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ABSTRACT

SOCIAL-PSYCHOLOGICAL FACTORS INFLUENCING COMMUNITY ENGAGEMENT

IN URBAN BIODIVERSITY CONSERVATION

As the human population grows and we continue to see rapid biodiversity loss, conserving
natural resources in urbanized areas has become increasingly important. Motivating people to
engage in pro-environmental behavior is one of the many strategies to address biodiversity loss.
Strategic human action can help shape social norms and generate social movements that
influence the social systems that intensify environmental degradation. This dissertation builds on
the existing pro-environmental behavior literature and explores the motivators and barriers to
different types of urban biodiversity conservation actions. These include personal-sphere
behavior (i.e., participating in an action by oneself), social diffusion behavior (i.e., actions that
disseminate information or behavior via social networks), and civic action behavior (i.e.,
citizenship actions to address a collective issue). In three articles, I use cross-sectional,
experimental, and audience segmentation methods to compare the drivers of distinct behaviors,
evaluate the impacts of theory-based outreach strategies, and identify target audiences for
biodiversity conservation behaviors related to native plant gardening in the United States.
Findings from this research can inform outreach strategies that promote greater community

engagement in urban biodiversity conservation to support native wildlife and human wellbeing.
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Dissertation Overview

Biodiversity conservation and provisioning of “green space” in urban environments is
increasingly a focus of conservation practitioners and researchers (Aronson et al., 2014; Ives et
al., 2016; Nilon et al., 2017). Green space can be defined as public or private land within cities
and peri-urban areas such as parks, individual yards, roadside verges, schoolgrounds, and more.
Green spaces in cities provide unique opportunities to improve both conservation outcomes and
human wellbeing (Aerts et al., 2018; Gardiner et al., 2013; Ives et al., 2016; Sandifer et al.,
2015). There are three key arguments for the need to enhance biodiversity conservation in urban
environments. The first is that urban areas play a key role in improving native species
biodiversity. Ives et al. (2016) found that cities have disproportionally higher rates of endangered
species than other areas, so management practices to conserve biodiversity are vital in these
settings. For example, creating large habitat patches within urbanized areas, along with corridors
that connect these patches, are key to supporting species richness (Beninde et al., 2015).

Additionally, urban conservation efforts are important for supporting ecosystem services
and human wellbeing in cities. While many urban regions have gone through tremendous habitat
destruction and change, urbanized areas still provide many ecosystem services, or direct and
indirect benefits to humans (Millenium Ecosystem Assessment, 2005; Niemelé et al., 2010). For
example, urban ecosystems provide climate regulation, rainwater drainage, habitat provision, and
recreational value (Bolund & Hunhammar, 1999; de Groot et al., 2002; Niemela et al., 2010).
Urban green space is associated with more opportunities for physical activity, improved mental
health, and even reduced crime rates (Keniger et al., 2013; Van Den Berg & Custers, 2011;

Westphal, 2003). Increasingly, “green prescriptions,” or orders from physicians to spend time in



nature, are being provided as a treatment for physical and mental disorders (Van den Berg,
2017).

Finally, improving biodiversity in urban areas is critical to address environmental justice
issues posed by unequal access to green spaces and the impacts of climate change. Studies find
that marginalized communities do not receive the same benefits from urban green spaces that
wealthier, and whiter communities experience (Estabrooks et al., 2003; Taylor, 2011; Wen et al.,
2013). Redlining, a policy that refused to insure mortgages in poorer areas, explicitly segregated
neighborhoods by race. This policy has impacted the current ecological makeup of cities. For
example, historically redlined neighborhoods have significantly less tree canopy than
neighborhoods that were graded as “most desirable” (Grove et al., 2018; Schell et al., 2020).
Furthermore, with increasing risk of extreme heat due to climate change, unequal patterns of
vegetation across cities can create “heat riskscapes” for vulnerable populations (Jenerette et al.,
2011). Increasing vegetation and biodiversity in cities can increase access to green space and
mitigate negative effects of climate change, though it must be done in a way that takes into
account the needs of the target communities to avoid negative consequences like green
gentrification (Wolch et al., 2014). Green gentrification happens when green infrastructure
projects increase property values and push out or displace the marginalized communities that the
projects were aiming to support (Anguelovski, 2016; Rigolon & Németh, 2020).

Given these key benefits, many non-profits, municipal governments, and conservation
agencies are starting to take actions to promote urban biodiversity conservation. These can
include strategies like public zoning to create protected area for wildlife, financial incentives to
promote private land management, and outreach campaigns to spread awareness and shape local

norms around biodiversity conservation. For example, the City of Fort Collins, Colorado created



a sub-department, called Nature in the City (NIC), that focuses on habitat for people, plants, and
wildlife throughout the city. For the past few years, in conjunction with the utilities department’s
Xeriscape Incentive Program (XIP), NIC provides homeowners additional financial resources to
plant native plants in their low water landscapes (City of Fort Collins, n.d.). Bird City Wisconsin,
an environmental conservation organization, certifies cities, towns, and communities that
demonstrate a commitment to bird conservation, which includes activities like native habitat
creation (Bird City Wisconsin, n.d.).

The actions of everyday residents are also needed to supplement public and nonprofit
efforts and/or promote greater biodiversity conservation in urban environments in the absence of
such programs and policies. Residential yards make up a significant portion of green space in
cities. In fact, residential lawns can be considered the largest irrigated crop in the United States,
taking up over 40 million acres of land (Milesi et al., 2005). Davies et al. (2009) argues that
residential yards, and individual residents, should not be left out of urban conservation
discussions. Motivating individuals to participate in pro-environmental behavior (PEB),
especially in a collective or cooperative setting, can promote greater positive impacts on
biodiversity loss (Amel et al. 2017). Overall, urban biodiversity actions at multiple levels are key
to supporting wildlife and human wellbeing in cities.

Increasingly, researchers and practitioners have begun examining how to motivate
resident action for urban biodiversity conservation (Alberti & Marzluff, 2004; Byrne & Grewal,
2008; Cook et al., 2012). This research has found that residents' decision-making and behaviors
are influenced by multi-level social factors and socio-ecological feedback loops. Urban and
residential landscapes are dynamic social-ecological systems made up of sociocultural and

ecological processes, inputs, and feedback loops. There are multiple levels of social factors that



affect a person’s management decisions on their property on the individual level (ex. attitudes,
and values), the neighborhood scale (ex. local social norms and homeowners’ association
regulations) and the larger regional scale (ex. governmental policies, marketing by large
corporations, and wider cultural systems). Social drivers of landscaping are influenced by both
ecological inputs and legacy effects, such as the previous owner’s landscaping decisions (Cook
et al., 2012). See Figure 1 for Cook et al. (2012)’s framework of social-ecological relationships

in residential landscapes.
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Figure 1. A conceptual framework of multi-scalar social-ecological interactions of residential
landscapes (Cook et al., 2012)

Social aspects of Cook et al. (2012)’s theoretical model have been highly studied,
including beliefs, attitudes, perceptions of norms, and decision-making surrounding individual

urban conservation behaviors. For example, studies have explored attitudes and perceptions of



native plants and native plant gardening (see Gillis & Swim, 2020; Kurz & Baudains, 2012;
Nassauer et al., 2009). These studies demonstrate that while attitudes towards native plants are
relatively positive, social norms can affect decision making processes in residential native plant
gardening. Strong social norms may even prevent native plant gardening actions, especially in
the front yard where norms are more prevalent. The effects of decision-making on ecological
outcomes have also been studied in the residential and urban context. Kinzig et al., (2005) found
that socio-economic factors influence decision-making and biodiversity outcomes in parks in
Phoenix, Arizona more than traditional drivers of biodiversity, such as human population
density. Structural inequalities, especially policies built on racism and white supremacy, also
contribute to management decisions that affect biodiversity in urban areas (Schell et al., 2020).
While this growing body of literature has examined the drivers and outcomes of people's
individual management actions on their property, fewer studies have examined residents'
collective actions related to urban biodiversity conservation. Collective actions refer to those in
which individuals work together, or collaborate, to achieve a shared goal (Wright, 2009).
Environmental collective action has been studied more broadly over the last 30 years (Gulliver et
al., 2022), but there remains an opportunity to understand the social-psychological variables that
influence individuals’ involvement in collective action to address biodiversity loss. Amel et al.
(2017) argues that collective actions are needed because they can more effectively influence
broader systems. While individual, personal-sphere actions have been popularized, collective
efforts can have a larger impact on infrastructure, and powerful systems that contribute greatly to
biodiversity loss and environmental degradation (Maniates, 2001). Larson et al. (2015) argues

that collective actions better influence decision-making, policy, and social norms so it is



important to study the motivators and barriers that influence social and civic actions beyond
individual or personal-sphere behavior.

There are different types of collective action that individuals can participate in. Social
diffusion behaviors (Jones & Niemiec, 2020; Rogers, 2003), or actions to spread behavior
through a social network, may be particularly important to motivate. Diffusion behaviors can
increase the impact that personal-sphere actions have on biodiversity conservation within cities
by recruiting more people into the collective movement (Amel et al., 2017). Participating in
social diffusion behavior creates an opportunity for individuals to move beyond the private
sphere and take action that will have a larger impact on complex issues like biodiversity loss
(See Figure 2: Amel et al., 2017). Individuals can also take civic action to influence urban
landscapes. Civic actions are behaviors that seek to address collective or community concerns
through activities like voting, volunteering, or signing a petition (Larsen et al., 2004). According
to Amel et al. (2017) civic actions may have an even greater impact on social systems than

diffusion behavior.
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Figure 2. Spheres of Human Influence (adapted from Amel et al., 2017)

Issues of justice, equity, diversity, and inclusion (JEDI) also play a role in residential and
urban social-ecological systems. Calls for JEDI in the environmental field seek to address
underrepresentation of Black, Indigenous and/or People of Color (BIPOC) individuals at
multiple levels (Bailey et al., 2020; Gould et al., 2018; Matulis & Moyer, 2017; Tallis &
Lubchenco, 2014; Tulloch, 2020). The conservation field has a history rooted in colonialism and
racist policies (Chaudhury & Colla, 2021; Rudd et al., 2021), and environmental organizations,
especially those focusing on conservation, have been primarily run by white men (Taylor, 2014).
According to the 2022 Green 2.0 transparency report, 34% of senior staff positions in large US
environmental NGOs are held by people who identify as BIPOC, and an earlier study found that

volunteers and members of environmental organizations are also primarily white (Green2.0,



2022; Taylor, 2014). In addition to environmental agencies, academic institutions play a role in
making the conservation field more inclusive (Chaudhury & Colla, 2021)

JEDI issues are prevalent in urban biodiversity conservation. For example, while there
are large benefits to urban green spaces, an often unintended consequence is “green
gentrification,” which refers to the increases in property values and displacement of marginalized
groups that result from public greening projects (Haase et al., 2017; Rigolon & Németh, 2020).
Encouraging broader, more diverse, engagement in urban conservation actions can lead to
improved socio-ecological outcomes in urban landscapes. Community participation in the urban
planning process not only reduces threats of gentrification, but also contributes to projects that
are more likely to reflect the needs and preferences of the people who benefit from them (Turo &
Gardiner, 2019). In addition, when people perceive landscapes as aesthetically pleasing, they are
more likely to appreciate and protect them (Gobster et al., 2007).

