0.046 0.861 0.390
index
*Sense of place – place
0.878
0.572
0.185
0.077
0.133 2.412 0.017
attachment index
*Connection to nature –
1.691
0.401
0.577
0.115
0.291 5.024 0.000
nature relatedness index
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Table 2.5 (continued).
Depth of Citizen Science 1.850
1.009
0.057
0.043
0.073 1.339
Participation – # of
seasons of CC
*Breadth of Citizen
0.290
0.455
0.482
0.100
0.276 4.841
Science Participation –
CC as first project
Gender
0.530
0.500
-0.093
0.096
-0.058 -0.965
Age
55.84
14.27
0.002
0.003
0.041 0.665
Education
0.420
0.495
0.073
0.087
0.046 0.840
Professional training –
0.300
0.461
0.017
0.102
0.010 0.170
natural resources or
related
*Outdoor Rec 0.930
0.904
0.123
0.055
0.140 2.232
Consumptive Index
*Outdoor Rec - Non1.447
0.578
0.176
0.080
0.128 2.185
consumptive Index
Note: Dependent variable = Wildlife Conservation Behavior (mean = 2.03, sd = 0.80)
Model fit: Adjusted r sq = 0.392, ANOVA p-value = 0.000

0.182

0.000

0.336
0.507
0.402
0.865

0.027
0.030

Discussion
Results generally supported our hypotheses regarding the factors associated with WCB.
Mutualistic wildlife value orientation, pleasant emotions towards wildlife, stronger sense of
place, enhanced connection to nature, and breadth of citizen science participation all had
significant effects on the participants’ self-reported WCB. Although we observed positive
relationships between intense emotions towards wildlife or depth of citizen science participation
and WCB, the overall effect of these variables were less pronounced.
In congruence with previous research, mutualistic wildlife value orientations had a
significant effect on wildlife conservation behavior. People with a mutualistic wildlife value
orientation (versus a dominionistic wildlife value orientation) view wildlife as organisms capable
of living alongside humans and as life forms deserving of caring and compassion (Manfredo,
Teel, & Bright, 2003; Manfredo, Teel, & Henry, 2009). With this compassionate mindset, it is
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reasonable to assume that mutualistic participants would display more WCB. Other studies have
shown a similar link between wildlife value orientations and conservation action. For example,
Vaske and Donnelly (1999) found that individuals with mutualistic value orientation were more
likely to vote for wildland preservation instead of land development. This also applies in a
wildlife context, where individuals with higher domination favor predator control while
individuals with higher mutualism scores favor restricting human activities to benefit wildlife,
environmental education, and collaboration with other conservation partners, local organizations,
and private landowners (Dietsch, Teel, & Manfredo, 2016; Manfredo et al., 2016). Therefore, as
our study suggests, it is reasonable for individuals with more mutualistic wildlife value
orientation to display more WCB.
Though cognitive antecedents of WCB are undoubtedly important, previous research
suggests that affective variables should also be considered in studies exploring human-wildlife
encounters (Hudenko, 2012; Larson et al., 2016). Humans have a strong predisposition to react
emotionally to animals (Jacobs, 2009). Our results suggest that while emotional responses may
not be the primary forces driving WCB, some emotions certainly play a role. For example,
pleasant emotional responses to wildlife (e.g., feeling happy, surprised) were a significant
predictor of WCB. If an experience produces a positive emotion, a person will typically seek
situations that replicate the same affective state (Hudenko, 2012). Thus, positive emotions might
lead to positive behaviors towards that particular wildlife species. On the other hand, intensity of
emotions towards wildlife was not related to WCB. This might be expected since intense
reactions could produce either very negative (anti-wildlife behavior) or positive (pro-wildlife
behavior) responses.
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By integrating Mood Meter scores across multiple species in a hypothetical context, our
study did not account for one key variable that has a strong impact on emotional reactions:
context (Hudenko, 2012). Context can play a key role into whether a person likes or dislikes an
animal. For instance, seeing a coyote at a close range would invoke a different intensity of
emotion (e.g., fight-or-flight response) compared to seeing a coyote at a greater distance (e.g.,
calm observation). Additionally, the behavior of the coyote would also impact the intensity of the
emotion. Being approached by a snarling coyote would produce more intense emotions
compared to simply being approached by a coyote (Sponarski et al., 2015). Similarly, avid
birdwatchers may be fond of most avian species, unless those birds are invasive nest predators
who threaten the health of native songbird populations (Larson et al., 2016). Changing the cast of
characters (i.e., the species involved) and the context of the encounter can impact affective
responses, especially when emotional dispositions exist on the level of species (Jacobs, Vaske, et
al., 2012). Therefore, the type of wildlife that a human encounters and the circumstance in which
that encounter occurs can affect the kind of emotion that that person feels. Knowing the
importance of affective variables, behavior models could consider cultivating empathy for
wildlife as a way to promote conservation behaviors (Skibins, 2013; Myers Jr., 2009)
Moving beyond wildlife-related cognitive and affective components to explore the
broader environmental context surrounding WCB, we found that both sense of place and
connection to nature were positive predictors of behavior. Studies have shown that sense of
place, often operationalized as place attachment, can possibly motivate place-protective behavior
and engagement (Ardoin et al., 2012; Halpenny, 2010; Larson et al., 2018). In a study looking at
place attachment’s influence on pro-environmental behaviors through birdwatching and hunting,
results showed that place attachment significantly predicted PEB (Larson et al., 2018). Thus,
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whether it is from a previous experience or through the Candid Critters citizen science project,
participants who have strong relationships with their local area (e.g. stronger sense of place) are
more likely to protect the wildlife species living in these environment by engaging in WCB.
Hence, wildlife conservation is often an indirect effect of conserving an environment (Vaske &
Donnelly, 1999). However, it is crucial to note that the importance of sense of place can vary
depending on the project. For our Candid Critters sample, environmental place meanings were
key as participants frequently interacted with their environment when setting up camera traps.
On the other hand, in a project with a different context, such as those conducted in cities, sense
of place might form through social meanings. In both cases, a sense of caring for the community
might lead to place-protecting behaviors, though it may or may involve wildlife conservation.
Similarly, connection to nature, measured using the nature relatedness index, represents a
person’s belief about their connection to nature (Mayer & Frantz, 2004). Previous research
showed that short exposures to nature, even those exposure through film, increases a person’s
connectedness to nature (Frantz & Mayer, 2014; Mayer, Frantz, Bruehlman-Senecal, & Dolliver,
2009b). With the Candid Critters project providing plenty of opportunities for participants to
view wildlife species through their camera trap photos, it is realistic to assume that they would
become familiar and attached to these wildlife species. Although there is a gap in the literature
explicitly exploring people’s connection to wildlife in a natural setting, there is research on
people’s connection to wildlife in zoos. Some of these studies demonstrate how people’s
attachment to charismatic wildlife species have led to more pro-environmental behaviors aimed
at protecting the habitats of these species (Skibins & Powell, 2013). Therefore, the opportunity to
create a similar connection to wildlife in a natural setting through the use of camera trap photos
can foster an enhanced connection to nature in the participants. Familiarity with nature and the
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wildlife species living in this natural space can make a person experience inclusion with nature,
thereby inducing a feeling of commitment to protect it (Cheng & Monroe, 2012; Schultz, 2002).
This connection to nature, in turn, can motivate the participants to display more WCB.
Interestingly, none of the demographic covariates we examined in the model were
significant predictors of WCB. Mixed results for gender and age with respect to PEB are
common in the literature, but we anticipated stronger effects for education and vocation with
more advanced degrees and life science specialization leading to higher levels of WCB. Perhaps
the absence of significance for these demographic variables can be attributed to the study
population – all of whom were already predisposed to care about wildlife species. Nonetheless,
both types of outdoor recreationists (consumptive and non-consumptive) did significantly predict
WCB. This can be explained by several studies concluding that outdoor experiences serve as a
key precursor to PEB, including WCB (Cooper, Larson, Dayer, Stedman, & Decker, 2015;
Larson et al., 2018). This is especially important regarding hunters and anglers (consumptive
recreationists) who have direct encounters with these wildlife species, resulting in higher levels
of PEB. With this comes a need to create opportunities for other outdoor recreationists (nonconsumptive recreationists) to live the same experiences.
Our analysis also revealed another correlate of wildlife conservation behavior: citizen
science participation. Citizen science, such as Candid Critters, can empower and engage
volunteers in conservation actions through the development of PEB, such as WCB (Cooper,
Dickinson, Phillips, & Bonney, 2007; Danielsen et al., 2009; Toomey & Domroese, 2013). The
breadth of citizen science participation, that is, whether Candid Critters is the participant’s first
citizen science project, significantly predicted WCB. Specifically, participants who have already
engaged in projects other than Candid Critters were more likely to report higher levels of WCB.
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In contrast, the depth of citizen science participation, measured as the number of seasons in
which a participant deployed cameras for Candid Critters, was not associated with WCB. Hence,
the length of time that a participant has been associated with Candid Critters does not indicate
higher levels of WCB. Some might argue that participation in a wildlife study, such as citizen
science projects, can itself be considered as a land stewardship type of PEB (Larson et al., 2015).
Either way, a strong connection between citizen science and conservation action, including
participation in WCB, appears to be evident.
Although our multiple regression analysis show substantial information on what factors
influence wildlife conservation behavior, it is only part of the story. There is a potential value in
incorporating a qualitative approach to better understand the mechanisms that are driving the
relationships between wildlife conservation behavior and its antecedents.

Future Research
Future research could address several limitations of this study. Although our study
provided information about the residents of North Carolina, the scope was limited to only one
state and to one type of citizen science project. Outcomes might be different for other states
where there are different wildlife species, influenced by different types of ecosystems, which
could inspire different levels of connection to nature and sense of place. There is also a high
degree of self-selection bias among our participants, who already expressing an interest in
wildlife considering they decided to volunteer for a wildlife-related project. While this enhanced
our ability to assess a broad range of conservation behaviors, these participants might not be
representative of the public (or private landowners) at large. Candid Critters participants were
predominantly white and significantly older than the average NC resident. For these reasons,
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demographic characteristics of current participants do not reflect the demographic distribution of
the state.
In regards to survey implementation, while we used existing scales to measure most
constructs, this was one of the first applications of the Mood Meter in a wildlife context. The
Mood Meter presents great promise as an innovative tool for capturing emotional responses to
animals, but additional research is needed to validate this data collection approach and identify
the most appropriate ways in which Mood Meter data can be analyzed. As previously noted,
consideration of diverse contexts and different types of wildlife encounters could also impact
emotions responses (Hudenko, 2012).
Recall and desirability bias could have influenced the results of our study as well.
Because Candid Critters participants registered for the project on a rolling basis throughout the
year, our survey implementation intersected people at different points in the project cycle (e.g.,
some might have participated for a month but some might have participated for almost 12
months). Thus, if citizen science participation is indeed an important correlate of conservation
behavior, then behavior reports of more recent participants could be biased. Candid Critters
participants might also be inclined to report artificially high engagement in behaviors that align
with project goals. Our results suggest that citizen science participation matters; however, the
relationship between citizen science and conservation behavior could be cyclical (e.g., a positive
feedback loop). A pre-post assessment would enable researchers to isolate citizen science
treatment effects and explore this aspect of causality.
Qualitative data can also provide additional evidence to augment the quantitative data
presented above. That is, examining people’s motivations on why they decided to participate in
Candid Critters, and what they liked the best/least in their experience can give a more complete
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story. For example, what leads people to engage in WCB? Describe how you feel when you see a
particular species? Coding for these responses can provide a glimpse to the participants’
experiences within the project.
Finally, since we were not able to include common behavioral antecedents used in
previous behavioral research (e.g., Larson et al., 2018; Steg & Vlek, 2009) due to length and
time constraints, future studies could consider other behavioral predictors such as social norms,
self-efficacy, and environmental concern. While the predictive power of our model (R2 = 0.392)
was substantial, incorporation of these other behavioral antecedents could help to explain an
even larger portion of the variance for outcome variables such as WCB.

Conclusion
Knowing what predicts people’s wildlife conservation behavior can enhance wildlife
agencies’ ability to engage with the public and collectively work toward achieving conservation
goals. We found that wildlife value orientations are important predictors of behavior, supporting
ongoing efforts to inform public engagement by focusing on wildlife value orientations
(Manfredo et al., 2016). We also found that affective components—especially pleasant emotions
with respect to wildlife—could be important. Fostering positive emotional connections with
wildlife is therefore critical. Thinking beyond wildlife to broader environmental contexts is also
key. If people form connections with their local areas and the natural spaces around them, they
are more likely to fight to protect wildlife. This underscores the importance of promoting all
forms of outdoor recreation—from hunting and fishing to wildlife watching - across diverse
populations (Cooper et al., 2015; Larson et al., 2018; U.S. Fish and Wildlife Service, 2012).
Citizen science offers one way to do all of this: engaging diverse stakeholders by fostering
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connections with wildlife and the broader environmental context. Additional research could
reveal other mechanisms for building on these factors and encouraging the public to engage in
activities that support wildlife conservation goals.
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CHAPTER THREE
THE BROADER OUTCOMES OF CITIZEN SCIENCE: HOW DOES PARTICIPATION
IMPACT VOLUNTEERS?