Furthermore, while native plant gardening (i.e., the case study used in this dissertation), is
a way to participate in urban biodiversity conservation, it is an inherently exclusive action to
participate in individually. Gardening requires land and time, resources that may be more
accessible to older, wealthier, and whiter audiences (Broady et al., 2022). Overall, this
dissertation studies native plant gardening behavior at three levels, personal sphere, social
diffusion, and civic action, in the United States. These three types of actions may have different
barriers for participation, and a wider range of potential actions may help encourage participation
from people with diverse backgrounds. Each chapter in this dissertation also addresses a gap in
the literature to inform a larger, more inclusive native plant gardening movement. In the first
chapter, I uncover potential motivators and barriers to participating in personal-sphere and social

diffusion actions for native plant gardening. In the second chapter, I test outreach strategies to



encourage the social diffusion of native plant gardening. In chapter three, I explore how we can
improve native plant gardening outreach, by developing messaging the targets the shared
perceptions of specific segments of the population.
Theoretical Approach

In this dissertation, my three chapters apply the concepts of norms and efficacy which are
central to many theoretical models of behavior and behavior change (i.e., Theory of Reasoned
Action (TRA; Fishbein & Ajzen, 1975), Theory of Planned Behavior (TPB; Ajzen, 1985), Social
Cognitive Theory (Bandura, 1986), The Focus Theory of Normative Conduct (Cialdini et al.,
1990), Norm Activation Model (NAM; Schwartz, 1977), and Integrated Model of Behavioral
Prediction (IMPB; Yzer, 2012)). Social norms are perceptions of what is considered acceptable
in a given social environment and inform expectations of “normal” behavior. Different types of
social norms have been studied, including descriptive norms (i.e., perceptions of how most
people behave), injunctive norms (i.e., perceptions of how one ought to behave; Cialdini et al.,
1990), and dynamic norms (i.e., perceptions of how other people’s behavior is changing over
time; Sparkman & Walton, 2017). Many studies applying behavior change models and
examining the influence of norms on behavior have found social norms to correlate with
behavioral intentions and measures of environmental behavior (see Culiberg & Elgaaied-
Gambier, 2016; Niemiec et al., 2020; Nolan et al., 2008; Sparkman & Walton, 2017 as
examples).

Because social norms have been found to predict behavioral intentions, for over 40 years
social scientists have leveraged perceptions of social norms in social influence interventions to
see if there is a causal relationship between social norms and pro-environmental behavior (PEB).

In a meta-analysis, Abrahamse and Steg (2013) found that social influence approaches (i.e.,



strategies to change behavior by influencing perceptions of what is considered “normal” or
acceptable in a social context) in PEB studies were more effective than control approaches, such
as providing information about the benefits of pro-environmental action. In a larger review,
Byerly et al. (2018) also found that contextual interventions, which included social influence
approaches, were more effective than traditional education-based techniques. Social influence
strategies have been studied in a variety of behaviors, especially recycling, energy consumption,
and water conservation (Ferraro & Price, 2013; Schultz et al., 2007). It appears that social
influence techniques work on a range of different types of behaviors but collective or social
PEBs (such as voting or encouraging others to act in a pro-environmental way) and biodiversity
conservation behaviors are less studied than the more popular household conservation behaviors
mentioned above (Farrow et al., 2017; Niemiec et al., 2020). This dissertation seeks to address
this gap by studying the influence of social norms on individual native plant gardening, the social
diffusion of native plant gardening actions through social networks, and civic action to increase
native plants (Jones & Niemiec, 2020).

Efficacy beliefs are another theorized driver of PEB. Self-efficacy refers to an
individual’s belief in their ability to achieve a goal or carry out an action (Bandura, 1977, 1997)
and response efficacy can be defined as the belief that a performed action will achieve its overall
goal (Roser-Renouf et al., 2014). A broad range of literature has correlated efficacy with
behavior following Bandura's Social Cognitive Theory and Self-Efficacy theories (Bandura,
1977, 1986; see Breland et al., 2020; Chen, 2015; Choi & Hart, 2021; Hamann & Reese, 2020 as
examples). Efficacy-based interventions have been particularly effective in health and
educational research (Alsaleh et al., 2016; Bandura & Schunk, 1981; Boyle et al., 2011; Huang et

al., 2020; Schunk, 2003; Seijts & Latham, 2001; Yehle & Plake, 2010). For example, self-
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efficacy building strategies have been shown to help students reach academic goals and increase
physical activity in patients with coronary heart disease (Alsaleh et al., 2016; Schunk, 2003)

Studies using efficacy-based interventions on PEBs have had mixed results. A series of
studies by Jugert et al. (2016) demonstrated that collective response efficacy interventions can
increase PEB intentions. Geiger et al. (2017) found that knowledge-based interventions, which
strengthen efficacy beliefs, were effective in promoting engagement in climate change
discussion. A recent field experiment tested the differences between normative messaging,
appeals to self-efficacy and response efficacy, and information-only messaging on native plant
gardening and outreach behaviors (Niemiec et al., 2021). They found preliminary evidence that
efficacy messages increased participants’ willingness to reach out to others about native plant
gardening for biodiversity conservation (Niemiec et al., 2021). Alternatively, Hamann and Reese
(2020) found that self-efficacy and collective efficacy manipulations did not have a significant
effect on PEB intentions.

Perceptions of social norms and efficacy may be particularly relevant for urban
biodiversity conservation. At the residential level, community and neighborhood norms can be
highly influential in observable landscaping decisions, such as converting front yard lawn to
native plants (Carrico et al., 2013; Larsen & Harlan, 2006). Residents who live in areas where
they perceive their neighbors would not support their actions to conserve biodiversity in their
yards, may not feel confident in their ability to encourage others to do the same. Furthermore,
norms and efficacy may impact audiences differently and there may be unique barriers and
motivators for different segments of the population. This dissertation, and Chapter 3 specifically,
aims to further understand how norms and efficacy influence different audiences in urban

biodiversity conservation actions.
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Summary of dissertation chapters and contributions

This dissertation seeks to understand drivers of different types of native plant gardening
behaviors and better understand how to engage a larger, more diverse audience in urban
biodiversity conservation efforts. Combined, the three chapters study three types of actions that
can be taken by individuals: personal-sphere, social diffusion, and civic action behavior. The
study in Chapter 1 uses a cross-sectional survey design to understand the difference in social-
psychological drivers between individual (i.e., personal-sphere) and diffusion native plant
gardening behaviors, and if behavioral intentions predict indicators of actual behavior. Chapter 1
addresses the intention-behavior gap in the behavioral science literature by measuring the
relationship between behavioral intentions and actual behavior, and variables that moderate this
relationship, for native plant gardening and native plant diffusion. This study also applies an
expanded Integrated Model of Behavioral Prediction (IMBP) to measure the influence of various
types of norms and efficacy beliefs on native plant behaviors.

While correlational studies are key to finding new relationships, experimental studies are
important to establish causal relationships between socio-psychological factors and behaviors.
The second chapter study uses an online workshop-based field experiment to test if different
types of outreach communication affect participants’ behavioral intentions, measures of behavior
and various social-psychological perceptions surrounding native plant gardening and native plant
diffusion. Chapter 2 examines whether a workshop with normative and efficacy-based micro-
interventions significantly changes perceptions or measures of real-world behavior compared to
a “control” information-only workshop.

Drawing from findings in the first two studies and addressing calls for increased diversity

in conservation, the third chapter uses audience segmentation research methods to further
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understand the segments of the Unites States population that exist within the native plant
gardening space and examine the motivations and barriers for participating in urban biodiversity
conservation actions within those groups. This study engages groups underrepresented in the first
two chapters and the urban conservation movement. These include younger adults (aged 18 to
39), those with a lower household income, BIPOC individuals, and people with less formal
education. Chapter 3 aims to generate a more representative sample of voices to inform tailored

outreach approaches for the urban biodiversity conservation movement.
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Chapter 1: Understanding Individual and Diffusion Behaviors Related to Native Plant
Gardening

Chapter Summary
While studies have examined factors influencing individual pro-environmental behavior, less
research has examined the drivers of “diffusion behaviors” that disseminate new information via
social networks. We conducted a survey of single-family households (n = 337) using an
expanded Integrated Model of Behavioral Prediction to investigate the social-psychological
drivers of individual and diffusion behavioral intentions for native plant gardening. We also
examined how intentions related to actual behavior and potential moderators of the intention-
behavior relationship. We found that while individual behavior-specific knowledge and attitude
predict both individual and diffusion intentions, behavior-specific personal norms and self-
efficacy predicted diffusion intention, and behavior-specific personal norm influenced individual
intention. Contrary to theory, diffusion intentions were influenced by a combination of behavior-
specific and non-specific predictors. These results suggest that to motivate diffusion intention,
outreach interventions may need to enhance diffusion-specific personal norm and self-efficacy
beliefs, rather than just individual behavioral perceptions. Intentions predicted indicators of
actual diffusion behavior, as measured through native plant voucher use by individuals and their
friends and family. However, these indicators of behavior were not predicted directly by social-
psychological variables. Diffusion-specific self-efficacy and subjective knowledge appear to

moderate the relationship between diffusion intentions and successful diffusion behavior.
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Research has examined how social-psychological factors, such as attitudes, beliefs, and
norms, drive individual pro-environmental behaviors such as household energy or water
conservation (Bamberg & Moser, 2007; Byerly et al., 2018; Farrow et al., 2017). However, less
is known about whether these same perceptual factors influence collective behaviors, such as
sharing information, organizing efforts, and applying social pressure, which have the potential to
enhance the scale and speed of environmental action (Amel et al., 2017). One understudied
collective behavior that might facilitate widespread environmental action is “diffusion” behavior.
Diffusion behaviors include sharing information with, reaching out to, and applying social
pressure in one’s social network to encourage a specific behavior (Jones & Niemiec, 2020;
Niemiec et al., 2021).

Diffusion Behavior

Distinct from more commonly studied collective action behaviors, such as protesting,
contacting politicians, and working together in a group for environmental outcomes (Fritsche et
al., 2018; Lubell et al., 2007; Steel, 1996; Stern, 2000; van Zomeren et al., 2008), diffusion
behaviors involve informal, persuasive, one-on-one engagement with others in one’s social
network (Jones & Niemiec, 2020). Diffusion behaviors range from more passive behaviors like
putting a sign in one’s yard to promote native plants, to more active behaviors like teaching
someone how to plant a native plant (Jones & Niemiec, 2023). Attempts to persuade others (see
Cialdini, 2001) as well as interpersonal discussion (see Frank et al., 2012) are examples of social
diffusion behavior.

Diffusion behaviors may be especially important for conservation because they can
facilitate the spread of information about pro-environmental behaviors (PEBs) to less-engaged

audiences (Ma et al., 2012; McKiernan, 2017; Rogers, 2003; Snyder & Broderick, 1992) and
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activate or reinforce norms encouraging PEBs. There is a growing body of literature on the
effectiveness of diffusion behaviors on environmental and social issues (Abrahamse & Steg,
2013; Burn, 1991; Carrico & Riemer, 2011; Geiger et al., 2017; Green & McClellan, 2020;
Groce et al., 2019). For example, Abrahamse and Steg (2013), conducted a meta-analysis of 29
papers using social influence approaches and found that the block leader approach (another term
for relational organizing) was the most effective at influencing conservation behavior. Relational
organizing, a type of diffusion behavior, involves mobilizing motivated individuals to encourage
people in their social network to behave in a certain way (Niemiec et al., 2021). More recently, a
get-out-the-vote field experiment found that municipal election turnout rates were significantly
higher (13.2 percentage points) in a group that was exposed to peer organizing strategies (i.e.,
relational organizing) than a control group (Green & McClellan, 2020).

People may be more willing to act on information they receive through diffusion because
they trust and listen to individuals perceived as similar to themselves (Burger et al., 2004;
Goldberg et al., 2019). Thus, social diffusion may be more influential for changing behavior in
addition to, or beyond, attitudes. Even without an existing norm for a behavior, diffusion
behavior can create the perception that a new behavior is gaining popularity and inspire more
rapid behavior change (Sparkman & Walton, 2017, 2019). Diffusion behaviors can also create
social pressure to behave in a certain way because the actions in one’s social circle encourage
behavior change to achieve conformity (McKiernan, 2017). While research has examined the
effectiveness of diffusion behaviors (Abrahamse & Steg, 2013; Geiger et al., 2017; Rogers,
1983), less is known about what motivates people to participate in such actions.