Abstract
Citizen science research has revealed the various ways that public participation can
enhance data collection capacity and inform scientific management. However, few studies have
assessed the broader cognitive, affective, and behavioral outcomes resulting from citizen science
participation for the volunteers themselves. Using a quasi-experimental, pre-post survey
approach with volunteers in Candid Critters, a North Carolina-based wildlife camera trapping
citizen science project, we compared volunteers who actively engaged in the project by
deploying at least one camera (treatment group, n = 61) and those who registered but did not
participate (control group, n = 52). We investigated project outcomes including cognitive
variables (wildlife value orientation, coexistence), affective variables (emotions towards wildlife,
sense of place, connection to nature), behavior (wildlife conservation behavior), and science
efficacy. After accounting for demographic differences and controlling for small sample sizes,
unequal variances, and multiple comparisons, we found that the Candid Critters treatment had
significant impacts on the volunteers’ sense of place (Welch’s F = 8.469, p = 0.004), connection
to nature, (Welch’s F = 5.350, p = 0.023), and science efficacy (Welch’s F = 13.256, p = 0.000).
Results show that citizen science impacts broader learning outcomes; many of these outcomes
can, in turn, inspire volunteers to become agents of change who have an impact on the social and
ecological systems in which they reside. Future research should continue to explore these
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relationships across different projects and discover more ways that citizen science can foster
environmental stewardship.

Introduction
Citizen science is defined as “scientific work undertaken by members of the general
public, often in collaboration with or under the direction of professional scientists and scientific
institutions” (Citizen Science Association, 2019). It is an inherently interdisciplinary field
encompassing the range of natural and social sciences (Ballard et al., 2017). With thousands of
citizen science projects to choose from, millions of volunteers have engaged in collecting,
categorizing, transcribing, or analyzing scientific data (Bonney et al., 2014). These volunteers
have the freedom to participate in as little or a lot of the overall scientific process (Shirk et al.,
2012), with the experiences fostering personal connections leading to collaborations that have
broader social impacts (Forrester et al., 2017; McKinley et al., 2017). Many citizen science
projects utilize innovative strategies to inspire active engagement in conservation-related issues,
and could therefore foster higher levels of nature-based recreation, ecological knowledge, and
environmental concern.
Previous research has predominantly focused on measuring engagement in citizen science
through output measures such as number of participants, data collection or submission rates
(Phillips, Ferguson, Minarchek, Porticella, & Bonney, 2013; Phillips, Ballard, Lewenstein, &
Bonney, 2019). Nevertheless, besides providing a unique opportunity for authentic scientific
experience, citizen science projects may also generate significant social outcomes, such as
environmental stewardship and empowering volunteers to make changes in their communities
(Bonney et al., 2009; Bonney et al., 2014; Phillips, Porticella, Constas, & Bonney, 2018). As an
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example, in a study looking at 44 citizen science programs across three museums, results
revealed programs supported conservation both directly, through site and species management,
and indirectly through research, education and policy impacts (Ballard et al., 2017). In addition,
citizen science projects can enhance volunteers’ scientific knowledge, which may in turn
motivate them to provide input on proposed government policy and action (McKinley et al.,
2017). Additionally, citizen science can help address major conservation challenges by enabling
science that might not otherwise be feasible because of scale or for other practical reasons
(McKinley et al., 2017).
Because citizen science experiences often involve many complex and intertwined
dimensions of feeling, doing and thinking, approaches to promoting and assessing volunteer
engagement should also include multiple dimensions (Appleton, Christenson, & Furlong, 2008;
Fredricks et al., 2004; Phillips et al., 2019). Despite this, a recent study suggests that only about
50% of citizen science project leaders have evaluated their projects, and far fewer have
systematically assessed broader cognitive, affective and behavioral outcomes linked to project
participation (Phillips et al., 2018).
Research that does exist indicates that participation in citizen can increase volunteers’
environmental knowledge of focal topics and taxa (Jordan, Ballard, & Phillips, 2012). For
example, following participation in the Neighborhood Nestwatch project, volunteers became
more knowledgeable about bird biology and behavior, as well as more capable in correctly
identifying bird species (Evans et al., 2005). Similarly, a study on camera trapping on mammals
showed that over time, volunteers improved their camera set-ups and increased rates of wildlife
identification, indicating an increased knowledge on mammal species (Forrester et al., 2017).
Enhanced science literacy, often measured as identification accuracy, have also been attributed to
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plant-focused projects (Crall et al., 2013; Jordan, Gray, Howe, Brooks, & Ehrenfeld, 2011). Yet
while substantial work supports the knowledge gains linked to citizen science, empirical
evidence of effects on other cognitive dimensions influencing human-nature interactions have
not been explored. For example, value orientations, which are an individual’s fundamental
beliefs in relation to a particular domain (Teel & Manfredo, 2010), play a crucial role in how
people relate themselves to the environment. Thus, exploring value orientations could help to
illuminate whether volunteers internalize their citizen science experiences and are affected in a
deeper, more personal way.
Nature-based citizen science also fosters emotional aspects of experience in nature, but
these potential benefits of citizen science remain largely unstudied (Schuttler, Sorensen, Jordan,
Cooper, & Shwartz, 2018). With many populations now living in urban areas, much of people’s
time is now spent indoors–a phenomenon often described as “extinction of experience” (Pyle,
1978). This is further supported by research showing that reduced connection to nature is
correlated with reductions in visitation frequency and time spent in nature (Mayer & Frantz,
2004; Schuttler et al., 2018). Citizen science, often administered through museums and other
informal education institutions, presents a potential solution, providing opportunities to connect
humans with nature; to help people understand it, feel a connection to their place, and a desire to
conserve it (Ballard et al., 2017).
Human-wildlife interactions typically elicit emotions from people, and these emotions
often impact how a person reacts towards a particular species in the future (Hicks & Stewart,
2017; Hudenko, 2012). A review of nature-based citizen science programs shows that these
programs can create or enhance the relationships between people and nature, by increasing their
time spent in nature as well as their specific emotional connections to focal species and places
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(Schuttler et al., 2018). For instance, Evans et al. (2005) concluded that even after just a year of
participating in the Neighborhood Nestwatch program, volunteers’ sense of place increased. This
means that their connection to birds led to stronger feelings of attachment to and connection with
their local area—a phenomenon that has been observed in other citizen science projects too
(Newman et al., 2017). Other studies have shown how recreation activities such as place-based
citizen science can lead to a stronger sense of place (Newman et al., 2017). Thus, nature-based
experiences embedded in citizen science could, by enhancing personal meanings derived through
these various experiences, lead to changes in individual and collective action (Haywood, Parrish,
& Dolliver, 2016).
Emotional affinity toward nature and a strong sense place contribute greatly to proenvironmental commitment (Schuttler et al., 2018) and behavior (Larson, Cooper, Stedman,
Decker, & Gagnon, 2018). Therefore, there is an increasing need to explore the potential of
citizen science to impact pro-environmental behaviors (Crall et al., 2013; McKinley et al., 2017).
The scant evidence that exists on this front is promising. For example, participation in an
invasive plant citizen science training program resulted in an increase in self-reported intention
to engage in pro-environmental activities (Crall et al., 2013). Likewise, a study on water quality
monitoring project in New York concluded that volunteers engaged in more conservation
behaviors, including routinely educating other people about water quality concerns (Cooper et
al., 2017). In regards to wildlife, one of the noteworthy strengths of citizen science research is its
potential to address conservation problems across various species, including rare and invasive
ones (Dickinson et al., 2012). In one example, in a study of citizen science projects focused on
butterflies, researchers found that participants who were encouraged to engage in conservation
through their projects were more likely to increase their engagement in conservation behaviors
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(Lewandowski & Oberhauser, 2017). Hence, citizen science could empower and engage
participants in conservation actions through the development of pro-environmental attitudes and
behaviors that impact conservation success (Cooper, Dickinson, Phillips, & Bonney, 2007;
Danielsen et al., 2009; Toomey & Domroese, 2013).
Citizen science confers yet another potential benefit: an opportunity to change the way
participants think about science and the scientific process (Ballard et al., 2017; Bonney, Phillips,
Ballard, & Enck, 2016; Brossard, Lewenstein, & Bonney, 2009; Crall et al., 2013). Early studies
of citizen scientists demonstrated that participants engage in thinking processes similar to those
involved in authentic science investigations (Trumbull, Bonney, Bascom, & Cabral, 2000). Since
then, many other studies have illustrated links between citizen science participation and broader
scientific skills. For example, participants in an invasive plant citizen science program showed
that the project resulted in content learning gains and an increase in participants’ processoriented skills (Crall et al., 2013). Other notable citizen science projects that allowed for people
to understand the importance of science and the scientific process include the Great Pollinator
Project in the northeastern United States (Toomey & Domroese, 2013) and the Garden
Butterflies Watch Program by the French National Museum of History (Cosquer, Raymond, &
Prevot-Julliard, 2012). In both instances, volunteers gained a better understanding about the
important roles that bees and butterflies play in the environment, leading them to behaviors that
would benefit the survival of these insects. Bonney et al. (2016) discuss the ways in which
citizen science can enhance public understanding and appreciation of science and science-based
decision making. However, despite this promise, other research reveals no change in
participants’ attitudes towards science (i.e., science affinity) or understanding of the scientific
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process (i.e., science efficacy) following citizen science participation (Dominique Brossard,
Lewenstein, & Bonney, 2005; Jordan et al., 2011).
To advance our understanding of the potential learning outcomes derived from citizen
science participation, our study explored outcomes of Candid Critters, a project that uses camera
trapping technology as a tool to engage the public with wildlife research. We employed a quasiexperimental approach—a rare strategy to use in citizen science literature—primarily because
control groups can be difficult to locate within citizen scientists. Using a pre-post survey
approach with volunteers, we grouped volunteers based on their engagement in the project.
Volunteers who engaged in the project are in the treatment group while those who did not are in
the control group. Then, we investigated project impacts (treatment vs control) on primarily
cognitive outcome variables (wildlife value orientation, human-wildlife coexistence), primarily
affective outcome variables (emotions towards wildlife, sense of place, connection to nature),
behavior (wildlife conservation behavior), and science efficacy. We predicted that, after
controlling for demographic variables, volunteers in the Candid Critters treatment group would
have greater positive score changes on all outcome variables of interest (cognitive, affective,
behavioral, and science-related) compared to individuals in the control group.

Methods
The Candid Critters Project & Sample
The Candid Critters citizen science project is a wildlife camera trapping project in North
Carolina, USA, based on the national eMammal platform (Forrester et al., 2017; McShea,
Forreseter, Costello, He, & Kays, 2016). It began in December 2016 in eastern North Carolina,
with an initial cohort of 120 participants from 50 counties. Candid Critters is a collaboration
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between the North Carolina Wildlife Resources Commission (NCWRC), North Carolina
Museum of Natural Sciences (NCMNS), and North Carolina State University (NCSU). In
March 2017, the project started recruiting volunteers from central and western counties of North
Carolina through advertisements in listservs, newsletters, blog posts, radio announcements, and
other social media methods. Today, the project has successfully recruited over 600 active
participants from all over North Carolina.
Our study used Candid Critters as the citizen science context in which broader learning
outcomes were examined. However, the overall Candid Critters project has objectives of its own:
1) to engage North Carolina citizens of all ages, backgrounds, and experience with the wildlife of
their state through camera trapping, and 2) to collect wildlife data useful for management and
conservation questions in partnership with NCWRC (www.nccandidcritters.org). Data produced
by Candid Critters will provide access to new information about wildlife population distribution
and abundances that will inform management efforts. Initial results of studies with eMammal
participants proved that citizen scientists can properly deploy camera traps (with 94% correct
deployments) and accurately tag species (67-100% correct identifications) (Kays, Forrester, &
McShea, 2016). Thus, an important next step for citizen science initiative like Candid Critters is
to evaluate the broader social impacts of participating in the project.
All of the Candid Critters participants follow the same protocol: completing an online
training, deploying camera traps, and uploading photos in the online database at the end of every
camera deployment (Figure 3.1). Some participants only deploy cameras for one 3-week session,
while others continuously monitor cameras during multiple 3-week sessions throughout the year.
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Figure 3.1. Protocol for collecting data for the Candid Critters citizen science project.

Data Collection
We collected data through a Qualtrics web survey link sent via email by the Candid
Critters volunteer coordinator. The pre-project surveys were incorporated into the Candid
Critters volunteer registration process from November 2017 to January 2019: when new
volunteers signed up, we asked them to complete a pre-project survey prior to the online training.
However, the survey was optional. The post-project surveys were sent in two waves (in August
2018 and February 2019) to volunteers who registered for Candid Critters within the pre-survey
timeframe. We assumed that the delay in post-survey implementation would give volunteers
enough time to fully experience Candid Critters, including deploying cameras, coding and
uploading photos, and processing of results. The volunteer coordinator created unique volunteer
IDs for the participants, which were used to match the pre-surveys and post-surveys. Lastly, we
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collected web data from the Candid Critters’ online database to determine the extent to which
volunteers participated in the project. These online deployment data enabled us to distinguish
between volunteers in the control group (people who registered but did not deploy a camera) and
those in the treatment group (those who registered and deployed at least one camera).

Survey Instrument and Index Development
Our study utilized adapted scales to characterize the outcome variables of interest:
primarily cognitive variables (wildlife value orientation, human-wildlife coexistence), primarily
affective variables (emotions towards wildlife, sense of place, connection to nature), behavior
(wildlife conservation behavior), and science efficacy.
Wildlife Value Orientations. Assessment of the participants’ wildlife value orientations
(WVO) focused on belief dimensions centered on domination (wildlife use and hunting) and
mutualism (wildlife caring and social affiliation), which enabled us to place respondents along an
anthropocentric to biocentric spectrum based on their views of the human-wildlife relationship
(Teel & Manfredo, 2010). The survey called for participants to answer “do you disagree or agree
with general statements about wildlife” using a 5-point Likert scale ranging from 1 = strongly
disagree to 5 = strongly agree (Appendix A). For data analysis, participants’ answers to
statements were coded as follows: strongly disagree = -2 to strongly agree = 2. Wildlife value
orientation statements that represent dominionistic beliefs towards wildlife were reverse-coded
so that analysis directly represents a mutualistic belief towards wildlife species. Index scores for
were calculated by summing up the participants’ responses to the 4 items, then finding the mean.
An index score of -2 meant that the participant had a dominionisitc wildlife value orientation
while a score of 2 meant that the participant had a mutualistic wildlife value orientation. Lastly,
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in the post-survey, we also asked volunteers “how did your participation in Candid Critters
influence your views of wildlife in North Carolina?” to which they responded on a scale from
strong negative influence = -2 to strong positive influence = 2.
Coexistence. As global conflicts between humans and wildlife escalate, a growing
emphasis has been placed on the potential for harmonious coexistence between humans and
wildlife (Madden, 2004). We attempted to capture this perceived potential for existence by
adding two additional items to the list of wildlife-related questions referenced above. The survey
called for participants to answer “do you disagree or agree with general statements about
wildlife” using a 5-point Likert scale ranging from 1 = strongly disagree to 5 = strongly agree
(Appendix A). For data analysis, volunteers’ answers to statements were coded as follows:
strongly disagree = -2 to strongly agree = 2. Index scores for were calculated by summing up the
volunteers’ responses to the 2 items, then finding the mean. An index score of -2 meant that the
volunteer perceived a low potential for coexistence between humans and wildlife, while a score
of 2 meant that the volunteer perceived high potential for coexistence.
Emotions towards Wildlife. By fostering virtual interactions with wildlife, Candid
Critters could also impact the volunteers’ connections to focal species, which might play an
important role in how people decide to behave (Jacobs, Fehres, & Campbell, 2012). To measure
emotions towards wildlife, we adapted from Yale’s Center for Emotional Intelligence’s Mood
Meter software application (moodmeterapp.com) by choosing adjectives that describe feelings at
a moment in time. For this research, four common species were chosen (raccoon, deer, bear, and
coyote), based on input from NCWRC, to represent North Carolina’s local mammal species that
might elicit different types of emotions. We asked the participants to answer “how would you
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feel if you saw a bear/coyote/deer/raccoon near your home?” to which the participants can
clicked anywhere on the adapted Mood Meter to indicate their feelings.
Our Mood Meter assessment tool is a square divided into four quadrants
— red, blue, green, and yellow — each representing a different set of feelings. Different feelings
are grouped together and analyzed based on their pleasantness (x-axis) and energy/intensity level
(y-axis). Participants’ answers were coded according to the figure below (Figure 3.2). Both the
pleasantness (x axis) and intensity (y axis) range from -2 to 2. For example, if a participant chose
“enraged” as his/her emotion, the pleasantness score is -2 while the intensity score is 2. If a
participant chose “relaxed” as his/her emotion, the pleasantness score is 1 while the intensity
score is -2.

Figure 3.2. Coding for pleasantness and intensity from the mood meter.
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Sense of Place. We adapted items from existing instruments to measure an individual’s
attachment to their local community or the place where they live by emphasizing place meanings
derived from the natural environment (Ardoin, Schuh, & Gould, 2012; Jorgensen & Stedman,
2006; Kyle, Graefe, & Manning, 2005). We asked participants to “please indicate how you feel
about the following statements regarding your local area” using a 5-point Likert scale ranging
from 1 = strongly disagree to 5 = strongly agree (Appendix A). These statements were chosen to
capture the various dimensions constituting sense of place: place-specific beliefs (place identity),
emotions (place attachment), and behavioral commitments (place dependence) (Jorgensen &
Stedman, 2006). For data analysis, participants’ answers to statements were coded as follows:
strongly disagree = -2 to strongly agree = 2. Index scores for were calculated by summing up the
participants’ responses to the 6 items, then finding the mean. An index score of -2 meant that the
participant have a weak sense of place while a score of 2 meant that the participant have a
stronger sense of place.
Connection to Nature. We used the concept of Natured Relatedness (NR) and a
shortened version of the NR index to assess the affective, cognitive, and experiential aspects of
an individual’s connection to nature (Nisbet & Zelenski, 2013; Nisbet, Zelenski, & Murphy,
2009). For this research, the NR scale was adapted to ask participants to “please indicate how
you feel about your connection to nature” using a 5-point Likert scale from 1 = strongly disagree
to 5 = strongly agree (Appendix A). The survey captured the following factors: NR-Self, and
NR-Experience. NR-Self represents an internalized identification with nature, reflecting feelings
and thoughts about one’s personal connection to nature. Meanwhile, NR-Experience reflects a
physical familiarity with the natural world, including the level of comfort with and desire to be
out in nature (Nisbet et al., 2009). For data analysis, participants’ answers to statements were
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coded as follows: strongly disagree = -2 to strongly agree = 2. An index score of 2 means that the
person has a strong connection to nature while an index score of -2 means that connected person
has a weak connection to nature.
Wildlife Conservation Behaviors. To measure wildlife conservation behavior, we
adapted an instrument that explored several dimensions of pro-environmental behavior including
social environmentalism, land stewardship, and civic engagement (Larson, Stedman, Cooper, &
Decker, 2015). We asked participants to answer “how often do you engage in the following
behaviors,” with the choices of “Never,” “Rarely,” “Occasionally,” “Often,” and “Very Often”
(Appendix A). Participants’ answers were coded as follows: never = 0, rarely = 1, occasionally =
2, often = 3, and very often = 4. Index scores were calculated by using the mean of 8 behavior
items. The range of the scores fell between 0 and 4 without any outliers. A wildlife conservation
behavior index score of 0 meant that the participant did not display any wildlife conservation
behaviors at all while an index score of 4 meant that the participant often displayed all of the
wildlife conservation behaviors.
Science Efficacy. Our concept of science efficacy encompassed three dimensions
outlined by Phillips et al. (2018) in their overview of citizen science outcome assessment:
interest in science, skills of science inquiry, and self-efficacy (for science). To measure science
efficacy, we asked volunteers to “please indicate how you feel about the following statements
regarding the role of science in your life” using a 5-point Likert scale ranging from 1 = strongly
disagree to 5 = strongly agree (Appendix A). For example, we asked volunteers to respond to the
statement “I think I’m pretty good at following instructions for scientific data collection.” For
data analysis, volunteers’ answers to statements were coded as follows: strongly disagree = -2 to
strongly agree = 2. Index scores for were calculated by summing up the volunteers’ responses to
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the 7 items, then finding the mean. An index score of -2 meant that the volunteer have a low
science efficacy while a score of 2 meant that the volunteer have a higher science efficacy.
Demographic Variables. In addition to the factors outlined in the behavioral model, we
asked questions about volunteers’ demographic characteristics to compare the treatment and
control group populations. These factors include gender, year of birth, education, and
professional expertise or training.

Data Analysis
All of the survey data collected through Qualtrics were exported to MS Excel for data
manipulation and coding, then imported to SPSS for analysis. Cleaning up the dataset, duplicate
responses were deleted and only the first submission (for pre-test) and the last submission (for
post-test) with completed responses were retained. We received 368 completed pre-project
surveys, some of whom did not go on to take the training and participate. We received postproject surveys from 259 volunteers, some of whom never deployed cameras. Pre-surveys and
post-surveys were then paired using the volunteer IDs, resulting in a total of 113 matched
responses. Based on paired deployment data from online records, we determined that 61 of these
volunteers were in the treatment group and 52 were in the control group.
Before examining factors associated with citizen science, we conducted a series of tests
to confirm the reliability and validity of items used to measure latent constructs. We used a
principal components analysis with orthogonal rotation, assuming that the factors are not
correlated, to assess the convergent and discriminant validity of the factors based on factor
loadings of 0.4 or higher (Vaske, 2008). We used Cronbach’s alpha to assess the internal
consistency of items measuring each construct, with a goal of values of 0.8 or higher (Vaske,
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2008). In some cases, we elected to retain items with lower factor loadings and alpha scores
when the item content closely aligned with the latent variable being measured.
After confirming successful measurement of the various factors in our analysis and that
there are no significant pre-test differences between the treatment and control groups (Table 3.1),
we ran a one-way Welch’s ANOVA test (n = 113) to test for treatment effects on the volunteers’
wildlife value orientations, coexistence, emotions towards wildlife, sense of place, connection to
nature, wildlife conservation behavior, and science efficacy. With a small sample size, we ran a
Welch’s ANOVA test instead of the conventional ANOVA or t-test test to account for the
unequal variances between our control and treatment groups (Adusah & Brooks, 2011).The
independent variable in the model was treatment group (vs. control group). The dependent
variable in the models were the score changes for each variable, calculated by subtracting the
pre-project score from the post-project score. An increase in the change scores suggest postproject gains in a particular variable. We used the Benjamini-Hochberg procedure to control for
the false discovery rate, and determined that variables with p < 0.025 are statistically significant.

Results
Demographic Attributes of Participants
Of the completed surveys, 61 volunteers were in the treatment group, and 52 volunteers
were in the control group. We ran a chi-square analysis and found that demographically, there
are no significant differences between the groups’ age (p = 0.812), gender (53.2% female in
treatment vs. 57.7% female in control, p = 0.633), education (48.4% graduate degrees in
treatment vs. 48.1% in control, p = 0.980), and professional expertise (27.0% professional
expertise in life sciences in treatment vs. 24.1% in control, p = 0.719). Comparing the pre-test

79

score means, we found that there are no baseline differences between the treatment and control
groups for outcome variables were not significantly different either (Table 3.1).
Table 3.1. Pre-test score means for treatment (n = 61) and control (n = 52) groups.
Variables
Treatment
Control
Sample
Wildlife Conservation Behavior
1.9277
1.8571
1.8948
Wildlife Value Orientation - mutualistic
0.3906
0.4237
0.4065
Coexistence
1.0391
0.8898
0.9675
Emotions towards Wildlife - pleasantness
0.7253
0.8503
0.7852
Emotions towards Wildlife - intensity
0.6458
0.5904
0.6192
Sense of Place – place attachment index
0.8073
0.9667
0.8817
Connection to Nature – nature relatedness index
1.5079
1.5429
1.5244
Science Efficacy
1.2594
1.3964
1.3233
a
No baseline differences between treatment and control groups were statistically significant.
b
Wildlife Conservation Behavior scale ranging from 1 = “never” to 5 = “very often”
c
Wildlife Value Orientation, Coexistence, Sense of Place, Connection to Nature, and Science
Efficacy scales ranging from -2 = “strongly disagree” to 2 = “strongly agree”
d
*Wildlife Value Orientation items were reverse coded to measure a mutualistic orientation
e
Mood Meter Pleasantness scale ranging from -2 = “unpleasant” to 2 = “pleasant”
f
Mood Meter Intensity scale ranging from -2 = “low intensity” to 2 = “high intensity

Measuring Outcome Variables
Factor analysis suggested that our scales were valid and reliable tools for measuring the
outcome variables of interest. Item loadings and index scores for primarily cognitive variables
such as wildlife value orientations (5 items, Cronbach’s alpha = 0.672) and human-wildlife
coexistence (2 items, Cronbach’s alpha = 0.694) both indicated effective measurement of these
latent constructs (Table 3.2).
Table 3.2. Principal Components Analysis Depicting Two-factor Structure of Items on Primarily
Cognitive Variables (n = 113).
Factor Loadings
Factor (with Items)
Mean
SD
1
2
1. Wildlife Value Orientation
0.42
0.66
(5 items, Chronbach’s α = 0.672)
I feel a strong emotional bond with wild
0.72
0.87
0.489
animals.
*Human needs are more important than
0.65
0.98
0.437
fish and wildlife protection

80

Table 3.2 (continued).
*Wildlife populations should be used so
0.38
1.04
0.371
that humans benefit
Wild animals should have the rights
0.43
0.99
0.550
similar to the rights of people
*Hunting is a positive and humane
-0.18
1.08
0.425
activity
2. Coexistence (2 items, Cronbach’s α =
0.99
0.62
0.694)
People and wild animals can live happily
1.03
0.73
0.643
together in the same place
It is safe for people to live around wild
0.87
0.78
0.787
animals
a
Wildlife Value Orientation and Coexistence ranging from -2 = “strongly disagree” to 2 =
“strongly agree”
b
*Wildlife Value Orientation items were reverse coded to measure a mutualistic orientation