The few existing studies that have examined the drivers of participation in diffusion

behaviors have pointed to the role of social norms and efficacy (Geiger et al., 2017; Lubell et al.,
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2007; Niemiec et al., 2016, 2018; Swim et al., 2014; Swim & Fraser, 2014). For example, the
potential to receive social sanctions from neighbors (i.e., injunctive norms) influenced
participants’ diffusion behaviors for invasive species control (Niemiec et al., 2018). An
intervention that changed perceptions about how many others care about climate change (i.e.,
descriptive norms) increased willingness to engage in climate change discussions with others
(Geiger & Swim, 2016). Diffusion self-efficacy (i.e., the belief that one can effectively reach out
to others) and diffusion response efficacy are correlated with willingness to reach out to others
about environmental topics (Hamann & Reese, 2020; Lubell et al., 2007; Niemiec et al., 2016;
Swim et al., 2014; Swim & Fraser, 2014). An intervention that enhanced diffusion-specific self-
efficacy (i.e., providing information on what to say to others) was shown to increase subsequent
engagement in climate change discussions (Geiger et al., 2017). Based on this evidence, we posit
that diffusion-specific social norms (i.e., injunctive and descriptive norms) and efficacy will
influence diffusion behavioral intentions.

While this literature provides preliminary insight into the drivers of diffusion behavior,
few studies have directly compared the relative influence of norms, efficacy, and other social-
psychological perceptions on diffusion behavior (see Howell et al., 2015; Jones & Niemiec, 2020
as exceptions). Furthermore, little is known about the combination of individual and diffusion-
specific perceptions that drive individual versus diffusion behavior. It is possible that some
individual behavior-specific beliefs are critical for motivating diffusion; for example, people may
need a sufficient amount of knowledge and self-efficacy for engaging in the individual behavior
before reaching out to others (Jones & Niemiec, 2020) or may need to believe that enough others

care about the individual behavior (Geiger & Swim, 2016). Social norms may be particularly
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important for predicting diffusion behavior compared to individual behavior, because diffusion
involves engaging with others and is thus a more “public” behavior (Lapinski & Rimal, 2005).

There may also be diffusion-specific beliefs that are important. For example, Jones and
Niemiec (2020) found that people’s perceived ability to reach out to others effectively (i.e.,
diffusion-specific self-efficacy) and perceived ability to influence others and the environment by
reaching out to others (i.e., diffusion-specific response efficacy) impacted diffusion pro-
environmental behavior in urban ecosystems. These authors, however, focused on a highly
motivated, environmentally conscious sample, and did not examine the role of subjective
knowledge, attitude, personal norm, and behavioral intention. A greater understanding of the
diverse social-psychological factors influencing individual and diffusion behavior could inform
whether unique outreach interventions are needed to motivate diffusion behavior.
Integrative Model of Behavioral Prediction

To understand the drivers of individual and diffusion behavior, we expanded the
Integrative Model of Behavioral Prediction (IMBP), which focuses on social norms, attitudes,
and efficacy as predictors of behavioral intentions (See Figure 3; Fishbein & Yzer, 2003; Yzer,
2012). We based our theoretical model on the IMBP because it incorporates both social norms
and efficacy, constructs that have been found to influence both individual and diffusion PEB
(Fishbein & Yzer, 2003). Similar to the Theory of Reasoned Action (TRA; Ajzen & Fishbein,
1980), the IMBP has been applied in public health studies and a variety of behavioral studies
(Fishbein et al., 2003; Xu et al., 2020).

We expanded the IMPB by adding subjective knowledge and additional types of norms
and efficacy. In addition to injunctive norms (i.e., how other people think one ought to behave),

we added descriptive norms (i.e., observations of how others behave), dynamic norms (i.e.,
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observations of how others have behaved over time), and personal norms (i.e., one’s moral
obligation to perform a behavior). Personal norms derive from the Norm Activation Model
(NAM) which states that awareness of consequences (of performing or not performing the
behavior) and ascription of responsibility to perform that behavior influence personal norms,
which then influence PEB (Schwartz, 1977).

In a meta-analysis of studies measuring the influence of norms on conservation behavior,
Niemiec et al. (2020) identified the need for more studies to include measures of injunctive,
descriptive, and personal norms in behavioral intention models. Jones and Niemiec (2020) found
dynamic norms to be a fourth type of norm that predicts diffusion behavior. We also measured
diffusion-specific social response efficacy (i.e., the belief that one’s actions will influence other
people to behave in a certain way) and diffusion-specific environmental response efficacy (i.e.,
the belief that one’s actions will make a positive impact on the environment) in addition to self-
efficacy. We added these variables because they were significant predictors of individual and
diffusion PEB in prior studies (Jones & Niemiec, 2020; Niemiec et al., 2020; Sparkman &
Walton, 2017). We included individual behavior-specific and diffusion-specific measures of

attitudes, efficacy, and norms.
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Figure 3. Full Model (Extended IMBP + Demographics)

This study also sought to understand the influence of demographic versus social-
psychological variables from our expanded IMPB in predicting individual and diffusion
behaviors. Earlier analysis of PEB focused on demographics as predictors, finding that women,
highly educated people, and those living in urbanized areas had higher intentions to engage in
PEB (Brécard et al., 2009; Lopez-Mosquera et al., 2015; Saphores et al., 2012). While
understanding the impact of demographics facilitates the targeting of certain audiences in pro-
environmental outreach, research has repeatedly shown that social-psychological variables are
stronger predictors of behavior (Botetzagias et al., 2015; Graham-Rowe et al., 2015; Li et al.,
2019), so we included demographics here to test their relative predictive power against social-
psychological variables.

Intention-Behavior Gap
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In addition to examining unique drivers of individual and diffusion behavior, we also
explored the link between behavioral intentions and actual behavior. A recent systematic review
found that few correlational studies of pro-environmental behavior measured actual behavior;
most simply measured behavioral intentions (Niemiec et al., 2020). Nilsson et al., (2020) argues
that understanding attitudes has been the focus in conservation studies and that researchers need
to shift their attention toward measurable behaviors because behavioral data provides the
strongest evidence to guide conservation practices. When studies do measure behavior, often
only self-reported behavior is considered (Lange, 2018; Steg & Vlek, 2009). This may introduce
social desirability bias as participants respond in ways believed to be socially acceptable by
perhaps over-estimating their engagement in PEBs (Ferraro & Price, 2013; Milfont, 2009). Other
factors may also influence actual behavior beyond intention, in what is known as the “intention-
behavior gap” (Bamberg & Moser, 2007; Carrington et al., 2010; Whitburn et al., 2020).
Bamberg and Moser (2007), for example, found a pooled correlation of .52 between intention
and behavior. Whether the intention-behavior gap is smaller or larger for diffusion versus
individual behaviors remains unknown.

It is possible that certain variables moderate the relationship between intention and
behavior. Prior studies have suggested that people’s level of control or beliefs about their self-
efficacy to perform a behavior may influence both intention and behavior, and may also
moderate this relationship (Ajzen, 2002; Kan & Fabrigar, 2017). According to Sheeran (2001),
knowledge, may moderate the intention-behavior gap, because for someone to follow through on
their intention, they must have enough knowledge on the subject to do so. Furthermore, there
may be external factors that moderate the intention-behavior relationship (Hassan et al., 2016;

Kollmuss & Agyeman, 2002). For example, a person may intend to plant a native plant in their
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yard but are not able to realize this intention because, as a renter, their landlord does not allow it.
To further analyze the intention-behavior gap, we explored whether self-efficacy, subjective
knowledge, and homeownership moderate the relationship between intention and behavior.
Case Study: Native Plant Gardening

In this article, we examined the drivers of individual and diffusion behavior related to
native plant gardening. In response to rapid losses in biodiversity, conservation practitioners and
researchers have called for the creation of habitat in residential areas to support dwindling
species (Garbuzov & Ratnieks, 2014; Gill et al., 2016; Klein et al., 2007; Widows & Drake,
2014). One approach to enhance native species habitat in urban areas is to encourage private
landowners to plant native plants on their properties (i.e., "wildscaping"; Jones et al., 2021;
Lerman & Warren, 2011; Widows & Drake, 2014). Gardens with native plants provide critical
habitat for insects, amphibians and birds (Barnes et al., 2020; Goddard et al., 2010; Paker et al.,
2014). Yards with native plants also require less water than yards with turf lawns (Vickers,
2006), and can positively impact human wellbeing by increasing people’s wildlife encounters
and time spent in biodiverse green spaces (Aerts et al., 2018; Bell et al., 2018; Goddard et al.,
2013).

Despite the benefits of native plant gardening, lawns are still popular in U.S. residential
areas. American turfgrass lawns take up three times more land than corn, making it the largest
irrigated crop in the U.S. (Milesi et al., 2005). When making decisions about yards, people are
influenced by social factors ranging from the individual scale (e.g., attitudes, beliefs), to the
community (e.g., community associations) and institutional (e.g., rebates for replacing lawns)
scale (Cook et al., 2012). Literature finds native plants are becoming more popular and are

increasingly being perceived as aesthetically pleasing (Fischer et al., 2014; Hurd et al., 2006;
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Kurz & Baudains, 2012; Larsen & Harlan, 2006; Peterson et al., 2012). Gillis and Swim (2020)
explored U.S. resident’s attitudes and perceived social norms towards sustainable landscaping
and found both to be strong predictors of native plant gardening. Research has also found that
landscaping decisions in more public spaces (i.e. front yards) are driven by social norms while
decisions in the backyard are not (Carrico et al., 2013; Larsen & Harlan, 2006). Given the
importance of social influence on sustainable gardening decisions, diffusion behavior related to
native plant gardening has the potential to increase native biodiversity by building neighborhood
and community norms that favor native plant gardening.

In this article, we studied the drivers of individual and diffusion behaviors and the link
between behavioral intentions and indicators of actual behavior (i.e., tracking native plant
vouchers that individuals use themselves and give to others via diffusion) using data from a field
experiment (Niemiec et al., 2021). Through a mail-based survey and the tracking of voucher
usage, we examined three key questions:

1. Which individual and diffusion-specific social-psychological factors in the extended
IMBP and demographics model predict individual and diffusion behavioral intentions for
native plant gardening? (RQ1) Previous studies find that attitudes, social norms, personal
norms, self- and response efficacy predict individual intentions, but these relationships,
and the relative importance of individual and diffusion-specific perceptions, have not
been directly studied for diffusion intentions. We expect different social-psychological
factors will predict individual versus diffusion behavioral intentions.

2. To what extent do intentions predict indicators of actual individual and successful
diffusion behaviors? (RQ2) Addressing the intention-behavior gap, we seek to understand

the strength of the relationship between intention and behavior in individual and diffusion
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behavior-related settings. Based on previous studies, we expect there to be a moderate
relationship between intentions and behavior.

3. Does self-efficacy, subjective knowledge, or homeownership moderate the gap between
individual and diffusion intention and indicators of behavior? (RQ3) Drawing on
theorized moderators of behavior, we expect control factors, like self-efficacy and
subjective knowledge, and the external factor, homeownership, to moderate intention-
behavior relationships in the context of native plant gardening and diffusion.

Methods

Sample and Data Collection

We examined our research questions through a survey and native plant outreach initiative
in the suburban, greater Fort Collins area in northern Colorado (U.S.A). In April 2020, a cover
letter, survey, and stamped return envelope was sent to 2,000 randomly selected single-family
addresses within the city limits. We studied residents living in single-family homes because they
are more likely to have space to plant native plants on their properties. The cover letter informed
participants that we were interested in their beliefs about native plant gardening and included
informed consent language. The survey was conducted under Colorado State University IRB
#19-8879H. Participants were given the option to take the survey online via Qualtrics or send
back a physical survey with the stamped return envelope. Providing the option to take the survey
online or via mail is an increasingly popular survey technique to increase response rates
(Stedman et al., 2019). After two weeks, participants received a reminder postcard which
included the link to the online survey.