Item loadings and index scores for primarily affective variables including emotions
towards wildlife pleasantness index (4 items, Cronbach’s alpha = 0.603), and intensity index (4
items, Cronbach’s alpha = 0.517) both indicated effective measurement of these latent constructs
(Table 3.3). People felt the most pleasant towards deer (M = 1.20, SD = 0.70), and the least
pleasant towards coyote (M = 0.27, SD = 1.18). They also felt the least intense emotions towards
deer (M = -0.03, SD = 1.36), and the most intense emotions towards bear (M = 1.42, SD = 1.01).
Table 3.3. Principal Components Analysis Depicting Two-factor Structure of Items on Primarily
Affective Variables (n = 113).
Factor Loadings
Factor (with Items)
Mean
SD
1
2
1. Mood Meter – Pleasantness Index
0.79
0.68
(4 items, Chronbach’s α = 0.603)
Deer
1.20
0.70
0.309
Bear
0.86
1.06
0.783
Raccoon
0.83
0.87
0.739
Coyote
0.27
1.18
0.777
2. Mood Meter – Intensity Index (4
0.63
0.81
items, Chronbach’s α = 0.517)
Bear
1.42
1.01
0.658
Coyote
1.00
1.27
0.718
Raccoon
0.10
1.29
0.645
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Table 3.3 (continued).
Deer
-0.03
1.36
0.533
Mood Meter Pleasantness scale ranging from -2 = “unpleasant” to 2 = “pleasant”
b
Mood Meter Intensity scale ranging from -2 = “low intensity” to 2 = “high intensity”
Item loadings and index scores for general environmental context variables such as sense
a

of place (6 items, Cronbach’s alpha = 0.813), and connection to nature (5 items, Cronbach’s
alpha = 0.902) both indicated effective measurement of these latent constructs (Table 3.4).
Table 3.4. Principal Components Analysis Depicting Two-factor Structure of Items on General
Environmental Context Variables (n = 113).
Factor Loadings
Factor (with Items)
Mean
SD
1
2
1. Sense of Place
0.88
0.64
(6 items, Chronbach’s α = 0.813)
My local area has abundant wildlife
1.07
0.79
0.623
My local area provides many
0.98
0.89
0.630
opportunities for nature-based recreation
activities
My local area has many people whose
0.73
0.87
0.656
company I enjoy
My local area is a close-knit and
0.60
0.87
0.771
neighborly community
I am very attached to the place where I
0.94
0.96
0.803
live
I feel happiest in the place where I live
0.92
0.92
0.815
2. Connection to Nature (5 items,
1.56
0.57
Chronbach’s α = 0.902)
I enjoy being outside in nature
1.72
0.61
0.865
I notice plants and animals wherever I am
1.58
0.67
0.814
I think about how my actions affect the
1.50
0.70
0.863
Earth
My relationship to nature is an important
1.45
0.73
0.873
part of who I am
I spend time outdoors whenever I can
1.37
0.82
0.843
a
Sense of Place and Connection to Nature scale ranging from -2 = “strongly disagree” to 2 =
“strongly agree”
Lastly, item loadings and index scores for behavioral variable such as wildlife
conservation behavior (8 items, Cronbach’s alpha = 0.842), and efficacy variable such as science
efficacy (7 items, Cronbach’s alpha = 0.866) all indicated effective measurement of these latent
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constructs (Table 3.5). The most popular conservation behaviors were “make my yard or my land
more desirable for wildlife” (M = 3.02, SD = 1.03), and “vote to support a policy/regulation that
affects wildlife conservation” (M = 2.62, SD = 1.27). Meanwhile, “I like learning about science”
(M = 1.57, SD = 0.65) was the highest scoring statement for science efficacy.
Table 3.5. Principal Components Analysis Depicting Two-factor Structure of Items on
Behavioral and Efficacy Variables (n = 113).
Factor Loadings
Factor (with Items)
Mean
SD
1
2
1. Wildlife Conservation Behavior
1.91
0.79
(8 items, Chronbach’s α = 0.842)
Make my yard or my land more desirable
3.02
1.03
0.608
for wildlife
Vote to support a policy/regulation that
2.62
1.27
0.680
affects wildlife conservation
Talk to others about the importance of
2.30
0.95
0.760
wildlife habitat and conservation
Communicate with leaders and decision
1.40
1.21
0.767
makers to advocate for wildlife-related
issues
Volunteer to clean up or improve wildlife
1.89
1.13
0.738
habitat
Donate money to support wildlife
1.88
1.28
0.752
conservation
Participate as an active member of a
1.18
1.25
0.785
wildlife conservation organization
Attempt to recruit others to participate in
0.88
1.06
0.402
Candid Critters
2. Science Efficacy (7 items, Cronbach’s
1.35
0.59
α = 0.866)
I like learning about science
1.57
0.65
0.880
Non-scientists can play an important role
1.51
0.55
0.544
in scientific research
I think I’m pretty good at following
1.45
0.59
0.761
instructions for scientific data collection
Wildlife management decision should be
1.42
0.68
0.671
based on sound science
I like participating in scientific projects
1.36
0.70
0.774
and studies
I enjoy talking to friends and family about
1.32
0.73
0.817
science topics
I feel confident in my ability to explain
1.03
0.94
0.782
science topics to others
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a
a

Wildlife Conservation Behavior scale ranging from 1 = “never” to 5 = “very often”
Science Efficacy scale ranging from -2 = “strongly disagree” to 2 = “strongly agree”

Exploring Treatment Effects
Our tests comparing treatment and control groups with adjustments for small sample
sizes, unequal variances, and multiple comparisons revealed significant program effects for
multiple outcome variables. In addition, volunteers’ perceptions that Candid Critters positively
influenced their views on wildlife was significant in both the treatment and control groups
(Welch’s F = 18.040, p < 0.001), with the treatment group having a significantly higher mean (M
= 1.16, SD = 0.80) in comparison with the control group (M = 0.52, SD = 0.79).
Our pre-post project score changes indicated that, with the exception of the emotions
towards wildlife intensity index (Welch’s F = 0.082, p = 0.776), the common trend was positive
score increases in the treatment group and minimal or negative score changes in the control
group (Figure 3.3). Despite positive trends, change scores for cognitive variables such as wildlife
value orientations (Welch’s F = 1.363, p = 0.246), and coexistence (Welch’s F = 0.702, p =
0.404) were not significant between the treatment and control groups. On the other hand,
treatment effects were observed for affective variables such as sense of place (Welch’s F =
8.469, p = 0.004), and connection to nature (Welch’s F = 5.350, p = 0.023) following familywise
error rate adjustment (Figure 3.3). We did not observe significant treatment effects with respect
to volunteers’ emotions towards wildlife on either the pleasantness index (Welch’s F = 0.695, p
= 0.406) or the intensity index (Welch’s F = 0.082, p = 0.776); however, trends suggested that
Candid Critters somewhat enhanced pleasant responses and dampened intense responses across
diverse species. Wildlife conservation behavior score changes in the treatment and control
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groups were not significantly different (Welch’s F = 1.385, p = 0.242. Lastly, science efficacy
(Welch’s F = 13.256, p < 0.001) was significant (Figure 3.3); this suggests that volunteers in the
treatment group significantly increased their attitudes about science and self-efficacy for science
as a result of participating in Candid Critters.

Wildlife Value Orientation
Coexistence
Emotions Towards Wildlife - Pleasantness
Emotions Towards Wildlife - Intensity
*Sense of Place
Connection to Nature
Wildlife Conservation Behavior
*Science Efficacy
-0.35

-0.25

Treatment

-0.15

-0.05

0.05

0.15

0.25

Control

Figure 3.3. One-way Welch’s ANOVA test comparing the difference of means, with 95%
confidence interval, between volunteers in the Candid Critters treatment (n=61) and control
groups (n=52). The mid-line of 0 indicates no change between the pre-test and post-test. Bars to
the right of this line indicates an increase, and bars to the left of this line indicates a decrease.

Discussion
Our evaluation results illustrate that, in addition to generating data about wildlife species
distribution and habitat use across North Carolina, the Candid Critters citizen science project also
had a significant social impacts on volunteers. Volunteers who deployed cameras as part of the
project’s treatment group indicated that Candid Critters had a positive influence on their views of
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wildlife. Additionally, the treatment positively impacted a number of other variables,
highlighting the broader outcomes that may be linked to citizen science participation.
Project-mediated changes in the cognitive variables we assessed were positive, but not
statistically significant. This finding supports the general assertion that cognitive constructs are
relatively immutable, and efforts to change orchestrate value shifts with the goal of advancing
conservation may be relatively ineffective (Manfredo, Teel, Sullivan, & Dietsch, 2017). Both
dominionistic and mutualistic values remain a strong source of identity for many people—a force
that directs individuals’ attitudes, norms, and behaviors with respect to wildlife (Manfredo et al.,
2017; Stedman & Heberlein, 2001). Most Candid Critters participants entered the project near
the mutualistic end of the value spectrum, creating little room for additional change in that
direction based on the project experience. Volunteers also entered the project with a high
perceived potential for coexistence with wildlife; however, these numbers increased slightly
more for individuals in the treatment group. This change, albeit small, suggests that projects like
Candid Critters, which help people connect with local wildlife in new ways, might offer an
innovative strategy for addressing growing concerns about human-wildlife conflict and
coexistence (Nyphus, 2016). When discussing the cognitive impacts of Candid Critters, the
potential for environmental knowledge gains (e.g., enhanced species identification accuracy)
should also be reiterated. Although this was not a focus of our study, other studies of volunteers
using the eMammal platform indicated that increased participation led to higher scores on the
wildlife ID quiz, as well as an increased knowledge on the mammal species (Forrester et al.,
2017).
Treatment effects were particularly pronounced with respect to affective variables such as
sense of place, and connection to nature. This supports previous research showing that even short
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exposures to nature enhances a person’s connectedness to nature (Frantz & Mayer, 2014). As
mentioned by Schuttler et al. (2018), the act of deploying cameras in the field and regularly
identifying wildlife species in the camera trap photos enables volunteers to form a more tangible
connection with nature in their local area. In addition to providing authentic contact with nature,
such experiences can foster stronger connections to places. Other research has revealed similar
results, showing that efforts to leverage the power of place in citizen science can impact decision
making and lead to more sustainable and resilient communities (Newman et al., 2017). Projects
like Candid Critters that intentionally connect people and place, even if it is through cameras,
can facilitate these outcomes. Surprisingly, the control group appeared to have a negative effect
on sense of place and connection to nature. Due to Candid Critters’ photos being public and open
for anyone to see, we suspect that some volunteers, after initial engagement with the project,
might have felt that their local area was not as cool, interesting or unique as other areas in North
Carolina. For instance, volunteers living in western North Carolina near the mountains might
capture more photos of bears compared to those volunteers living in the coastal areas. Following
this disillusionment or frustration, certain volunteers who took the training might have opted out
of the project, thereby entering the control group and contributing to the observed post-project
decline.
Another suite of affective responses – those focused on emotional dispositions toward
wildlife - were minimally impacted by the project. We hypothesized that, because humans have a
strong predisposition to react emotionally to animals (Hudenko, 2012; Jacobs, 2009), enhanced
encounters with wildlife (via camera trap photos) would influence those emotional reactions. We
detected small changes in the treatment group, with pleasant emotions becoming more prevalent,
and emotional intensity becoming more diminished, but none of these shifts were significant.
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Perhaps virtual exposure to wildlife via photos is insufficient to impact emotional dispositions,
which might be more strongly influenced by direct encounters (Hudenko, 2012). It is also
possible that emotions are species-specific, making an emotion index (i.e., aggregate Mood
Meter scores) somewhat difficult to interpret (Jacobs, Vaske, & Roemer, 2012). Future research
could provide a more nuanced look by examining links between self-reported emotions with
respect to certain species and the number of times volunteers were capturing those particular
species on camera.
Wildlife conservation behavior did not change much following the treatment. This is
most likely due to the fact that behavior is ultimately impacted by a broader array of contextual
factors (Schuttler et al., 2018). For example, research indicates that effective interventions must
target not just knowledge and attitudes, but also the social and cultural context in which
behaviors occur (Heberlein, 2012). In other words, behavior results from a combination of
cognitive variables, affective variables, and environmental context (Pedrozo et al., Chp. 2).
Candid Critters did impact a number of key behavioral antecedents such as sense of place
(Larson et al., 2018), suggesting that behavior change might be possible over time. For instance,
several authors have described how citizen science volunteers can become more supportive of
conservation practices by extending their knowledge learned beyond the scope of the project,
ultimately influencing actions on a broader scale (Schuttler et al., 2017; McKinley et al., 2017).
Similar impacts have been observed for specific projects. Data collectors and data consumers in
a water quality testing program in New York City concluded that both groups were more likely
to undertake a suite of conservation behaviors (Cooper et al., 2017). Additionally, participants in
a butterfly-related citizen science indicated that they maintained, or increased, their conservation
actions as a result of being connected with other volunteers (Lewandowski & Oberhauser, 2017).
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This suggests that through participation and interactions in multiple projects over time,
volunteers might eventually be inspired to engage in more conservation behavior (Ballard et al.,
2017; McKinley et al., 2017).
Science efficacy showed the most notable increase for volunteers in the treatment group.
People participating in Candid Critters were more likely to express positive views of science and
see themselves as effective scientists. In other words, volunteers emerged from the project not
only more knowledgeable about identifying wildlife species, but also with knowledge about how
to set up camera traps, how to collect scientific data, and how to appreciate the contributions of
data collection to inform wildlife research. Although previous research has yielded mixed results
with respect to citizen science-mediated changes in science literacy and efficacy (Jordan et al.,
2011), our study aligns with other work suggesting that science affinity, skills, and efficacy
should be considered as potential outcomes of citizen science participation (Phillips et al., 2018).
These trends have important implications for the increasingly contentious and controversial
public relationship with science (Bonney et al., 2016), and they illustrate how citizen science
could be used to advance broader science literacy goals (Bonney et al., 2009). However, it is also
important to note that science efficacy for the control group decreased. This could possibly be
due to volunteers, who after learning more about Candid Critters and taking the initial training,
lost confidence in their ability to conduct science and contribute to the project. These volunteers
with declining science efficacy would have self-selected for the control, potentially leading to the
score patterns we observed. Therefore, care should be taken to ensure that science efficacy is
promoted and reinforced at every stage of citizen science participation.
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Future Research and Implications
Several limitations of our study highlight opportunities for future research. First, future
evaluation efforts could focus on other citizen science projects to see if similar outcomes are
observed. Second, longitudinal analysis, often absent in program evaluation research (Ardoin,
Wheaton, Bowers, Hunt, & Durham, 2015), could be conducted to see if post-project effects last
for an extended period of time. Third, we used a rather static measure of project engagement
(camera deployment vs. no deployment). In reality, the extent to which volunteers engage in
Candid Critters varies substantially. Additional variables to consider might include number of
seasons of participating, number of cameras deployed, engagement with Candid Critters-related
materials (including the website), number of photo sequences uploaded and coded, and number
of species observed. These nuances would help to answer an important question: Does depth
and/or frequency of project participation matter?
Results showed a common trend: all of the outcome variables we considered (besides the
emotions towards wildlife intensity index) displayed an increase in pre-post score changes—
though many did not appear to be statistically significant. A larger sample size would facilitate
some of these comparisons, thereby increasing statistical power. Although we started out with
approximately 300 responses to the post-surveys, completed surveys that could not be matched
to a pre-survey reduced the number used in data analysis. For instance, some volunteers only
completed one of the surveys (either the pre-survey or the post-survey), while some volunteers
did neither of the surveys. Thus, there is a potential for a non-response bias. However,
demographically, results revealed minimal difference between the treatment and control groups.
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Therefore, we assumed that volunteers who did not complete the surveys would have similar
responses as well.
Finally, many of the Candid Critters volunteers already had an affinity for wildlife and
conservation considering they decided to volunteer with a wildlife-related project. Thus, their
baseline measures of cognitive, affective, behavioral, and science efficacy variables were already
high. Another study of eMammal participants showed a similar pattern: volunteers’ attitudes
towards conservation were already high before joining and therefore remained relatively
unchanged after participating (Forrester et al., 2017). Future research could account for this selfselection bias specifically recruiting and engaging people who are not wildlife enthusiasts. Such
an approach could lead to more pronounced treatment effects, encouraging managers to avoid
simply “preaching to the choir” (Bickford, Posa, Qie, Campos-Arceiz, & Kudavidanage, 2012).