In total, 386 survey responses were returned (response rate = 19%). Seven incomplete

surveys and 33 late responses were discarded. 211 of these responses were by mail while 126 of
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the responses were completed online; mail respondents were slightly older, more female, and had
weaker personal norms towards native plant gardening. As part of a larger field experiment
(Niemiec et al., 2021), participants were exposed to differing messaging conditions one month
after the survey was sent out. The one-month delay was intended to measure the link between
perceptions and behavioral intentions without the influence of messaging; we discarded survey
responses that were received after participants were exposed to messaging. We also removed
participants that were missing four or more survey question responses (25% of predictor
variables, n = 9) to impute missing values more accurately. The final sample included 337
useable surveys. Participants were older, more likely to identify as non-Hispanic and female,
more highly educated, and more likely to own their home than the Fort Collins population (see
Supplemental Material for detailed description of sample demographics).
Survey Measures and Procedure

The model drew directly from Jones and Niemiec (2020), who examined social-
psychological factors influencing wildscaping behaviors in a highly motivated and
environmentally active sample of Fort Collins residents (see Supplemental Material for survey
questions). We adapted Jones and Niemiec’s (2020) measures of efficacy and norms and added
measures of subjective knowledge about native plant gardening, attitudes, and personal norms
towards individual and diffusion native plant gardening behaviors to test our expanded IMBP
(Figure 3; see Supplementary Materials for survey description). We measured previous behavior
by asking participants if they had ever planted a plant specifically for wildlife, planted a native
plant, and encouraged someone else to plant a native plant and they provided a yes or no
response. Subjective knowledge about native plant gardening was measured with a 5-point

unipolar scale from “extremely knowledgeable” to “not knowledgeable at all.” Subjective
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knowledge was the only predictor that did not include individual and diffusion-specific measures
(see Supplementary Material).

We measured attitudes towards native plant gardening (i.e., individual behavior) and
encouraging others to plant native plants (i.e., diffusion behavior). An attitude can be defined as
an individual’s degree of favorableness toward a specific behavior (Ajzen & Fishbein, 2000).
The attitude measures were adapted from Bright and Manfredo (1996). We also measured self-
efficacy, an individual’s belief in their ability to perform a task or achieve a goal (Bandura, 1977,
1997), and two types of response efficacy, the belief that an action will achieve the expected
outcome (Roser-Renouf et al., 2014). We divided response efficacy into environmental response
efficacy, the belief that actions will make a positive impact on the environment (also referred to
as “indirect goal collective efficacy; Hamann & Reese, 2020) and social response efficacy, the
belief that actions will influence other people to behave similarly (following Jones & Niemiec,
2020). We adapted self-efficacy, environmental response efficacy, and social response efficacy
measures from Jones and Niemiec (2020) who adapted them from Geiger et al. (2017) and
Lubell et al. (2007). Each type of efficacy included individual and diffusion behavior-specific
measures. For example, for individual behavior, environmental response efficacy was measured
with the statement, “Planting native plants on my property has a positive influence on native
pollinators, birds, and wildlife,” and for diffusion, it was measured with the statement,
“Convincing other people to plant native plants on their properties will make my own native
plants better for wildlife.”

We measured individual and diffusion-specific injunctive norms, or the belief that
significant others will approve or disapprove of a behavior (Matthies et al., 2012; Niemiec et al.,

2018), as well as individual and diffusion-specific descriptive norms (i.e., perceptions of other
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people’s behavior), adapted from Niemiec et al. (2019). We also measured dynamic norm items
(i.e., perceptions of whether the prevalence of a behavior is changing over time), for both
individual and diffusion behaviors, following Jones and Niemiec (2020) who adapted these items
from Sparkman and Walton (2017). Measures of individual and diffusion-specific personal
norms (i.e., a person’s perception of their moral obligation to do something) were drawn from
norm activation theory (Schwartz, 1977) with items adapted from Kim et al. (2012). Behavioral
intentions were measured with a scale ranging from “not likely at all” to “extremely likely” for
both the individual behavior of purchasing a native plant, and the diffusion behavior of
encouraging someone else to plant a native plant. We measured demographics to assess sample
representativeness of the Fort Collins population and to determine whether they influence
individual and diffusion behaviors, given that demographics tend to correlate with pro-
environmental behavior (Digby, 2013).
Measuring Indicators of Actual Behavior

We obtained indicators of actual behavior from a field experiment Niemiec et al., 2021).
Participants were split into four messaging conditions and mailed informational packets about
native plant gardening with vouchers to purchase native plants at local nurseries. Each
participant received one individual $10 voucher to buy a native plant for their property and three
$10 diffusion vouchers to share with friends, neighbors, or family. Diffusion vouchers measured
successful diffusion behavior (i.e., someone successfully encouraged someone else to purchase a
native plant using the voucher). Each voucher had a unique code, which enabled researchers to
partner with local plant nurseries to track voucher use by each participant and their survey
responses. The experimental study found few differences in either individual or diffusion

voucher use between the different experimental messaging groups. For the present article, we
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therefore did not separate voucher usage by message condition when examining voucher use by
the survey participants. We used binary metrics of individual and diffusion voucher use as
indicators for actual individual and diffusion behavior, respectively.
Data Analysis

To handle missing data, we conducted median and mode imputation using the
“imputeMissings” package in R before running LASSO regressions (Meire et al., 2016). We ran
a LASSO regression to select predictors to avoid overfitting our models, given we had a
relatively large number of predictors (22 total) and medium-sized sample (n = 337; McNeish,
2015; Ranstam & Cook, 2018). We used the “glmnet” package in R to run a LASSO (Least
Absolute Shrinkage and Selection Operator) regression and select predictors for both the
individual and diffusion intention models (Friedman et al., 2010). To select the lambda value for
our LASSO regression we performed a k-fold cross-validation, a widely used method to find the
optimal lambda value (Chetverikov et al., 2021). We ran OLS regressions with LASSO-selected
predictors to examine the variables that predict individual and diffusion behavior intentions
(RQI1). We also ran a complete-case analysis as a sensitivity analysis to validate the imputed
regression tables (i.e., determine consistency of regression outputs; see Supplementary Material).

We used the extended IMBP model (i.e., the diffusion-specific and individual-behavior-
specific social-psychological variables) plus demographic variables to predict individual and
diffusion intentions separately. We included the same variables in each model because we were
interested in what individual-specific and diffusion-specific variables differentially predicted
individual and diffusion intentions. Checks for multicollinearity indicated that the predictors for
each model were not highly correlated (» < .50). To determine the relationship between

behavioral intentions and indicators of actual behavior (RQ2), we conducted two binary logistic
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regressions; the first between individual intention and individual voucher use and the second
between diffusion intention and diffusion voucher use. We also ran two binary logistic
regressions with LASSO-selected predictors to measure the relationship between behavioral
predictors and indicators of behavior directly. In answering our third research question (RQ3)
and testing for potential moderators, we ran binary logistic regressions predicting voucher use
(binary 0/1) with an interaction between behavioral intention and the hypothesized moderator
variable for both individual and diffusion behavior. To check the power of our analyses, we ran
post-hoc power analyses for our moderation analyses and calculated minimum detectable effects
(MDE) for the coefficients in our LASSO-selected regressions (see Additional Methods in
Supplementary Material for further description).
Results

Individual Intention

The median response for intentions to purchase a native plant and encourage others to
plant native plants was “moderately likely.” LASSO-selected predictors from the extended IMBP
and demographics explained 36% of the variance for the individual intention model (Table 1). In
order of strength, positive associations with individual intention included homeownership (£ =
0.33 p = .02), individual personal norm (= 0.26, p < .001), individual attitude (f=0.17,p =
.02), and knowledge (£ = 0.17, p = .03). Diffusion descriptive norm (f=-0.17, p = .01) and age
(f=-0.01, p = .04) were negatively associated with intentions to garden with native plants. Four
other variables were associated with individual intention, but not significant at the .05 level:
individual self-efficacy (£ = 0.15, p = .06), individual descriptive norm (= 0.12, p =.07),

individual social response efficacy (f=0.11, p =.09), and diffusion injunctive norm (£ = 0.10, p
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=.10). The individual intention LASSO-selected model had minimum detectable effects (MDE)

between 0.17 and 0.50.

Our complete-case OLS sensitivity analysis revealed slightly different results from the imputed

analysis, though individual personal norm continued to be a strong predictor of individual

intention. Most of the LASSO-selected variables in the imputed model were also found in the

complete-case analysis. Individual descriptive norm appears to be a predictor of intention in the

complete-case model, and none of the other variables were statistically significant at p < .05 (see

Supplemental Material).

Table 1. LASSO Coefficients and OLS Regression for Individual Intention

LASSO OLS
S SE p 95% CI
Knowledge 0.17 0.17 0.08 .03 0.01 0.32
Ind. Self-Efficacy 0.08 0.15 0.08 .06 -0.01 0.30
Diff. Self-Efficacy 0.05 0.09 0.07 .20 -0.05 0.23
Ind. Env. Response Efficacy  0.07 0.06 0.07 .37 -0.07 0.19
Diff. Env. Response Efficacy 0.05 0.05 0.06 .40 -0.07 0.18
Ind. Social Response Efficacy 0.08 0.11 0.06 .09 -0.02 0.24
Ind. Descriptive Norm 0.06 0.12 0.07 .07 -0.01 0.25
Diff. Descriptive Norm -0.09 -0.17 0.06 .01 -0.30 -0.05
Ind. Dynamic Norm 0.02 0.03 0.06 .66 -0.10 0.15
Diff. Injunctive Norm 0.06 0.10 0.06 .10 -0.02 0.22
Ind. Personal Norm 0.17 026 0.07 <.001 -0.12 -0.40
Ind. Attitude 0.16 0.17 0.07 .02 0.03 0.32
Own Home 0.22 033 0.14 .02 0.05 0.60
Male -0.11 -0.17 0.12 .15 -0.41 0.06
Age -0.01 -0.12  0.06 .04 -0.24 0.01
Hispanic/Latinx -0.02 -0.14 0.18 .44 -0.49 0.21
Adjusted R? 36

Note. Ind. = individual, Diff. = diffusion, Env. = environmental, = standardized coefficient;

SE = standard error; CI = confidence interval.
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Diffusion Intention

The diffusion intention model (LASSO-selected predictors from extended IMBP and
demographics) had a strong goodness-of-fit for behavioral studies (adjusted R?= .64, see Table
2). The strongest predictors of diffusion intention were diffusion attitude (= 0.30, p <.001),
individual attitude (= 0.25, p <.001), and diffusion personal norm (£ = 0.24, p <.001),
followed by knowledge (#=0.21, p <.001) and diffusion self-efficacy (= 0.13, p =.01). The
diffusion complete-case LASSO sensitivity analysis selected ethnicity and gender and did not
select individual personal norm. The complete-case sensitivity analysis resulted in the same
predictors for diffusion intention as the imputed model but also included ethnicity (f=-0.41, p =
.01) as a significant predictor at the .05 alpha level (see Supplemental Material), though ethnicity
had the highest percentage of missingness in our sample (10%). The diffusion intention LASSO-
selected regression had MDEs ranging from 0.11 to 0.17.

Table 2. LASSO Coefficients and OLS Regression for Diffusion Intention

LASSO OLS

s SE  p 95% CI
Knowledge 020 021 0.05 <.001 0.12 03I
Diff. Self-Efficacy 0.05 0.3 005 .01 003 022

Ind. Env. Response Efficacy 0.01 0.05 0.05 .38 -0.05 0.14
Diff. Env. Response Efficacy  0.03 0.07 0.05 .16 -0.03 0.16
Ind. Social Response Efficacy 0.04 0.07 0.05 .12 -0.02 0.17
Diff. Social Response Efficacy 0.04 0.06 0.05 .24 -0.04 0.16

Diff. Dynamic Norm 0.00 0.04 0.04 .33 -0.04 0.13

Ind. Personal Norm 0.01 0.01 0.06 .88 -0.11 0.13

Diff. Personal Norm 0.17 024 0.06 <.001 0.12 0.37

Ind. Attitude 0.23 0.25 0.05 <.001 0.15 0.36

Diff. Attitude 0.24 0.30 0.06 <.001 0.19 0.41
Adjusted R? .64

Note. Ind. = individual, Diff. = diffusion, Env. = environmental, = standardized coefficient;
SE = standard error; CI = confidence interval.