Conclusion
Citizen science projects like Candid Critters can do more than just generate data for
scientific purposes. They can also impact the volunteers who collect those data and participate in
other aspects of the project. Previous research has highlighted the environmental knowledge
gains that can be achieved through citizen science (Jordan et al., 2012), including specific
wildlife projects (Forrester et al., 2017). Our study shows how projects can also impact affective
variables such as sense of place and connection to nature – both of which could enhance
sustainable conservation outcomes. These affective connections could be strongly emphasized in
project design and communication with volunteers (Newman et al., 2017). Finally, our results
show the capacity of citizen science to impact science efficacy – a shift that could yield a more
scientifically literate and capable citizenry (Bonney et al., 2016). By accomplishing these
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broader learning outcomes, citizen science projects can inspire volunteers to become agents of
change that impact the social and ecological systems in which they live, work, and play.
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SUMMARY AND MANAGEMENT IMPLICATIONS
As humans’ ecological footprint increases and continues to threaten wildlife and their
habitat, efforts to understand and promote wildlife conservation behavior (WCB) are becoming
increasingly important. However, in order to foster these types of behaviors, we first need to
know what influences them. The first part of this study sought to identify the factors linked to
WCB; the second investigated the specific impacts of a wildlife-related citizen science project
called Candid Critters on people’s relationship with wildlife in nature.

Factors associated with wildlife conservation behavior
Research on pro-environmental behavior use has often used cognitive models from
different disciplines, but affective drivers of behavior are conspicuously absent in most of these
models. Our study focused on these particular elements, honing in on potential affective drivers
of behavior that were both wildlife-specific and based on a larger environmental context. We
found that:
•

Emotions, especially pleasant emotional disposition towards wildlife matter. People who
experience pleasant emotions when they see a certain species in their local area are more
likely to do things to protect that species. While these are often based on physiological
responses (e.g., “thinking fast vs. thinking slow”), they can also be altered over time through
experience such as repeated direct or indirect (e.g., via media) positive contact with an
animal. Therefore, if we want to change people’s behavior, it is critical to think about more
than just the facts and logic, but emotional connections as well. While the pleasantness
dimension of the Mood Meter was important, intensity was not. This is likely due to the fact
that high intensity responses could be positive or negative, generating very different
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reactions. Future research should also consider emotional intensity, an important precursor to
action, by examining wildlife encounters in different contexts (ours was pretty benign).
•

Sense of place and connection nature, factors related to the broader environmental context in
which behaviors occur, were both important drivers of WCB. People who were strongly
rooted in place, particularly the natural environment in that place, were more likely to fight to
protect wildlife. Once again, this demonstrates the power of affective connections and the
important of experience when attempting to cultivate environmental stewardship. On the
other hand, people are less likely to act if they do not experience a connection to a place,
which encompasses the natural and socio-cultural aspects of the environment. These affective
relationships are critical, perhaps even more important than the cognitive processing
pathways that have typically received more attention in behavioral literature. Our data, like
results emerging from other studies, also suggest that outdoor recreation might play an
important role in this process. When people are outside and in contact with nature, their
propensity for WCB increases.

•

Citizen science offers one way to influence the variables mentioned above. By engaging
people in scientific experiences and fostering affective connections through those authentic
experiences, citizen science empowers people to make a difference. Citizen science also
helps people see the environment as part of their identity. For an ecology-oriented project
like Candid Critters, that might lead to direct stewardship actions with respect to wildlife. We
found that people who engage in multiple citizen science projects are more likely to engage
in WCB. For some, citizen science itself might be consider a form of WCB. Regardless of
causality, the implications here are strong: citizen science and conservation behavior appear
to go hand-in-hand.
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Impact of citizen science on volunteers
Research is beginning to highlight how citizen science can generate other positive
outcomes for participants. Although citizen science is rapidly growing in popularity, the focus
has long been on crowdsourced data collection to answer scientific questions. Far less attention
has been placed on the experience of the volunteers themselves. This study suggests that is a
major oversight. Our Candid Critters evaluation illustrates why.
The Candid Critters citizen science project has become a widely popular project in North
Carolina over the past few years. Being a state with three different ecological regions, people
have indicated how much they enjoyed seeing the different types of wildlife living throughout
the state. Particularly for researchers, data generated from the project has been useful in
monitoring wildlife populations, such as deer population. Additionally, the project was adapted
as a school curriculum for children to learn about wildlife. In citizen science, many people talk
and write about the potential benefits of projects like Candid Critters, but few have actually
studied and evaluated their projects. Specifically, despite its popularity and usefulness with
researchers and teachers, Candid Critters has never been formally evaluated and little is known
about its social impacts on the volunteers.
Our study sought to change that by formally evaluating the Candid Critters project using
a quasi-experimental pre-post approach. We found that the “treatment” (people who deployed
cameras as part of the project) led to increased scores for participants on every outcome variable
relative to the “control” (people who did not deploy a camera) group. Many of these changes
were statistically significant. For example, volunteers come out of the program with a stronger
sense of place and enhanced connection to nature. That is, people felt more emotionally
connected to their environment. In addition, Candid Critters also increased the volunteers’
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science efficacy—people saw how big of a role science plays in their lives. They came out more
confident in conducting, and contributing to the scientific processes. This adds on to previous
studies concluding that citizen science projects can increase ecological knowledge within its
volunteers. Overall, our results illustrate the many different ways that citizen can impact
volunteers and create more dedicated environmental stewards.

Implications for Citizen Science Project Design & Management
Our results indicate that Candid Critters is a successful citizen science project when it
comes volunteer outcomes. It is clearly engaging people in the scientific process and giving them
the tools they need to become more effective environmental stewards. However, our study also
highlights certain aspects of the project, and likely many other citizen science projects, that could
still be expanded. Specific recommendations include:
1. Create targeted outreach efforts to recruit more diverse participants. Most Candid
Critters participants are older, highly-educated, white volunteers with expertise in
professional fields related to life sciences or natural resources. We know from previous
research that this demographic group is dominant across most citizen science projects; it is
also the group that is more likely to engage in conservation behavior. How, then, do we avoid
“preaching to the choir?” Outreach efforts should focus on connecting with non-white
communities or connecting with professionals not in the environmental field and providing
them the opportunity to learn more about their environment. This can be accomplished by
addressing barriers and motivations. For example, a potential barrier could be that people,
despite having an interest in the project, do not have social support to continue participating
in Candid Critters. A potential solution could be to create a program where new volunteers
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can partner up with long-time volunteers to foster a more welcoming environment for the
new volunteers to join, hoping that these new volunteers end up staying with the project.
Another example of a barrier could be that people in low income communities live in
housing situations where there is no backyard to set up camera traps. One of the solutions
could be to persuade volunteers to work or team up with each other to set up a camera trap in
a public land instead of a private land. This could also provide the social support that would
lead to volunteer retention. Furthermore, since Candid Critters also has a classroom
component, Candid Critters can partner up with schools that have more diverse students. This
is so that these kids can receive an equal chance to learn about wildlife and the environment
through Candid Critters, as well as gain the social, physical and mental benefits that comes
with spending more time out in nature.
2. Integrate experiential activities that elicit emotional responses within the participants.
We now know that emotional connections to wildlife and the environment lead to WCB. We
also know that citizen science has the capacity to foster these emotional connections. Projects
like Candid Critters should capitalize on these potential impacts on people’s emotions, even
if they decided not to fully participate in the project. For instance, using the same idea of new
volunteers partnering up with long-time volunteers, the new volunteers can participate in
hiking out to grab an already deployed camera trap, then looking through and identifying the
wildlife species captured in some of the photos. This can be a fun and engaging activity to do
as an introduction to Candid Critters, especially since some of the volunteers can get deterred
with completing the initial logistics (e.g., training module, survey). More specifically, this
experience will give the new volunteers a “sneak peek” of the Candid Critters experience.
Hopefully, participating in the experiential activities will encourage the volunteers to push
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through the initial logistics. Furthermore, working as a team can foster a sense of community
within the volunteers as they would not feel like they are operating in isolation; instead, they
would be making friends through the project while improving their ecological and scientific
skills. Additionally, if budget allows it, on-site training could be offered to select library
locations as opposed to completing the online training module. Hands-on training and
physically setting up a camera trap can help new volunteers learn the protocol faster, and
retain the information that they learned. Depending on resources, training could even include
identifying the photos retrieved from a camera trap, including providing a list of common
wildlife species found in North Carolina. This face-to-face interaction might also stimulate
deeper connections with the project and focal species. Through a training approach like this,
the possibility of errors in regards to setting up camera traps, identifying wildlife species, and
uploading data to the online database will decrease, and affective connection to the project
might increase.
3. Incorporate volunteer outcomes directly into the overarching project goals. Most citizen
science project leaders do not outline what volunteers get out of giving their time to the
projects they contribute to. In fact, most of these project leaders do not even know what
benefits their volunteers are deriving from their experiences. Therefore, in addition to
generating data and scientific outputs, future citizen science projects should list one or two of
their project goals and directly relate it to volunteer outcomes. Particularly, this would help
the project evaluate its goals related to social outcomes. For instance, for the Candid Critters
project, a possible volunteer-oriented goal could be that “Candid Critters volunteers will
increase their knowledge on local mammal species in North Carolina.” Having this goal
acknowledges that volunteers benefit from the project because they can learn more about
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local wildlife in North Carolina at the same time that they are contributing to research data
that scientists will use. Lastly, by explicitly stating that the volunteers are an important
consideration in project management (and by building around that positive experience), the
project could even attract more volunteers.
In summary, this study shows that wildlife conservation requires a motivated human
population capable of thinking, feeling, and doing. Citizen science can help us get there!
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Appendix A: Pilot Survey
Candid Critters Volunteer Survey

Thank you for participating in Candid Critters! Please take a few minutes to tell us about your
experience in the project. The information you provide in this survey will help our team learn
how to improve Candid Critters to maximize benefits for participants.

Your participation in this follow-up survey is completely voluntary, but we hope you will take the
time to answer our questions. The survey should take 10-15 minutes to complete. If you complete
the survey, your name will be entered for a chance to win a $100 Amazon gift card.

To begin, please provide your name and email address. Note that this information is strictly for
data matching purposes (e.g., pairing project activities with your survey responses). Your identity
will be kept confidential and the information you give us will never be associated with your name
during data analysis and reporting. Thanks in advance for your help!

Name: ________________________________________________________________

Email: ________________________________________________________________
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Section 1. Participation in Candid Critters
1. How long (in months) have you participated in Candid Critters?
Number of months participating: _____________________
2. How many different camera locations have you monitored during your time
participating in Candid Critters?
Number of different camera locations: ___________________
3. During the past 12 months, in how many different seasons did you deploy cameras for
Candid Critters? (Check ALL that apply.)
󠆷 󠆷Fall
󠆷 Winter
󠆷 Summer
󠆷 Spring
4. During your participation in Candid Critters, about how often did you engage in the
following project-related activities? (Mark ONE response for each item.)