Linking Intentions and Predictors to Indicators of Behavior
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Of the 337 survey respondents, 40 used an individual voucher to buy a native plant for
themselves. There were 28 diffusion vouchers redeemed at participating nurseries. Individual
intention significantly predicted use of an individual voucher (Odds Ratio = 1.55, CI =1.16,
2.12, f=0.44, SE = 0.15, p = .004) and diffusion intention significantly predicted diffusion
voucher use (Odds Ratio = 1.56, CI=1.14, 2.17, = 0.44, SE = 0.16, p = .007). For each
increase in level of individual behavioral intention (ex. from “moderately likely” to “very likely),
participants were 55% more likely to redeem an individual coupon. For each increase in level of
diffusion behavioral intention, diffusion coupons were 56% more likely to be redeemed.

Despite the significant correlation between intentions and indicators of behavior, many
people with strong intentions did not use vouchers. Of the 69 participants who said they were
“very likely” to buy a native plant, only 15 (22%) redeemed a voucher for themselves. While 35
participants claimed they were “very likely” to share a diffusion voucher, only 8 (23%) of these
vouchers were redeemed, though it is possible that more vouchers were shared than were
redeemed by recipients (see Supplemental Material). Our logistic regressions with LASSO-
selected variables predicting indicators of behavior found that only education predicted
individual voucher use (£ = 0.43, SE = 0.20, p = .03) and only age predicted diffusion voucher
use (£ =0.03, SE=0.01, p =.05). MDEs for the individual behavior LASSO-selected binary
logistic regression fell between 0.56 and 1.15 and the diffusion behavior LASSO-selected binary
logistic regression had MDEs ranging from 0.42 to 1.51.

Moderation Analyses
The moderation analyses revealed that there were no significant interaction effects
between hypothesized moderators and individual intention on behavior (i.e., individual coupon

use; see Table S6 in Supplemental Material). However, the relationship between diffusion
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intention and diffusion coupon use was moderated by diffusion-specific self-efficacy (f=0.42, p
=.02) and subjective knowledge about native plants (£ = 0.44, p = .03). Our post-hoc power
analyses for the moderation analyses revealed that we had enough power (1-f > .80) for all the
interaction effects except one. When measuring individual self-efficacy as a moderator of the
relationship between individual intention and behavior we could detect an interaction effect of
0.13 with 73% power given the observed main effects of the interacting variables.

To enhance interpretability, we split the sample into participants with high levels of
diffusion-specific self-efficacy (i.e., those who agreed or strongly agreed that they would be able
to have a good discussion about native plant gardening with their community members; n = 81)
and those with low levels (i.e., those who disagreed or strongly disagreed to the previous
statement; n = 143). Diffusion intention only significantly predicted successful diffusion (i.e.,
diffusion voucher use) for the high self-efficacy group (Odds Ratio = 4.04, CI=1.57, 14.76, f =
1.40, SE = 0.56, p = .01). Similarly, when splitting the sample by high subjective knowledge
(i.e., those who claimed to be moderately, very, or extremely knowledgeable; n = 103) and low
knowledge (i.e., those who said they were only slightly knowledgeable or not knowledgeable at
all; n = 85), only the high knowledge group had diffusion intention as a significant predictor of
diffusion voucher use (Odds Ratio = 3.42, C1=1.48,9.72, f =1.23, SE=0.47, p = .01). While
homeownership predicts individual intention, it does not appear to moderate the relationship
between intention and voucher use for either type of behavior.

Discussion
Motivating diffusion pro-environmental behaviors (PEBs) has the potential to enhance
the speed and scale of conservation action adoption. Few studies, however, have examined the

different drivers of diffusion behavior compared to individual behavior. We examined whether
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demographics and social-psychological variables from an expanded version of the IMPB
predicted individual and diffusion native plant gardening intentions. We also used indicators of
actual behavior from a field experiment to examine the link between intentions and behavior. We
found that some individual-level perceptions (i.e., subjective knowledge and attitude toward
native plant gardening) predicted both individual and diffusion intentions. However, other
predictors were specific to the type of behavior; in particular, diffusion intentions were predicted
by diffusion-specific self-efficacy and personal norm beliefs, while individual intentions were
predicted by individual-specific personal norm.

These findings suggest that individual behavior-specific perceptions alone are not
sufficient for understanding diffusion behavior; rather, diffusion-specific perceptions are
important to understand diffusion behaviors. For example, a person who feels confident in their
ability to plant native plants does not necessarily feel confident in their ability to encourage
others to do so. Unique outreach interventions may therefore be needed to target diffusion-
specific personal norms and self-efficacy to promote diffusion intention. Approaches to increase
levels of subjective knowledge about the topic may be helpful in motivating diffusion intentions
alongside diffusion-specific interventions. Further, our findings regarding the role of personal
norms and knowledge in predicting both types of behavior provide evidence for the need to
expand the Integrative Model of Behavioral Prediction (IMBP) by adding these variables.

The observed effects in our individual intention LASSO-selected model fell within the
effects found in a meta-analysis by Bamberg and Moser (2007). Analyzing studies that predicted
pro-environmental behavioral intention, the authors found the overall effects of personal norm (/5
=0.29), attitude (£ = 0.29), social norm (= 0.26), and perceived behavioral control (= 0.31; a

concept that grew out of Bandura’s work on self-efficacy; Ajzen, 2002). Our diffusion model’s
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range of MDEs were smaller than the observed effects of these same variables in the literature,
though it is important to note that this meta-analysis included studies on individual behavior
rather than diffusion behavior. The range in MDEs for our behavior models were above the
observed ranges (= 0.13-0.16) found in Bamberg and Mdser (2007) so it is likely we had
enough power to detect the expected effect sizes when predicting indicators of behavior.

Our findings partially confirmed the results of a recent meta-analysis that found personal
and descriptive norms to be stronger predictors of conservation behavior intentions than
subjective/injunctive norms (Niemiec et al., 2020). In the present study, personal norms
predicted both individual and diffusion intentions, but subjective/injunctive norms did not. We
found that individual-specific descriptive norm was a marginally significant predictor of
individual intention, and a significant predictor in the sensitivity analysis, but diffusion-specific
descriptive norm negatively predicted individual intentions to purchase a native plant. This
finding appears to be counter-normative because participants were more likely to purchase a
native plant if they thought other people were not encouraging others to plant native plants.

These findings partially contradict previous literature that has shown a strong positive
influence of descriptive norms on conservation behavior (Farrow et al., 2017; Jones & Niemiec,
2020; Kallgren et al., 2000). This result may have been a reflection of our highly engaged
audience, with the majority of participants having previous experience with wildlife friendly and
native plant gardening. It is possible that this highly motivated audience of people may be more
likely to notice that other people are not talking about it as they are more aware of the topic and
discussions around it. This trend in our sample may be due, in part, to an increased likelihood of
survey participation when the survey’s topic is of interest to the participant (Groves et al., 2004).

Future research is needed to establish whether this trend holds up in studies with less engaged
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audiences, and to understand the directionality of this finding (i.e., whether a reduced perception
of diffusion-specific descriptive norm results from high individual engagement or if this
perception motivates engagement in the individual behavior).

Diffusion-specific self-efficacy appears to be an important predictor of diffusion
intention. In other words, people who feel more confident in their ability to encourage others to
plant native plants are more likely to engage in this behavior. Outreach efforts trying to increase
diffusion actions may focus on building diffusion-specific self-efficacy by introducing strategies
like social modeling, or letting participants observe someone else doing the target behavior
(Geiger et al., 2017), providing people with mastery experiences, where they can practice the
target behavior (Bandura, 1977, 1997), having participants set proximal goals to reach the target
behavior (Bandura & Schunk, 1981), and providing specific information about how to carry out
the target behavior (Geiger et al., 2017). For example, if an organization was trying to promote
native plant diffusion behavior, they might host a workshop where participants learn easy-to-
follow steps of how to reach out to someone, watch someone else model successful native plant
diffusion, give them time to practice opening lines and discussions about native plant gardening
with someone else, and then set attainable goals to carry out the diffusion in their own lives.
Future research could examine the impact of these interventions to enhance diffusion-specific
self-efficacy (e.g., Niemiec et al., 2021).

Our results also contribute to theory about the behavioral specificity of social-
psychological variables. According to the prior theory on behavioral prediction, such as TRA
and TBP, predictors should be behavior-specific (i.e. predictor variables, such as attitudes,
should be measured in a way that most relates to the behavior being predicted (Ajzen &

Fishbein, 1980; Bamberg, 2003). In our study, this would mean that only individual-behavior
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specific social-psychological variables should predict individual behavior, while only diffusion-
specific social-psychological variables should predict diffusion behavior. However, we found
that while some social-psychological variables appear to be behavior-specific, other variables
predict both individual and diffusion behavior intentions. Specifically, we found attitude towards
an individual behavior and knowledge about an individual behavior predict both individual and
diffusion intentions. Personal norms and self-efficacy, on the other hand, appear to be behavior-
specific predictors; that is, individual-specific personal norms (not significant at p < .05, but in
the expected direction) and self-efficacy predicted individual intention, while diffusion-specific
personal norms and self-efficacy predicted diffusion intention. Our results thus challenge the
assumption that only behavior-specific predictors should be included in models of diffusion
behavior and suggest that future studies on diffusion behavior should expand on traditional
behavioral prediction models (TRA, TPB) by including both individual and diffusion-specific
predictors.

There were also few demographic variables selected in our LASSO regression in our
individual intention model and no demographics selected in our diffusion intention model. Our
results align with trends in pro-environmental research demonstrating that demographic factors
may not be as effective for predicting behavioral intentions as psychological variables (Li et al.,
2019). Future research could continue to focus on social-psychological variables in predicting
individual and diffusion behaviors related to native plant gardening, and outreach programs
could focus on targeting social-psychological perceptions rather than demographics.

We found significant relationships between intentions and indicators of behavior for both
individual and diffusion behaviors. Individual and diffusion intentions predicted behavior (£ =

0.44 for each) and beta coefficients were in line with the pooled correlation between intention
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and behavior found in Bamberg and Mdser’s meta-analysis of PEB studies (2007). Though
intentions predicted behavior, the majority of participants did not act on their intentions. Even
when participants indicated strong intentions to engage in individual and diffusion behavior, less
than a quarter of them redeemed vouchers or had their shared vouchers redeemed (see
Supplemental Material).

In line with the intention-behavior gap, our logistic regressions with LASSO-selected
variables predicting indicators of behavior found that none of the significant predictors of
intention, significantly predicted the respective behavior. Education level predicted individual
voucher use and age predicted diffusion voucher use. Only age predicted the indicator of
diffusion behavior even though no demographic variables were selected in the diffusion intention
model. That said, the coefficients in these models had relatively large standard errors and
confidence intervals, so there is uncertainty in our estimates. Furthermore, demographics cannot
be changed, and they are primarily useful for audience segmentation for outreach, so we caution
against using demographics as a proxy for more research-supported predictors, such as beliefs
and attitudes.

Even with moderate correlations between intention and behavior, our finding that social-
psychological variables predict intentions but not behavior suggests that there could be
contextual influences that affect the intention-behavior gap. For example, in the case of native
plant gardening, context may play a larger role in acting on diffusion intentions because older
individuals typically have more time and resources to focus on gardening behaviors. To
encourage behavior, rather than just intention, outreach organizations might focus on specific
contextual influences that hinder individuals from acting on their plans, such as specifically

removing barriers for younger folks who may lack time and resources.
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While social-psychological perceptions did not predict behavior, this could be, in part,
due to the imperfect measurement of the behavior indicator. The current study design limited our
ability to directly compare individual and diffusion behavior because the vouchers were an
indicator of successful diffusion rather than diffusion attempt (i.e., sharing a coupon). It is
possible that participants gave away vouchers, but their recipients did not choose to redeem
them, or that recipients planted native plants without using a voucher. Future studies could more
accurately compare these behaviors by measuring diffusion attempt directly. This could be done
through self-report measures, participant observation, or tracking participant diffusion attempts
through software that can send messages or coupons to select individuals.

According to our moderation analysis, diffusion self-efficacy and subjective knowledge
about native plants moderated the relationship between diffusion intention and the indicator of
diffusion behavior (i.e., diffusion coupon use). This finding reveals that participants with a
higher sense of self-efficacy, or belief that they can reach out to others about native plants, and
participants who feel they have more knowledge about native plants, were more likely to follow
through on their diffusion intention and influence someone else to use the coupon they shared.
Building on Geiger et al. (2017), diffusion-specific self-efficacy beliefs appear to be very
important for engaging in diffusion behavior because it is both a predictor of diffusion intention
and moderates the relationship between intention and behavior. Furthermore, this finding
supports initial evidence that efficacy-based messages increased willingness to engage in native
plant gardening diffusion behaviors (Niemiec et al., 2021). This provides further support for
outreach efforts to increase diffusion behaviors to focus on building diffusion-specific self-
efficacy, rather than building self-efficacy around the individual behavior they are trying to

diffuse through social networks. Future studies could also use qualitative methods or social-
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ecological systems approaches (see Jones et al., 2021; Lischka et al., 2018) to measure the
barriers that affect people’s actual individual and diffusion PEB.

It is important to consider that this sample was specifically designed to target Fort Collins
residents living in single-family homes, so results may differ in other cultural and geographic
contexts. Our results may be influenced by United States and Western cultural norms
surrounding landscaping and residential land management decisions such as social pressures to
maintain a well-manicured lawn (Larson et al., 2017; Robbins, 2007), as well as ideals of
individualism and concerns about privacy and private property in the United States. The dry
climate of Colorado, and drought conditions in surrounding states across the western US
(National Drought Mitigation Center et al., 2021), may also motivate people in Fort Collins,
Colorado to take more interest in native plant gardening for its water conservation benefits than
people in the Eastern United States or in regions where drought is not as relevant.

Our results might also vary across different contexts due to yard size. United States lot
sizes tend to be larger than in other countries (Hirt, 2015) so the property characteristics of our
sample may not represent those in different regions of the world. In general, lot size may affect
diffusion behaviors like planting native plants in the front yard and putting up informational
signs because too large or small of a yard can affect visibility of such actions and therefore have
less normative impact on other people. Furthermore, as lot size is correlated with socio-economic
status, race, and ethnicity in the United States, individual and diffusion native plant gardening
behaviors may be more attainable or socially acceptable in specific neighborhoods.

Future studies could explore whether these results differ in other regions, especially in
more collectivistic societies, where individualistic ideals tend to be weaker. In the United States,

due to deep-rooted individualistic values, personal norms and self-efficacy around diffusion may
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provide a larger barrier to diffusion behavior. For example, a recent meta-analysis found that
personal norms may more strongly influence behavioral intentions in individualistic countries
(Morren & Grinstein, 2021). Furthermore, there may be other barriers to native plant gardening
and diffusion in other regions that we did not measure in our survey.

Further research is needed on whether our results apply to different types of gardening.
For example, it is possible that different characteristics of native plant gardening are more salient
than characteristics of vegetable gardening. Self-efficacy may be more important for predicting
native plant gardening behaviors than vegetable gardening because vegetable gardening is more
common and socially accepted in the United States, so people may feel more confident in their
ability to access resources to plant vegetables. Vegetable gardening also does not have the same
ultimate goal of biodiversity or water conservation. People may be less focused on influencing
others to grow vegetables because vegetable gardening often has a more individual goal of
feeding the household, whereas native plant gardening tries to address a collective goal that
requires people to work together.

While we sent our survey out to a random sample of homeowners, respondents were
more highly educated and female than the general Fort Collins population. Our sample
distribution may be affected by a general trend identified in prior studies that women and more
highly-educated individuals are more likely to participate in pro-environmental behaviors and
thus may be more likely to take a survey about these behaviors (Digby, 2013). Additionally,
prior studies examining gardening behaviors often end up with samples biased towards female
participants (Clayton, 2007; Kiesling & Manning, 2010), and there is some evidence that women
are participating in sustainable gardening behaviors more than men (Zypchyn, 2012). A recent

survey found that while Vermont residents reported increased gardening activities during the first
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couple months of the COVID-19 pandemic, the odds of reporting gardening behaviors were
higher for female participants (Morse et al., 2020). There is also a possibility that our sample is
biased towards renters who have more control over their home, for example, those who are
allowed to make changes to outdoor spaces may be more likely to respond to a survey on native
plant gardening.

Conclusion

Being able to effectively influence adoption and dissemination of PEB is critical for
addressing large-scale and urgent environmental issues such as biodiversity loss (Amel et al.,
2017; Nilsson et al., 2020; White et al., 2019). Our study adds more evidence to the relatively
new body of research showing that a range of social-psychological variables predict individual
and diffusion intentions in the case of native plant gardening. Subjective knowledge about native
plant gardening and individual-specific attitude predicted both individual and diffusion
intentions. Behavior-specific self-efficacy and personal norm appear to be important predictors
of diffusion intention. Despite previous evidence, most of the social norms we measured did not
significantly predict native plant gardening or diffusion intentions. We also found that while
individual and diffusion behavioral intentions significantly predicted indicators of individual and
diffusion behaviors respectively, indicators of behavior were not predicted directly by the social-
psychological variables that predicted behavioral intentions, demonstrating evidence of the
intention-behavior gap. Additionally, diffusion self-efficacy and subjective knowledge moderate
the diffusion intention-behavior relationship. Our results highlight the utility of applying an
expanded IMBP to gain a more in depth understanding of diffusion behaviors. They suggest that
in addition to enhancing the public’s knowledge of and fostering positive attitudes towards

conservation behavior, targeting diffusion-specific personal norms and self-efficacy may be
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critical for practitioners promoting diffusion to achieve more widespread biodiversity

conservation and environmental stewardship.
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Chapter 2: Encouraging Social Diffusion of Pro-Environmental Behavior through Online
Workshop-based Interventions

Chapter Summary
Motivating people to take environmentally friendly action, especially collective actions

that promote greater social engagement, is important for addressing environmental issues like
biodiversity loss. We conducted an online workshop-based field experiment to target social-
psychological perceptions to motivate people to plant native plants and encourage others to do
the same. To shift these perceptions, we added microinterventions to half the workshops,
including normative messaging, public commitment-making, and providing feedback on the
impact of reaching out to others. We used a voucher system to track real-world behavior by
partnering with native plant nurseries. Compared to an information-only control workshop, our
intervention workshops initially increased certain social-psychological perceptions related to
encouraging others to plant native plants. However, they did not change behaviors, or many
perceptions, compared to control workshops. Additional exploratory analyses revealed differing
patterns of behavioral perceptions two months after the workshops. Further research is needed
that implements experimental methods and real-world measures of conservation behavior to

evaluate the impacts of theory-based outreach tactics on collective actions.
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Promoting voluntary, pro-environmental behavior (PEB) change is critical for reducing
environmental degradation and biodiversity loss (Byerly et al., 2018; Schultz, 2011). Most PEB
change studies have focused on understanding and motivating individual, personal-sphere
behaviors that can be done without interacting with other people (Farrow et al., 2017; Niemiec et
al., 2020). However, recent literature highlights the importance of collective actions that
facilitate changes in the broader networks, organizations, and societies in which people are
embedded (Amel et al., 2017; Milfont et al., 2020). Such actions can strengthen conservation
movements by facilitating the coordinated action necessary to address many environmental
problems (Niemiec et al., 2020).

As discussed in Champine et al. (2022) and Jones and Niemiec (2020), one type of
collective action that can facilitate more rapid social change for conservation causes is “diffusion
behavior,” or behavior that spreads information and applies social pressure through social
networks. Diffusion behaviors may range from more passive forms, such as putting up a yard
sign about a cause, to more active forms, such as sharing information and asking others to
engage in a behavior (see Berl et al., 2022; Geiger et al., 2017; Jones & Niemiec, 2020; Niemiec
et al., 2021; Niemiec et al., 2016; Sarrouf Willson et al., 2021; Segar et al., 2022 as examples).
The term “diffusion behavior” derives from the theory of social diffusion, which suggests that
people are more likely to change their behavior if influenced by a friend, family member, or
others in their social network (Rogers, 2003).

Studies suggest that motivating individuals to engage in diffusion behavior can be a
highly effective strategy for encouraging more widespread behavior change (Abrahamse & Steg,
2013; Burn, 1991; Hopper & Nielsen, 1991). As discussed in Niemiec et al. (2021) and

Champine et al. (2022), a meta-analysis by Abrahamse and Steg (2013) found that diffusion
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behavior (i.e., “the block leader approach”) was the most effective social influence technique at
promoting large-scale behavior change. Motivating diffusion behavior may be particularly
effective because it enables information to spread from an individual to others in their social
network who might not otherwise seek out this information, reaching a wider audience than
those who are already invested in the target PEB (Abrahamse & Steg, 2013; Burn, 1991; Mbaru
& Barnes, 2017; Niemiec et al., 2016). Further, diffusion behaviors may help create new norms
because as people are actively encouraged by friends to act in a certain way, they may begin to
see this behavior as normal (Sparkman & Walton, 2019).

While a large body of research has focused on the impact of social diffusion, few studies
have examined how to encourage people to engage in behaviors that facilitate this diffusion (see
Geiger et al., 2017; Niemiec et al., 2021; Berl et al. 2022 for counterexamples). Examining
barriers and motivations to diffusion behavior is particularly important because studies show that
people who are engaging in a PEB in their own life can be reluctant to reach out to others about
the behavior (Amel et al., 2017; Roser-Renouf et al., 2014). For example, Niemiec et al. (2019)
found that residents who remove invasive species in their own yard often do not encourage their
neighbors to do the same due to a fear of social sanctions. Furthermore, even with the importance
of diffusion behavior for climate issues and relevant concerns, less than half of Americans (39%)
regularly discuss global warming with others (Leiserowitz, et al., 2021a). This suggests that there
may be unique barriers influencing diffusion behavior compared to personal-sphere behaviors.

There is preliminary evidence that diffusion-specific efficacy and normative beliefs are
important for motivating diffusion behavior (Amel et al., 2017; Geiger & Swim, 2016; Jones &
Niemiec, 2020; Niemiec et al., 2016). Self-efficacy refers to an individual’s belief in their ability

to achieve a goal or behave in a certain way, while response efficacy is the belief that one’s
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actions will create the intended response for the overall goal (Bandura, 1977, 1997; Hamann &
Reese, 2020; Roser-Renouf et al., 2014). Educational interventions that described what to say to
others effectively promoted engagement in public discussion about climate change by boosting
participants’ perceptions of self-efficacy (Geiger et al., 2017). Niemiec et al. (2021) found in a
field experiment that efficacy messages were effective at motivating native plant diffusion
behavior among a sub-sample of participants who were concerned about being perceived as
competent. Choi and Hart (2021) also found that response efficacy (called personal outcome
expectancy) was positively associated with climate change policy support, and Feldman and Hart
(2016) found that efficacy messages increased climate change political participation because
they generated hope. Perceptions of self-efficacy and response efficacy may therefore play a key
role in encouraging diffusion behavior.

Social norms, the unwritten rules that determine what is considered acceptable in a social
group or culture, have been widely studied in the behavior-change literature with studies
demonstrating effective social norm interventions for behaviors like recycling, water
conservation, and more (Abrahamse & Steg, 2013; Cialdini et al., 1990; Goldstein et al., 2008;
Han & Hyun, 2018; Nolan et al., 2008). Injunctive norms are a person’s perceptions of how they
should behave and descriptive norms are perceptions of how other people are behaving (Cialdini
et al., 1990). Recent studies have found that social norms may be particularly important for
motivating more collective actions. For example, Howell et al. (2015) found a relationship
between normative social pressure and intentions to engage in outreach about aquatic invasive
species issues. Furthermore, Niemiec et al. (2019) found that interventions to enhance
perceptions of descriptive and injunctive norms, such as facilitating communication between

neighbors, collective goal setting, and public commitment-making increased neighbors’
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recruitment and coordination behavior. Given this initial evidence, descriptive and injunctive
norms may be particularly important for diffusion behavior.