Never

Once
every
few
months

Once
every
few
weeks

Once
a week

A few
times
each
week

Daily

Visit the Candid Critters website

󠆷

󠆷

󠆷

󠆷

󠆷

󠆷

Interact on Candid Critters social
media (Facebook, Twitter,
Instagram, etc.)

󠆷

󠆷

󠆷

󠆷

󠆷

󠆷

View favorite photos

󠆷

󠆷

󠆷

󠆷

󠆷

󠆷

Interact with project data

󠆷

󠆷

󠆷

󠆷

󠆷

󠆷

󠆷

󠆷

󠆷

󠆷

󠆷

󠆷

(look at Candid Critters map)
Other (specify):
_____________________________
____
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5. How confident are you regarding the following aspects of your participation in Candid
Critters? (Mark ONE response for each item.)
Not at all
confident

Somewhat
confident

Confident

Very
confident

I consistently followed standard
protocols for data collection

1

2

3

4

I accurately identified wildlife species
in my photos

1

2

3

4

Published results from the project
accurately reflect the state of wildlife
populations in my area

1

2

3

4

6. What do you LIKE THE MOST about Candid Critters?

7. What do you LIKE THE LEAST about Candid Critters?

8. How could the Candid Critters project be improved?
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9. How likely are you to participate in Candid Critters in the future?
󠆷 󠆷Very unlikely
󠆷 Unlikely
󠆷 Not sure
󠆷 Likely
󠆷 Very likely
10. If you were to continue participating in Candid Critters, which TWO of the following
would most likely be the reasons why? (Mark TWO responses.)
󠆷 Nature-based recreation (get outside and spend time in nature, enjoy viewing
wildlife in natural settings)
󠆷 Personal accomplishment (feel good about my accomplishments, gain respect from
peers)
󠆷 Personal learning & curiosity (explore answers to questions I’ve wondered about,
build my own skills)
󠆷 󠆷Scientific discovery (contribute to scientific research, provide information about
wildlife species and populations)
󠆷 Social interaction & sharing (be part of a group effort, interact with peers and
science professionals, share knowledge and learn from others)
󠆷 Wildlife conservation (inform and support wildlife conservation efforts)
󠆷 Other (please specify): _____________________
Section 2. Your Thoughts About Wildlife
11. Do you disagree or agree with the following general statements about wildlife?
(Mark ONE response for each item.)
Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

Wildlife populations should be used so
that humans benefit

1

2

3

4

5

Wild animals should have the rights
similar to the rights of people

1

2

3

4

5
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Human needs are more important than
fish and wildlife protection

1

2

3

4

5

Hunting is a positive and humane
activity

1

2

3

4

5

I feel a strong emotional bond with
wild animals.

1

2

3

4

5

It is safe for people to live around wild
animals.

1

2

3

4

5

People and wild animals can live
happily together in the same place

1

2

3

4

5

12. Have you ever seen the following wild animals?
(Mark ONE reponse for each species.)
Yes, in media
Yes,
in person

(photos, TV,
etc.)

Yes, in person
AND in media

No

Bear

󠆷

󠆷

󠆷

󠆷

Coyote

󠆷

󠆷

󠆷

󠆷

Deer

󠆷

󠆷

󠆷

󠆷

Raccoon

󠆷

󠆷

󠆷

󠆷

The next few questions use a iagram called the Mood Meter to explore your feelings about
different wildlife species. The Mood Meter is a square divided into four quadrants
- RED, BLUE, GREEN, and YELLOW - each representing a different set of feelings. These
different feelings are grouped together based on their pleasantness and intensity level.
•
•
•
•

RED feelings: high intensity, low in pleasantness (e.g., angry, scared)
BLUE feelings: low intensity, low in pleasantness (e.g., sad, disappointed)
GREEN feelings: low intensity, high in pleasantness (e.g., calm, relaxed)
YELLOW feelings: high intensity, high in pleasantness (e.g., happy, excited)
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13-16. The Mood Meter below shows a range of possible feelings, including words that help
describe feelings in certain areas of the diagram.
Using the letter codes below, please mark the one place on the diagram that best describes
how you would feel if you saw each of the following species near your home.
• Bear (label with a B)
• Coyote (label with a C)
• Deer (label with a D)
• Raccoon (label with an R)
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17. In the coming years, what changes would you like to see in the populations of the
following wild animals in your local area? (Mark ONE response for each species.)
Hope they
Hope they Hope they
DECREASE DECREASE STAY the

Hope they
INCREASE

A LOT

a bit

SAME

Hope they
INCREASE
a bit

Bear

1

2

3

4

5

Coyote

1

2

3

4

5

Deer

1

2

3

4

5

Raccoon

1

2

3

4

5
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A LOT

18. How did your participation in Candid Critters influence your views of wildlife in North
Carolina?
󠆷 󠆷Strong negative influence
󠆷 󠆷Slight negative influence
󠆷 󠆷No major influence
󠆷 󠆷Slight positive influence
󠆷 󠆷Strong positive influence
18a. If Candid Critters influenced your views of wildlife in North Carolina (either
positively or negatively), please explain how.

Section 3. Wildlife Management in North Carolina
19. Which one government agency would you say is most responsible for managing and
conserving fish and wildlife in North Carolina? (Write answer in space below.)
______________________________________________________________________
20. The NC Wildlife Resources Commission (NCWRC) is responsible for managing and
conserving fish and wildlife in North Carolina. NCWRC is also the agency that sponsors
Candid Critters. Before this survey, how much would you say you knew about NCWRC?
󠆷 󠆷A great deal
󠆷 A moderate amount
󠆷 A little
󠆷 Nothing
󠆷 Don’t know
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21. The NCWRC provides a variety of services with respect to fish and wildlife resources
in North Carolina. Please answer the following questions about these services:
• (PART 1) How important is this service to you?
• (PART 2) Are you aware that NCWRC provides this service?
(Mark TWO responses per item, one for each PART.)
PART 2:
PART 1:

Are you
aware that
NCWRC
does this?

How important
is this service to you?

Service….

Not
import
ant

Modera
Slightly
tely
import importa
ant
nt

Import
ant

Very
import
ant

Yes

No

Conserve and manage
animals that are hunted and
fished (deer, bass, etc.)

1

2

3

4

5

󠆷

󠆷

Conserve and management
animals that are not hunted
and fished (songbirds,
salamanders, etc.)

1

2

3

4

5

󠆷

󠆷

Purchase and manage land
for wildlife habitat

1

2

3

4

5

󠆷

󠆷

Develop, adopt, and
enforce wildlife legislation
and rules

1

2

3

4

5

󠆷

󠆷

Help public and private
landowners conserve and
improve wildlife habitat on
their land

1

2

3

4

5

󠆷

󠆷

Provide hunting and fishing
opportunities

1

2

3

4

5

󠆷

󠆷
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Provide wildlife watching
opportunities
(birdwatching, etc.)

1

2

3

4

5

󠆷

󠆷

Provide access to boating
opportunities

1

2

3

4

5

󠆷

󠆷

Provide educational
programs that promote
awareness of wildlife
conservation and
management

1

2

3

4

5

󠆷

󠆷

22. Please indicate if you have ever engaged with NCWRC in the following ways?
(Check ALL that apply.)
󠆷 Visit NCWRC website
󠆷 Follow NCWRC on social media
󠆷 Contact NCWRC for information or assistance about wildlife-related issues
󠆷 Comment on regulations or wildlife issues in NC
󠆷 Attend public meeting conducted by NCWRC
󠆷 󠆷Participate in a program sponsored by NCWRC (not including Candid Critters)
󠆷 Other (specify): _________________________
Section 4. Your Connections to the Place Where You Live
23. Please indicate how you feel about your connection to nature?
(Mark ONE response for each item.)
Strongly
disagree

Disagree Neutral

Agree

Strongly
agree

I enjoy being outside in nature

1

2

3

4

5

I spend time outdoors whenever I can

1

2

3

4

5

I notice plants and animals wherever I
am

1

2

3

4

5
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I think about how my actions affect
the Earth

1

2

3

4

5

My relationship to nature is an
important part of who I am

1

2

3

4

5

24. In an average week (including Saturday and Sunday) about how many hours per day
do you spend outdoors in nature (in a park, forest, a backyard with trees, or similar place)?
(Circle ONE number on the scale below.)
Average Hours Per Day Spent Outdoors in Nature
0

0.2 .
5 5

1

1.2
5

1.
5

1.7
5

2

2.2
5

2.
5

2.7
5

3

3.2
5

3.
5

3.7
5

4

4.2
5

4.
5

4.7
5

>
5

25. Please indicate how you feel about the following statements regarding your local area?
(Mark ONE response for each item.)
Strongly
disagree

Disagree Neutral

Agree

Strongly
agree

My local area has abundant wildlife

1

2

3

4

5

My local area provides many
opportunities for nature-based
recreation activities

1

2

3

4

5

My local area has many people whose
company I enjoy

1

2

3

4

5

My local area is a close-knit and
neighborly community

1

2

3

4

5

I am very attached to the place where
I live

1

2

3

4

5

I feel happiest in the place where I
live

1

2

3

4

5
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26. How often do you engage in the following behaviors? (Mark ONE response per item.)
Very

Never

Rarely

Occasionally

Talk to others about the importance of wildlife
habitat and conservation

1

2

3

4

5

Attempt to recruit others to participate in
Candid Critters

1

2

3

4

5

Vote to support a policy/regulation that affects
wildlife conservation

1

2

3

4

5

Communicate with leaders and decision
makers to advocate for wildlife-related issues

1

2

3

4

5

Donate money to support wildlife conservation

1

2

3

4

5

Make my yard or my land more desirable for
wildlife

1

2

3

4

5

Volunteer to clean up or improve wildlife
habitat

1

2

3

4

5

Participate as an active member of a wildlife
conservation organization

1

2

3

4

5

Often

often

Section 5. Your Thoughts About Science
27. Please indicate how you feel about the following statements regarding the role of
science in your life? (Mark ONE response for each item.)
Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

I like learning about science

1

2

3

4

5

I like participating in scientific
projects and studies

1

2

3

4

5
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I enjoy talking to friends and family
about science topics

1

2

3

4

5

I feel confident in my ability to
explain science topics to others

1

2

3

4

5

I think I’m pretty good at following
instructions for scientific data
collection

1

2

3

4

5

Non-scientists can play an important
role in scientific research

1

2

3

4

5

Wildlife management decisions
should be based on sound science

1

2

3

4

5

Section 6. About 󠆷You…
28. Is Candid Critters the FIRST citizen science project that you have participated in?
󠆷 Yes
󠆷 I don’t recall
󠆷 No (see below)
27a. 󠆷If 󠆷NO, 󠆷please 󠆷list 󠆷other 󠆷citizen 󠆷science 󠆷projects 󠆷that 󠆷you’ve 󠆷participated 󠆷in 󠆷prior 󠆷
to Candid Critters (including any that are not wildlife-related):
____________________________________________________________________
29. What is your gender?
󠆷 Female
󠆷 Male
󠆷 Other
30. In what year were you born?

Year: ___________________

31. How long have you been living in the North Carolina COUNTY where you currently
reside? _________ years
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32. What is your race/ethnicity? (Check ALL that apply.)
󠆷 White
󠆷 Hispanic or Latino
󠆷 Black or African American
󠆷 Asian
󠆷 American Indian or Alaska Native
󠆷 Middle Eastern or North African
󠆷 Native Hawaiian or Other Pacific Islander
󠆷 Other (please specify): __________________________

33. What is the highest level of education that you have completed? (Mark ONE response.)
󠆷 Some high school
󠆷 High school diploma or GED
󠆷 Associate’s or Bachelor’s degree (BA, BS, etc.)
󠆷 Graduate or professional degree (MS, MBA, MD, JD, PhD, etc.)
34. Which of the following categories best describes your primary area of professional
expertise or training? (Mark ONE and specify as needed.)
󠆷 Life sciences, natural resources, or conservation
󠆷 Other (please specify): __________________________________________________
35. About how often have you participated in the following nature-based recreation
activities during the past 12 months? (Mark ONE response for each activity.)
Never

Rarely

Occasionally

Often

Biking

󠆷

󠆷

󠆷

󠆷

Camping

󠆷

󠆷

󠆷

󠆷

Fishing

󠆷

󠆷

󠆷

󠆷

Hiking or walking

󠆷

󠆷

󠆷

󠆷
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Hunting

󠆷

󠆷

󠆷

󠆷

Kayaking, canoeing, sailing

󠆷

󠆷

󠆷

󠆷

Motorized boating

󠆷

󠆷

󠆷

󠆷

Sport shooting or archery

󠆷

󠆷

󠆷

󠆷

Running or jogging

󠆷

󠆷

󠆷

󠆷

Swimming

󠆷

󠆷

󠆷

󠆷

Wildlife watching or photography

󠆷

󠆷

󠆷

󠆷

Other (specify):
_____________________________

󠆷

󠆷

󠆷

󠆷

36. Are there any children under age 18 currently living in your household?
󠆷 Yes (see below)
󠆷 No
37. What is the ZIP code for your current home address?