When designing interventions to change behavior via enhanced perceptions of efficacy
and social norms, research suggests that face-to-face communication and hands-on activities are
most effective (Abrahamse & Steg, 2013; Bandura, 1977). Face-to-face interventions include
strategies like public commitment-making and social modeling where participants interact with
others instead of working individually. Hands-on activities, like creating mastery experiences,
allow participants to practice an action rather than listening to a description of it. Less is known
about the extent to which online interventions can effectively facilitate hands-on activities and
peer-to-peer communication to achieve PEB change. In an education setting, it has been found
that synchronous online learning environments (i.e., webinars or online workshops) increase
participant knowledge more effectively than in-person or asynchronous online learning
environments (Ebner & Gegenfurtner, 2019), though effects on behavior change remain unclear.
Here, we seek to build on this literature by examining the effectiveness of a face-to-face
normative and efficacy building intervention, delivered via online interactive workshops, at
encouraging diffusion behavior.

In the present study, we conducted a field experiment to compare a traditional
information-transfer online workshop with one that includes efficacy and norms-based
interventions designed to motivate social diffusion for, as well as personal engagement in,
conservation behavior. To build participants’ efficacy regarding diffusion and personal behavior,
intervention workshops applied research-based strategies, including social modeling (Bandura,
1971; Geiger et al., 2017), mastery experiences (Bandura, 1977, 1997), social persuasion

(Bandura, 1988), and proximal goal setting (Bandura & Schunk, 1981; Bandura & Simon, 1977).

48



We also provided feedback on the positive ecological and social impacts of personal and
diffusion behavior (Geiger et al., 2017). To build new social norms among a group of workshop
participants, and change perceptions of broader regional social norms around native plant
gardening and diffusion, intervention workshops shared information about regional and
workshop-level social norms (Kidd et al., 2019; Sparkman & Walton, 2017), prompted
participants to compare themselves to the group (Bartke et al., 2017; Festinger, 1954), had
participants make public commitments (Jaeger & Schultz, 2017), and explicitly addressed
participants’ reputational concerns (Jones & Niemiec, 2020). See Table 1 for definitions and
examples of interventions and see Supporting Information for full descriptions.

Our study is designed to address two critical gaps in the diffusion behavior existing
literature: first, it integrates face-to-face efficacy and normative building components to evaluate
beliefs that have been associated with diffusion behavior in correlational studies but have not
been tested experimentally. As such, we address a recent call for more experimental studies
testing theory-based interventions for behavior change for biodiversity conservation (Kidd et al.,
2019). This experimental trial also tests a theory-based intervention for behavior change using
real world measures. Self-report measures and behavioral intentions do not always correlate with
real world behavior (Bamberg & Mdser, 2007; Milfont, 2009), so this study explores the effects
of an intervention on indicators of actual behavior.

Second, while previous studies on diffusion behavior have typically tested interventions
designed to influence one or two perceptual variables at a time, our study tests whether a
combination of different normative and efficacy-building microinterventions influence a broad

range of diffusion-specific normative and efficacy beliefs, and whether these or other beliefs
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alter diffusion behavior and behavioral intentions. This enables us to contribute to a more
comprehensive understanding of the diverse perceptions that may influence diffusion behavior.
Case Study

We focus on the case study of diffusion behavior to promote native plant gardening. The
growth of cities and urban sprawl has led to the expansion of “novel ecosystems” where actions
like wildlife-friendly gardening are becoming available to a larger number of people (Klaus &
Kiehl, 2021). Native plant gardening, a component of wildlife-friendly gardening, can support
species biodiversity in urbanized spaces (Berthon et al., 2021; Burghardt et al., 2009; Fukase,
2016; Lerman & Warren, 2011). Many native insect species can only survive with plants that
they co-evolved with and native plants host more diverse larval populations for native bird diets,
so creating a network of habitat in urban areas can support native species survival (Burghardt et
al., 2009). Yards that have replaced turfgrass with native plants help to conserve water use and
tend to use fewer environmentally-harmful chemicals (Carrico et al., 2013; Milesi et al., 2005;
Robbins, 2007; Vickers, 2006). Furthermore, native plant gardening can promote time spent in
nature and increase wildlife encounters that are beneficial for physical and mental health (Aerts
et al., 2018; Bell et al., 2018; Goddard et al., 2013). By studying diffusion behavior for native
plant gardening we can deepen our understanding of how urban biodiversity conservation actions
can spread through social networks and contribute to cities as hotspots for biodiversity
stewardship and better human wellbeing (Mumaw & Raymond, 2021).
Hypotheses and Objectives

For our primary hypothesis, we posited that compared to the control, the treatment
workshop that includes efficacy and norm building interventions would increase diffusion

behavioral intentions in the days immediately after the workshop and two months later, and self-
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reported diffusion behavior two months after the workshop. In our secondary hypothesis, we
theorized that the efficacy and norms workshop intervention would enhance perceptions of
diffusion-specific self and response efficacy, and injunctive, descriptive, and dynamic norms,
compared to the control workshop. As an exploratory hypothesis, we posited that compared to
the control, the treatment workshop would increase real-life diffusion behavior indicators, as
measured by a voucher-sharing system. This hypothesis was considered exploratory because our
indicator of diffusion behavior measured successful diffusion (i.e., having someone else redeem
a participant’s voucher) rather than diffusion attempt (i.e., sharing the voucher).

In addition, we examined the research question: Compared to the control, to what extent
does the efficacy and norms intervention workshop increase personal-sphere behavioral intention
and self-reported personal-sphere behavior (i.e., native plant gardening behavior)? This question
built on previous studies that have used social influence and efficacy-based interventions to
motivate personal-sphere PEB (see Goldstein et al., 2008; Hamann & Reese, 2020; Niemiec et
al., 2019; Sparkman & Walton, 2017). Our hypotheses were pre-registered in an analysis plan
posted to Open Science Framework (OSF) prior to the experiment (https://osf.i0o/zgaqf/).

Methods
Participant Recruitment
This field experiment was incorporated into a native plant outreach program that
Colorado State University researchers launched in collaboration with Audubon Rockies. The
study was conducted under Colorado State University IRB #19—8879H. We administered our
experiment to 1,072 people in Colorado, U.S.A and surrounding states, via 12 online workshops.
This took place March-May 2021, and each workshop had a maximum of up to 200 spots. Based

on attendance rates from previous similar Audubon Rockies online workshops, we expected
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~50% of registrants would attend. In total, 1,918 people registered, and 1,072 attended (a 56%
attendance rate). Between 60 and 111 people attended each workshop with a total of 506
participants in control workshops and 566 in treatment workshops.

Audubon Rockies helped with workshop facilitation and marketing. To recruit
participants, we also distributed information through Colorado-based organizations promoting
native plant gardening and related groups on Facebook (e.g., Colorado Native Plant Gardening,
Colorado Organic Gardening, Colorado Field Ornithologists). As such, participants were likely
to be a “highly engaged” audience because they had demonstrated a previous interest in
gardening, native plant gardening, xeriscaping, urban pollinators, bird conservation, or other
related topics. We targeted a highly engaged audience because the aim of our study was to
encourage those engaging in personal-sphere behavior to also participate in diffusion behavior.
All workshops were advertised using the same language to ensure there was no bias in
participants’ selection of workshops (see Supplementary Materials for advertising flyer).
Measures

Participants were asked to complete a pre-survey and two post-surveys. Upon workshop
registration, participants took the first half of the pre-survey, answering questions about pre-
workshop behaviors, attitudes, behavioral intentions, and demographics. Participants filled out
the second half of the pre-survey as the first activity in the beginning of the workshop, which
included questions about personal-sphere and diffusion-specific efficacy and norms perceptions.
The pre-survey was split into two halves to minimize the time spent to register for the workshop,
thus removing a barrier to participate in the study. The first post-survey was sent out via email
one day after the workshop and the second post-survey was sent to participants via email two

months after the workshop. Post-surveys measured norm and efficacy perceptions specific to
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personal-sphere and diffusion behavior, attitudes, behavioral intentions in the same way as the
pre-survey, and the second post-survey measured self-reported personal-sphere and diffusion
behavior (see Supplemental Materials for a description of measured variables).

Survey Measures

Besides subjective knowledge about native plants, we included distinct personal-sphere
and diffusion-specific measures of each social-psychological variable. Personal sphere-specific
variables focused on the individual action of native plant gardening, or using a native plant
voucher for oneself, while diffusion-specific measures focused on the diffusion behavior of
encouraging others to plant native plants, or sharing a native plant voucher with someone else.
Behavior-specific intentions were measured with a 5-point scale asking participants their
likelihood of engaging in the target behavior in the next year and self-reported behavior was
measured by asking participants to share how many native plant vouchers they had used or
shared.

We measured three types of social norms: injunctive norms, descriptive norms, and
dynamic norms. Injunctive and descriptive norm measures were adapted from Niemiec et al.
(2019) and dynamic norms were adapted from Sparkman and Walton (2017). We also measured
self-efficacy and two types of response efficacy: social and environmental. Social response
efficacy is a person’s belief in their ability to make an intended social impact because of their
behavior, such as successfully influencing someone to behave a certain way or inspiring others
with one’s action (similar to indirect goal efficacy; Hamann & Reese, 2020; Jones & Niemiec,
2020) Environmental response efficacy is the belief in one’s ability to create the intended
environmental impact, such as increasing biodiversity (similar to direct goal efficacy; Hamann &

Reese, 2020). Efficacy measures followed Champine et al., (2022) and Jones and Niemiec
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(2020) who adapted them from Geiger et al. (2017) and Lubell et al. (2007). We adapted attitude
measures from Bright and Manfredo (1996) and personal norms measures from Kim et al.
(2012). Subjective knowledge about native plants was measured with a 5-point scale and
previous personal-sphere and diffusion behavior used binary (i.e., yes/no) responses.
Real-World Measures

After completing the post-survey, participants received one personal voucher code they
could redeem at a partnering nursery to receive $10 off a native plant purchase, and three
diffusion voucher codes to share with others to receive the same discount. Vouchers acted as an
incentive to participate in surveys and workshop activities, but also served as indicators of
personal-sphere and diffusion native plant gardening behaviors (i.e., secondary, exploratory
outcomes in our analysis). Upon completion of the second post-survey, participants who
completed the first post-survey received an additional $10 personal-sphere voucher. Those who
participated at this stage but had not completed the first post-survey received their original
personal-sphere and diffusion voucher codes. Vouchers were collected through our partnering
nurseries, High Country Gardens (an online nursery that shipped plants within the contiguous
United States) and High Plains Environmental Center (a nursery located in the “Front Range” of
Colorado that provided plant pickup at no added cost).
Study Outcomes

Our initial a priori power analyses accounted for approximately 250 participants across
five original workshops in each experimental condition and calculated power to detect a .35 scale
point difference in continuous primary outcomes between workshops (i.e., diffusion intentions
and self-reported behavior), assuming a standard deviation of 1 (which is the standard deviation

of these behaviors in prior surveys; Jones & Niemiec, 2020). Once we ran the study, our analyses
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were based on over 500 participants across six workshops in each experimental condition. While
our study design likely enabled sufficient power to detect small differences in continuous
outcomes such as behavioral intentions, we were underpowered to detect small differences in
binary outcomes such as voucher usage. A priori power analyses for binary secondary outcomes
(e.g., any diffusion voucher usage or not, any personal-sphere usage or not), revealed we could
detect a 10% difference in usage rate between conditions (e.g., assuming a 10% voucher usage
rate in the control, we could detect a 20% voucher usage rate in the intervention). Given this, our
real-world indicators of behavior served as secondary, exploratory outcomes in this study.
Workshop Design

The twelve workshops were randomly assigned to two different conditions: control
(information only) and intervention (efficacy and norms treatment). We matched workshops held
on weekday lunchtimes and on weekend mornings into pairs; within each match, we randomly
assigned the workshop to receive the control or intervention treatment. All workshops lasted 90
minutes and followed the same general outline: (1) welcome, introductions, study overview and
workshop roadmap, (2) information about native plant gardening (3) information about native
plant outreach, (4) breakout group discussions with focused prompts, and (5) wrapping up and
next steps. The control workshops focused on a greater variety of possible actions people can
take and gave greater detail about native plants, birds, and pollinators while the intervention
workshops incorporated theoretically derived activities and messages designed to boost
participants’ efficacy and norms perceptions. For more information about matching and
assignment of treatment and workshop design see Supporting Information. See Table 3 below for
a definition and examples of each microintervention and Supporting Information for full

descriptions of microinterventions in the intervention workshop.
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Table 3. Definitions and examples of theoretically derived microinterventions being integrated

into the intervention workshops

Construct Intervention Definition Example
Self-efficacy Social modeling Individuals Describe a case study of a particular Wildscape
(Geiger et al., demonstrating or Ambassador and how they encouraged others in
2017) verbalizing how a their community to plant native plants, as part of
behavior can be a bigger movement of many Wildscape
accomplished to Ambassadors engaging in this diffusion.
other similar
individuals.
Mastery Providing an Provide participants a chance to practice
experiences individual the encouraging others to plant with native plants in

(Bandura, 1977,
1997)

experience of
successfully
accomplishing a
behavior.

a small group of workshop participants.