ZIP: ____________

Section 󠆷7. 󠆷Additional 󠆷Comments…
Please provide any additional 󠆷comments 󠆷about 󠆷Candid 󠆷Critters 󠆷that 󠆷you’d 󠆷like 󠆷us 󠆷to 󠆷see 󠆷in 󠆷
the space below:

Thanks for completing this survey, and thanks for being a Candid Critters project
volunteer! Your name will now be entered into a drawing to win a $100 Amazon gift card.
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This study is being conducted by NC State University in collaboration with the NC Wildlife
Resources Commission and the NC Museum of Natural Sciences. If you have any additional
questions or would like to learn more about our study, please contact Dr. Lincoln Larson,
Assistant Professor in the College of Natural Resources at NC State, by telephone (919-5158947) or email (LRLarson@ncsu.edu).
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Appendix B: Pre-Project Survey
Candid Critters Volunteer Survey

Thank you for registering for Candid Critters! We are excited about your interest in this
important project, and we’re glad to have you as part of our team. To help us get to know you
better, please take a few minutes to tell us about yourself and your experiences related to wildlife
and conservation. The information you provide in this survey will inform the management of
Candid Critters so that volunteers like you get the most of the project.

Your participation in this survey is completely voluntary, but we sincerely hope you will take the
time to answer our questions. The survey should take 10-15 minutes to complete. If you complete
the survey, your name will be entered for a chance to win a $100 Amazon gift card. And be sure
to keep an eye out for cool critter photos as you go!

To begin, please provide your name and email address. Note that this information is strictly for
data matching purposes (e.g., pairing pre-project with post-project responses). Your identity will
be kept confidential and the information you give us will never be associated with your name
during data analysis and reporting. Thanks in advance for your help!

Name: ________________________________________________________________

Email: ________________________________________________________________
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Section 1. Participation in Candid Critters
1. Is Candid Critters the first citizen science project that you have participated in?
󠆷 Yes
󠆷 I don’t recall
󠆷 No (see below)
1a. 󠆷If 󠆷NO, 󠆷please 󠆷list 󠆷other 󠆷citizen 󠆷science 󠆷projects 󠆷that 󠆷you’ve 󠆷participated 󠆷in 󠆷prior 󠆷
to Candid Critters (including any that are not wildlife-related):
____________________________________________________________________
2. How important to you are the following reasons for participating in the Candid Critters
Project? (Mark ONE response for each item.)
Not at all
important

Slightly
important

Moderately
important

Important

Very
important

Nature-based
recreation
(get outside and spend
time in nature, enjoy
viewing wildlife in
natural settings)

1

2

3

4

5

Personal
accomplishment
(feel good about my
accomplishments, gain
respect from peers)

1

2

3

4

5

Personal learning &
curiosity
(explore answers to
questions I’ve wondered
about, build my own
skills)

1

2

3

4

5

Scientific discovery
(contribute to scientific
research, provide
information about
wildlife species and
populations)

1

2

3

4

5
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Social interaction &
sharing
(be part of a group
effort, interact with
peers and science
professionals, share
knowledge and learn
from others)

1

2

3

4

5

Wildlife conservation
(inform and support
wildlife conservation
efforts)

1

2

3

4

5

Other (please specify):
___________________

1

2

3

4

5

3. Which TWO of the reasons listed above were your primary reasons for deciding to take
part in Candid Critters? (Mark TWO responses.)
󠆷 Nature-based recreation (get outside and spend time in nature, enjoy viewing
wildlife in natural settings)
󠆷 Personal accomplishment (feel good about my accomplishments, gain respect from
peers)
󠆷 Personal learning & curiosity (explore answers to questions I’ve wondered about,
build my own skills)
󠆷 󠆷Scientific discovery (contribute to scientific research, provide information about
wildlife species and populations)
󠆷 Social interaction & sharing (be part of a group effort, interact with peers and
science professionals, share knowledge and learn from others)
󠆷 Wildlife conservation (inform and support wildlife conservation efforts)
󠆷 Other (please specify): _____________________
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Section 2. Your Thoughts About Wildlife
4. Do you disagree or agree with the following general statements about wildlife?
(Mark ONE response for each item.)
Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

Wildlife populations should be used so
that humans benefit

1

2

3

4

5

Wild animals should have rights
similar to the rights of people

1

2

3

4

5

Human needs are more important than
fish and wildlife protection

1

2

3

4

5

Hunting is a positive and humane
activity

1

2

3

4

5

I feel a strong emotional bond with
wild animals.

1

2

3

4

5

It is safe for people to live around wild
animals.

1

2

3

4

5

People and wild animals can live
happily together in the same place

1

2

3

4

5

5. Have you ever seen the following wild animals?
(Mark ONE response for each species.)
Yes, in media
Yes,
in person

(photos, TV,
etc.)

Yes, in person
and in media

No

Bear

󠆷

󠆷

󠆷

󠆷

Coyote

󠆷

󠆷

󠆷

󠆷
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Deer

󠆷

󠆷

󠆷

󠆷

Raccoon

󠆷

󠆷

󠆷

󠆷

The next few questions use a diagram called the Mood Meter to explore your feelings about
different wildlife species. The Mood Meter is a square divided into four quadrants
- RED, BLUE, GREEN, and YELLOW - each representing a different set of feelings. These
different feelings are grouped together based on their pleasantness and intensity level.
•
•
•
•

RED feelings: high intensity, low in pleasantness (e.g., angry, scared)
BLUE feelings: low intensity, low in pleasantness (e.g., sad, disappointed)
GREEN feelings: low intensity, high in pleasantness (e.g., calm, relaxed)
YELLOW feelings: high intensity, high in pleasantness (e.g., happy, excited)

6-9. The Mood Meter below shows a range of possible feelings, including words that help
describe feelings in certain areas of the diagram.
Using the letter codes below, please mark the one place on the diagram that best describes
how you would feel if you saw each of the following species near your home.
• Bear (label with a B)
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• Coyote (label with a C)
• Deer (label with a D)
• Raccoon (label with an R)

10. In the coming years, what changes would you like to see in the populations of the
following wild animals in your local area? (Mark ONE response for each species.)
Hope they
Hope they Hope they
DECREASE DECREASE STAY the

Hope they
INCREASE

A LOT

a bit

SAME

Hope they
INCREASE
a bit

Bear

1

2

3

4

5

Coyote

1

2

3

4

5

Deer

1

2

3

4

5
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A LOT

Raccoon

1

2

3

4

5

11. How likely do you think it is that the following animals will be captured in your Candid
Critters camera(s)? (Mark ONE response for each species.)
Very

Not

Very

unlikely

Unlikely

sure

Likely

likely

Bear

1

2

3

4

5

Coyote

1

2

3

4

5

Deer

1

2

3

4

5

Raccoon

1

2

3

4

5

Section 3. Wildlife Management in North Carolina
12. Which one government agency would you say is most responsible for managing and
conserving fish and wildlife in North Carolina? (Write answer in space below.)
______________________________________________________________________
13. The NC Wildlife Resources Commission (NCWRC) is responsible for managing and
conserving fish and wildlife in North Carolina. NCWRC is also the agency that sponsors
Candid Critters. Before this survey, how much would you say you knew about NCWRC?
󠆷 󠆷A great deal
󠆷 A moderate amount
󠆷 A little
󠆷 Nothing
󠆷 Don’t know

14. The NCWRC provides a variety of services with respect to fish and wildlife resources
in North Carolina. Please answer the following questions about these services:
(PART 1) How important is this service to you?
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(PART 2) Are you aware that NCWRC provides this service?
(Mark TWO responses per item, one for each PART.)
PART 2:
PART 1:

Are you
aware that
NCWRC
does this?

How important
is this service to you?

Not
import
ant

Slightl
y
import
ant

Modera
tely
importa
nt

Conserve and manage
animals that are hunted and
fished (deer, bass, etc.)

1

2

Conserve and management
animals that are not hunted
and fished (songbirds,
salamanders, etc.)

1

Purchase and manage land
for wildlife habitat

Import
ant

Very
import
ant

Yes

No

3

4

5

󠆷

󠆷

2

3

4

5

󠆷

󠆷

1

2

3

4

5

󠆷

󠆷

Develop, adopt, and enforce
wildlife legislation and rules

1

2

3

4

5

󠆷

󠆷

Help public and private
landowners conserve and
improve wildlife habitat on
their land

1

2

3

4

5

󠆷

󠆷

Provide hunting and fishing
opportunities

1

2

3

4

5

󠆷

󠆷

Provide wildlife watching
opportunities (birdwatching,
etc.)

1

2

3

4

5

󠆷

󠆷

Service….
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Provide access to boating
opportunities

1

2

3

4

5

󠆷

󠆷

Provide educational
programs that promote
awareness of wildlife
conservation and
management

1

2

3

4

5

󠆷

󠆷

15. Please indicate if you have ever engaged with NCWRC in the following ways?
(Check ALL that apply.)
󠆷 Visit NCWRC website
󠆷 Follow NCWRC on social media
󠆷 Contact NCWRC for information or assistance about wildlife-related issues
󠆷 Commented on regulations or wildlife issues in NC
󠆷 Attended public meeting conducted by NCWRC
󠆷 󠆷Participated in a program sponsored by NCWRC (not including Candid Critters)
󠆷 Other (specify): _________________________
Section 4. Your Connections to the Place Where You Live
16. Please indicate how you feel about your connection to nature?
(Mark ONE response for each item.)
Strongly
disagree

Disagree Neutral

Agree

Strongly
agree

I enjoy being outside in nature

1

2

3

4

5

I spend time outdoors whenever I can

1

2

3

4

5

I notice plants and animals wherever I
am

1

2

3

4

5

I think about how my actions affect
the Earth

1

2

3

4

5
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My relationship to nature is an
important part of who I am

1

2

3

4

5

17. In an average week (including Saturday and Sunday) about how many hours per day
do you spend outdoors in nature (in a park, forest, a backyard with trees, or similar place)?
(Circle ONE number on the scale below.)
Average Hours Per Day Spent Outdoors in Nature
0

.5

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

6.5

7

7.5

>8

18. Please indicate how you feel about the following statements regarding your local area?
(Mark ONE response for each item.)
Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

My local area has abundant wildlife

1

2

3

4

5

My local area provides many
opportunities for nature-based
recreation activities

1

2

3

4

5

My local area has many people
whose company I enjoy

1

2

3

4

5

My local area is a close-knit and
neighborly community

1

2

3

4

5

I am very attached to the place
where I live

1

2

3

4

5

I feel happiest in the place where I
live

1

2

3

4

5

133

19. How often do you engage in the following behaviors? (Mark ONE response per item.)
Occasionally Often

Very

Never

Rarely

often

Talk to others about the importance of
wildlife habitat and conservation

1

2

3

4

5

Attempt to recruit others to participate in
Candid Critters

1

2

3

4

5

Vote to support a policy/regulation that affects
wildlife conservation

1

2

3

4

5

Communicate with leaders and decision
makers to advocate for wildlife-related issues

1

2

3

4

5

Donate money to support wildlife
conservation

1

2

3

4

5

Make my yard or my land more desirable for
wildlife

1

2

3

4

5

Volunteer to clean up or improve wildlife
habitat

1

2

3

4

5

Participate as an active member of a wildlife
conservation organization

1

2

3

4

5

Section 5. Your Thoughts About Science
20. Please indicate how you feel about the following statements regarding the role of
science in your life? (Mark ONE response for each item.)
Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

I like learning about science

1

2

3

4

5

I like participating in scientific
projects and studies

1

2

3

4

5
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I enjoy talking to friends and
family about science topics

1

2

3

4

5

I feel confident in my ability to
explain science topics to others

1

2

3

4

5

I think I’m pretty good at
following instructions for
scientific data collection

1

2

3

4

5

Non-scientists can play an
important role in scientific
research

1

2

3

4

5

Wildlife management decisions
should be based on sound
science

1

2

3

4

5

Section 󠆷6. 󠆷About 󠆷You…
21. What is your gender?
󠆷 Female
󠆷 Male
󠆷 Other
22. In what year were you born?

Year: ___________________

23. How long have you been living in the North Carolina COUNTY where you currently
reside?
_________ years
24. What is your race/ethnicity? (Check ALL that apply.)
󠆷 White
󠆷 Hispanic or Latino
󠆷 Black or African American
󠆷 Asian
󠆷 American Indian or Alaska Native
135

󠆷 Middle Eastern or North African
󠆷 Native Hawaiian or Other Pacific Islander
󠆷 Other (please specify): __________________________
25. What is the highest level of education that you have completed? (Mark ONE response.)
󠆷 Some high school
󠆷 High school diploma or GED
󠆷 Associate’s or Bachelor’s degree (BA, BS, etc.)
󠆷 Graduate or professional degree (MS, MBA, MD, JD, PhD, etc.)
26. Which of the following categories best describes your primary area of professional
expertise or training? (Mark ONE and specify as needed.)
󠆷 Life sciences, natural resources, or conservation
󠆷 Other (please specify): __________________________________________________
27. About how often have you participated in the following nature-based recreation
activities during the past 12 months? (Mark ONE response for each activity.)
Never

Rarely

Occasionally

Often

Biking

󠆷

󠆷

󠆷

󠆷

Camping

󠆷

󠆷

󠆷

󠆷

Fishing

󠆷

󠆷

󠆷

󠆷

Hiking or walking

󠆷

󠆷

󠆷

󠆷

Hunting

󠆷

󠆷

󠆷

󠆷

Kayaking, canoeing, sailing

󠆷

󠆷

󠆷

󠆷

Motorized boating

󠆷

󠆷

󠆷

󠆷

Sport shooting or archery

󠆷

󠆷

󠆷

󠆷
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Running or jogging

󠆷

󠆷

󠆷

󠆷

Swimming

󠆷

󠆷

󠆷

󠆷

Wildlife watching or photography

󠆷

󠆷

󠆷

󠆷

Other (specify):
_____________________________

󠆷

󠆷

󠆷

󠆷

28. Are there any children under age 18 currently living in your household?
󠆷 Yes (see below)
󠆷 No
29. What is the ZIP code for your current home address?

ZIP: ____________

30. Any additional comments for the Candid Critters project team? Please add them here:

Thank you for taking the time to participate in this survey, which is being conducted by NC State
University in collaboration with the NC Wildlife Resources Commission and the NC Museum of
Natural Sciences.
If you have any additional questions or would like to learn more about our study, please contact
Dr. Lincoln Larson, Assistant Professor in the College of Natural Resources at NC State, by
telephone (919-515-8947) or email (LRLarson@ncsu.edu).
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Appendix C: Post-Project Survey
Candid Critters Volunteer Survey

Thank you once again for your interest in the Candid Critters project! Whether or not you
actually deployed a camera as part of the project (even if you never took the training), we would
love to hear more about your experience. Please take a few minutes to provide some input. The
information you provide in this survey will help our team improve Candid Critters to maximize
benefits for volunteers like you.

Your participation in this follow-up survey is completely voluntary, but we hope you will take the
time to answer our questions. The survey should take 10-15 minutes to complete. If you complete
the survey, your name will be entered for a chance to win a $100 Amazon gift card.

To begin, please provide your name and email address. Note that this information is strictly for
data matching purposes (e.g., pairing pre-project with post-project responses). Your identity will
be kept confidential and the information you give us will never be associated with your name
during data analysis and reporting. Thanks in advance for your help!

Name: ________________________________________________________________

Email: ________________________________________________________________
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Section 1. Participation in Candid Critters
1.1. Did you successfully complete the online training for Candid Critters volunteers at
some point during the past 12 months?
󠆷 󠆷Yes
󠆷 No (SKIP to 1.3)
1.2. Did you deploy a wildlife camera as part of the Candid Critters project at some point
during the past 12 months?
󠆷 󠆷Yes (SKIP to 1.4)
󠆷 No
1.3. If you decided not to participate in Candid Critters, please tell us why:

After answering, SKIP to 1.10.
1.4. How many different camera locations have you monitored during your time
participating in Candid Critters?
Number of different camera locations: ___________________
1.5. During the past 12 months, in how many different seasons did you deploy cameras for
Candid Critters? (Check ALL that apply.)
󠆷 󠆷Fall
󠆷 Winter
󠆷 Summer
󠆷 Spring
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1.6. During your participation in Candid Critters, about how often did you engage in the
following project-related activities? (Mark ONE response for each item.)

Never

Once
every
few
months

Once
every
few
weeks

Once
a week

A few
times
each
week

Daily

Visit the Candid Critters website

󠆷

󠆷

󠆷

󠆷

󠆷

󠆷

Upload photos from your camera to
the Candid Critters (or eMammal)
website

󠆷

󠆷

󠆷

󠆷

󠆷

󠆷

Interact on Candid Critters social
media (Facebook, Twitter,
Instagram, etc.)

󠆷

󠆷

󠆷

󠆷

󠆷

󠆷

View favorite photos

󠆷

󠆷

󠆷

󠆷

󠆷

󠆷

Interact with project data

󠆷

󠆷

󠆷

󠆷

󠆷

󠆷

󠆷

󠆷

󠆷

󠆷

󠆷

󠆷

(look at Candid Critters map)
Other (specify):
_____________________________

1.7. What did you LIKE THE MOST about Candid Critters?

1.8. What did you LIKE THE LEAST about Candid Critters?

1.9. How could the Candid Critters project be improved?
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1.10. How confident are you regarding the following aspects of your participation in
Candid Critters? (Mark ONE response for each item.)
Not at all
confident

Somewhat
confident

Confident

Very
confident

I consistently followed standard protocols
for data collection

1

2

3

4

I accurately identified wildlife species in
my photos

1

2

3

4

I learned a lot about wildlife in my local
area

1

2

3

4

1.11. Do you disagree or agree with the following statements about wildlife monitoring
data? (Mark ONE response for each item.)
Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

I trust the data generated by Candid
Critters

1

2

3

4

5

I think we can rely on Candid
Critters data for management
decisions

1

2

3

4

5

I am confident in the data generated
by Candid Critters

1

2

3

4

5

1.12. How likely are you to participate in Candid Critters in the future?
󠆷 󠆷Very unlikely
󠆷 Unlikely
󠆷 Not sure
󠆷 Likely
󠆷 Very likely
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1.13. If you were to continue participating in Candid Critters, which TWO of the following
would most likely be the reasons why? (Mark TWO responses.)
󠆷 Nature-based recreation (get outside and spend time in nature, enjoy viewing
wildlife in natural settings)
󠆷 Personal accomplishment (feel good about my accomplishments, gain respect from
peers)
󠆷 Personal learning & curiosity (explore answers to questions I’ve wondered about,
build my own skills)
󠆷 󠆷Scientific discovery (contribute to scientific research, provide information about
wildlife species and populations)
󠆷 Social interaction & sharing (be part of a group effort, interact with peers and
science professionals, share knowledge and learn from others)
󠆷 Wildlife conservation (inform and support wildlife conservation efforts)
󠆷 Other (please specify): _____________________
Section 2. Your Thoughts About Wildlife
2.1. Do you disagree or agree with the following general statements about wildlife?
(Mark ONE response for each item.)
Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

Wildlife populations should be used so
that humans benefit

1

2

3

4

5

Wild animals should have the rights
similar to the rights of people

1

2

3

4

5

Human needs are more important than
fish and wildlife protection

1

2

3

4

5

Hunting is a positive and humane
activity

1

2

3

4

5

I feel a strong emotional bond with
wild animals.

1

2

3

4

5
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It is safe for people to live around wild
animals.

1

2

3

4

5

People and wild animals can live
happily together in the same place

1

2

3

4

5

2.2-2.5. The diagram below shows a range of possible feelings based on level on
energy/intensity and level of pleasantness (from low to high). The words highlight some of
the potential feelings at different points on the grid.
Please indicate how you would feel if you saw the following wild animals near your home.
(Mark ONE word or place on the diagram for each of the following four species using the letter
codes noted below.)
• Bear (label with a B)
• Coyote (label with a C)
• Deer (label with a D)
• Raccoon (label with an R)
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2.6. In the coming years, what changes would you like to see in the populations of the
following wild animals in your local area? (Mark ONE response for each species.)
Hope they
Hope they Hope they
DECREASE DECREASE STAY the

Hope they
INCREASE

A LOT

a bit

SAME

Hope they
INCREASE
a bit

Bear

1

2

3

4

5

Coyote

1

2

3

4

5

Deer

1

2

3

4

5

Raccoon

1

2

3

4

5

A LOT

2.7. How did your participation in Candid Critters influence your views of wildlife in North
Carolina?
󠆷 󠆷Strong negative influence
󠆷 󠆷Slight negative influence
󠆷 󠆷No major influence
󠆷 󠆷Slight positive influence
󠆷 󠆷Strong positive influence
2.7a. If Candid Critters influenced your views of wildlife in North Carolina (either
positively or negatively), please explain how.

Section 3. Wildlife Management in North Carolina
3.1. Which one government agency would you say is most responsible for managing and
conserving fish and wildlife in North Carolina? (Write answer in space below.)
______________________________________________________________________
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3.2. The NC Wildlife Resources Commission (NCWRC) is responsible for managing and
conserving fish and wildlife in North Carolina. NCWRC is also the agency that sponsors
Candid Critters. How much would you say you know about NCWRC?
󠆷 󠆷A great deal
󠆷 A moderate amount
󠆷 A little
󠆷 Nothing
󠆷 Don’t know
3.3. The NCWRC provides a variety of services with respect to fish and wildlife resources
in North Carolina. Are you aware that NCWRC provides the following services?
(Mark ONE responses per item.)
Are you aware that NCWRC does this?
YES, I was aware
of this.

NO, I was not
aware of this.

Conserve and manage animals that are hunted
and fished (deer, bass, etc.)

󠆷

󠆷

Conserve and management animals that are not
hunted and fished (songbirds, salamanders, etc.)

󠆷

󠆷

Purchase and manage land for wildlife habitat

󠆷

󠆷

Develop, adopt, and enforce wildlife legislation
and rules

󠆷

󠆷

Help public and private landowners conserve and
improve wildlife habitat on their land

󠆷

󠆷

Provide hunting and fishing opportunities

󠆷

󠆷

Provide wildlife watching opportunities
(birdwatching, etc.)

󠆷

󠆷

Provide access to boating opportunities

󠆷

󠆷

Service….
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Provide educational programs that promote
awareness of wildlife conservation and
management

󠆷

󠆷

3.4. Please indicate if you have ever engaged with NCWRC in the following ways?
(Check ALL that apply.)
󠆷 Visit NCWRC website
󠆷 Follow NCWRC on social media
󠆷 Contact NCWRC for information or assistance about wildlife-related issues
󠆷 Commented on regulations or wildlife issues in NC
󠆷 Attended public meeting conducted by NCWRC
󠆷 󠆷Participate in a program sponsored by NCWRC (not including Candid Critters)
󠆷 Other (specify): _________________________
3.5. How would you describe your overall impression of the NCWRC in its role managing
wildlife habitat and populations in North Carolina? (Mark ONE response.)
󠆷 Negative
󠆷 Somewhat negative
󠆷 Neither positive nor negative
󠆷 Somewhat positive
󠆷 Positive
Section 4. Your Connections to the Place Where You Live
4.1. Please indicate how you feel about your connection to nature?
(Mark ONE response for each item.)
Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

I enjoy being outside in nature

1

2

3

4

5

I spend time outdoors whenever I can

1

2

3

4

5
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I notice plants and animals wherever I
am

1

2

3

4

5

I think about how my actions affect
the Earth

1

2

3

4

5

My relationship to nature is an
important part of who I am

1

2

3

4

5

4.2. In an average week (including Saturday and Sunday) about how many hours per day
do you spend outdoors in nature (in a park, forest, a backyard with trees, or similar place)?
(Circle ONE number on the scale below.)
Average Hours Per Day Spent Outdoors in Nature
0

0.2 .
5 5

1

1.2
5

1.
5

1.7
5

2

2.2
5

2.
5

2.7
5

3

3.2
5

3.
5

3.7
5

4

4.2
5

4.
5

4.7
5

>
5

4.3. Please indicate how you feel about the following statements regarding your local area?
(Mark ONE response for each item.)
Strongly
disagree

Disagree

Neutral

Agree

Strongly
agree

My local area has abundant wildlife

1

2

3

4

5

My local area provides many
opportunities for nature-based
recreation activities

1

2

3

4

5

My local area has many people whose
company I enjoy

1

2

3

4

5

My local area is a close-knit and
neighborly community

1

2

3

4

5

I am very attached to the place where I
live

1

2

3

4

5

I feel happiest in the place where I live

1

2

3

4

5
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4.4. How often do you engage in the following behaviors? (Mark ONE response per item.)
Very

Never

Rarely

Occasionally

Talk to others about the importance of wildlife
habitat and conservation

1

2

3

4

5

Attempt to recruit others to participate in
Candid Critters

1

2

3

4

5

Vote to support a policy/regulation that affects
wildlife conservation

1

2

3

4

5

Communicate with leaders and decision
makers to advocate for wildlife-related issues

1

2

3

4

5

Donate money to support wildlife conservation

1

2

3

4

5

Make my yard or my land more desirable for
wildlife

1

2

3

4

5

Volunteer to clean up or improve wildlife
habitat

1

2

3

4

5

Participate as an active member of a wildlife
conservation organization

1

2

3

4

5

Often

often

Section 5. Your Thoughts About Science
5.1. Please indicate how you feel about the following statements regarding the role of
science in your life? (Mark ONE response for each item.)
Strongly
disagree

Disagree Neutral

Agree

Strongly
agree

I like learning about science

1

2

3

4

5

I like participating in scientific
projects and studies

1

2

3

4

5
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I enjoy talking to friends and family
about science topics

1

2

3

4

5

I feel confident in my ability to
explain science topics to others

1

2

3

4

5

I think I’m pretty good at following
instructions for scientific data
collection

1

2

3

4

5

Non-scientists can play an important
role in scientific research

1

2

3

4

5

Wildlife management decisions
should be based on sound science

1

2

3

4

5

Section 󠆷6. 󠆷Additional 󠆷Information…
Would you like to be considered for the $100 Amazon gift card drawing?
󠆷 Yes
󠆷 No
Please 󠆷provide 󠆷any 󠆷additional 󠆷comments 󠆷about 󠆷Candid 󠆷Critters 󠆷that 󠆷you’d 󠆷like 󠆷us 󠆷to 󠆷see 󠆷in 󠆷
the space below:

Thank you for taking the time to participate in this survey, which is being conducted by NC State
University in collaboration with the NC Wildlife Resources Commission and the NC Museum of
Natural Sciences.
If you have any additional questions or would like to learn more about our study, please contact
Dr. Lincoln Larson, Assistant Professor in the College of Natural Resources at NC State, by
telephone (919-515-3687) or email (LRLarson@ncsu.edu).
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