Proximal goal
setting (Bandura
& Schunk, 1981)

Setting near-term
goals to make
behaviors seem
more manageable
and less
overwhelming.

Prompt participants to set near-term goals
surrounding native plant gardening and diffusion
behaviors.

Social persuasion
(Bandura, 1988)

Expressing
confidence in a
person’s ability to
engage in a behavior
successfully to build

Use efficacy-building language and activities
such as, “You already have a lot of the
experience to do this” and, “This workshop will
provide you all the additional training you need
to be confident in reaching out to more people

self-efficacy. about native plant gardening and adding more
native plants to your own yard.”
Knowledge-based | Sharing specific Share step-by-step instructions on how to talk to

interventions information about others about native plant gardening and share
(Geiger et al., exactly how to diffusion vouchers.
2017) accomplish target
behaviors.
Social response | Providing Providing feedback | Share stories of how others have succeeded in

efficacy

feedback on social
impacts (Witte &

about the positive
social impact of

motivating others to garden with native plants,
and how that in turn led to additional benefits to

Allen, 2000) target behaviors. wildlife in other yards. Use language such as,
“Simply by planting native plant gardens in your
front yard, you can get other people excited
about native plant gardening.”

Environmental | Providing Providing feedback | Share stories of the tangible impacts to wildlife

response feedback on about the positive from gardening efforts of past Habitat Hero

efficacy ecological impacts | environmental participants. Use language such as, “When you

(Geiger et al., impact of target encourage your friends and neighbors, you are

2017) behaviors. multiplying the benefit to birds, pollinators, and
wildlife in your neighborhood.”

Dynamic norms | Normative Sharing statistics Share regional-level norms gathered from
statistics and and statements studies (Jones & Niemiec, 2020; Niemiec et al.,
messaging (Kidd about the growing 2021; Champine et al., 2022), and local, group-
etal., 2019; number of people level norms gathered from workshop
Sparkman & participating in the participants directly in the pre-survey and in

Walton, 2017)

target behaviors.

live, interactive polls whose results were shared

56




back with the group. Augment these statistics
with messages such as, “You will be joining a
growing movement in Colorado and more
broadly of residents, businesses, and community
leaders who are helping others create more
native habitat in residential and urban areas.”

concerns (Jones &
Niemiec, 2020)

will be met with
approval rather than

Descriptive Normative Sharing statistics Share regional-level norms gathered from
norms statistics and and statements studies (Jones & Niemiec, 2020; Niemiec et al.,
messaging (Kidd about the popularity | 2021; Champine et al., 2022), and local, group-
etal., 2019; of the target level norms gathered from workshop
Sparkman & behaviors and how participants directly in the pre-survey and in
Walton, 2017) many others are live, interactive polls whose results were shared
participating. back with the group. Augment these statistics
with messages such as, “You are not alone —
there is a whole movement of people across
Colorado involved in native plant gardening.”
Public Sharing a pledge to | Prompt participants to share one of their
commitment- carry out an action proximal goals in the form of a public
making (Niemiec | in a public setting to | commitment in the group chat for the rest of the
etal., 2019) create social group to see.
pressure to follow
through on that
action.
Injunctive Addressing Assuring individuals | Directly address reputation concerns in
norms reputational that their behavior discussions by explaining that people are often

more enthusiastic to engage in these discussions
about native plant gardening than one might

disapproval. assume, as evidenced by the descriptive and
dynamic normative statistics described above.
Addressing Correcting the belief | Explain to participants what pluralistic
pluralistic that one’s private ignorance is and how it can lead people to “self-

ignorance (Geiger
& Swim, 2016)

attitudes and
judgements are
different from those
of others.

silence” even in situations when both they and
their audience share an interest or belief.

Facilitating group
communication
and expectation
setting (Niemiec et
al., 2019)

Creating a sense of
community within a
group by
establishing shared
interests and goals
and providing
opportunities to
socialize.

Facilitate group communication and expectation
setting to build participants’ sense that there is a
supportive community around them who will
help them continue to

gain necessary skills, and who will approve of
the shared goal of expanding native plant
gardening.

Analyses for Primary Outcomes

A pre-analysis plan for this study was pre-registered on OSF (https://osf.io/zgaqt/). To

assess the impact of the intervention on our primary outcomes, we ran adjusted and unadjusted

linear regressions with post-workshop diffusion intentions (measured in the days immediately
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after the workshop and two months after the workshop) and self-reported diffusion behavior
(measured two months after the workshop) as outcome variables. The intervention was entered in
as a binary 0/1 variable, with the control condition as the baseline. We removed rows that had
missing data for more than 15 measures, taking out participants who had not completed the
second half of the pre-workshop survey (n =478, i.e., 15 perceptual measures of norms and
efficacy or 22% missingness) leaving 594 useable responses (see Figure 4). Of the remaining
data there were only a few cases missing observations, so we used complete-case analysis to
remove fewer than ten observations per regression analysis.

To avoid overfitting the models, we checked to make sure we had at least 20 observations
per variable. We also pre-screened potential covariates with the washb package in R (Mertens &
Arnold, 2018) using a bivariate likelihood ratio test with the outcome. If the p-value was less
than 0.20, the covariate was included in the adjusted model. After pre-screening, adjusted
regressions included a combination of pre-workshop perceptual variables, previous behavior,
behavioral intention, and demographics, depending on the results of the likelihood ratio tests.
Unadjusted analyses used pre-workshop diffusion intention and the binary intervention variable
to predict post-workshop diffusion intention and self-reported behavior. See Supplemental
Materials (Table S1) for a list of outcomes measured and covariates. We also conducted
multiple-imputed ordinal logistic regressions as a sensitivity analysis, given that our primary
outcomes were measured as 5-point scales. Multiple imputation is a technique to handle missing
data that can preserve statistical power and maintain validity (McCleary, 2002). We used
multiple-imputed data for our sensitivity analysis to compare to our complete-case results
because we were unable to prescreen multiple-imputed data in the adjusted regressions.

Secondary and Exploratory Analyses
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We conducted secondary analyses of the impact of the intervention on perceptions of
social norms and efficacy, self-reported personal-sphere behavior, and intentions to engage in
personal-sphere behavior using the same procedures described above for the primary
outcomes. As an exploratory analysis, we examined the impact of the intervention on voucher
usage. To assess the impact of the interventions on participants’ personal-sphere and diffusion
voucher usage, we conducted two binary logistic regressions with the binary outcome variable of
voucher use versus no voucher use. For perceptual measures that were significantly predicted by
treatment group directly after the workshop, or increased significantly regardless of workshop,
we explored whether any changes remained two months after the workshop using mean
comparison.

We had originally planned to run a Poisson regression with the outcome variable of
number of diffusion vouchers used but few participants (z = 30) had more than one voucher used
that they had shared. We also originally intended to explore whether perceptions (i.e., various
norms and types of efficacy) mediated the relationship between workshop intervention and
behavioral intentions and self-reported behavior or if personal norms moderated workshop
effectiveness, but given that relationships between intervention and intentions and behavior were
not significant (see below), mediation or moderation was not possible. Data are also available on
OSF.

Results
Description of the Sample

Of the workshop registrants (n = 1,918) there were two groups: attendees, who

participated in the online workshop, and non-attendees, who signed up but did not participate.

We compared these two groups to explore bias in participants who were lost to follow up.
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Attendees (n = 1,072) were older, more likely to own a home, identify as non-Hispanic/Latinx
and female, and more likely to be more highly educated than non-attendees and Colorado
residents in general (U.S. Census Bureau, 2020; see Supplemental Materials for additional
findings from loss to follow up analysis). Demographics between attendees and participants who
completed both pre- and post-workshop surveys were not significantly different (see Figure 4 for

demographics of samples and loss to follow-up numbers).

1.918 Identify as Female 88% Previously attended previous Audubon Event 79%
f Non-Hispanic/Latinx 90% Previously planted a native plant 82%
Registered — ,
. Homeowner 89% Previously encouraged others to plant native plants  78%
Partlupants New to Property 15% Average Age 53

1.072 Identify as Female 90% Previously attended previous Audubon Event 75%
’ Non-Hispanic/Latinx 92% Previously planted a native plant 85%
Workshop ; .
Homeowner 91% Previously encouraged others to plant native plants  80%
Attendees New to Property 13% Average Age 55

594 Identify as Female 92% Previously attended previous Audubon Event 73%
Pre- and Non-Hispanic/Latinx 92% Previously planted a native plant 87%

Post-Su rvey Homeowner 91% Previously encouraged others to plant native plants 83%

Respondents New to Property 12% Average Age 54

Figure 4. Loss to Follow Up
Note. This figure demonstrates the demographic characteristics of registrants, attendees, and

survey respondents at each phase of the study.

Primary Outcomes

Overall, there were no significant differences in primary outcomes between the control
and treatment groups. Both unadjusted and adjusted regressions demonstrated that treatment
group was not a significant predictor of diffusion behavioral intention directly after the workshop

(B =0.03, SE = 0.07, p = .68, 95% CI [-0.11, 0.16]) or two months later (B = -0.01, SE 0.08, p =
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.92, 95% CI [-0.17, 0.15]; see Figure 5). Treatment group was also not a significant predictor of
self-reported voucher sharing two months after the workshop (B =-0.07, SE = 0.23, p =.74, 95%

CI [-0.52, 0.37], see Supplemental Materials for full adjusted regression tables).

Diffusion Intention Personal-sphere Intention
5.00- 5.00-
4.75- 4.75-
-le

= Group
@ 4.50 4.50- — Control
= =+ Treatment

4.25- 4.25-

4.00- 4.00-

Pre-Workshop Post-Workshop ~ Two Months After Pre-Workshop Post-Workshop ~ Two Months After

Figure 5. Means of Participants’ Diffusion and Personal-sphere Behavioral Intentions Over
Three Phases of the Study
Secondary Outcomes

Treatment group did not significantly predict personal-sphere behavioral intention (B = -
0.04, SE =0.04, p = .29, 95% CI [-0.11, 0.04], see Supporting Information for full adjusted
regression table). Among the perceptual secondary outcomes, treatment group significantly
affected initial diffusion-specific post-workshop descriptive norm (B = 0.21, SE = 0.10, p = .04,
95% CI1[0.01, 0.42]) and social response efficacy (B = 0.13, SE = 0.07, p =.04, 95% CI [0.01,
0.26]) when controlling for respective pre-workshop perceptions. Specifically, participants who
received the treatment group microinterventions were more likely than the control group to
believe that most people in their community encouraged others to plant native plants (i.e.,
descriptive norm), and that their native plant diffusion actions would inspire others (i.e., social

response efficacy).
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Our sensitivity analyses (multiple-imputed regressions that controlled for pre-workshop
perceptions), also revealed significant effects of treatment group for diffusion-specific
sanctioning injunctive norm (B = 0.23, p = .01), environmental response efficacy (B =0.13, p =
.06), and supportive injunctive norm (B = 0.14, p = .09), but these findings were not replicated in
the final models. Indicators of personal-sphere and diffusion real-world behavior (i.e., voucher
usage) were not predicted by treatment group (personal-sphere: B = -0.04, SE = 0.18, p = .83,
diffusion: B = 0.28, SE = 0.25, p = .26). Overall, 126 participants in the control group (25%) and
129 participants in the treatment group (23%) used an individual voucher. Additionally, 41
participants in the control group (8%) and 54 participants in the treatment group (10%) had at
least one voucher used by someone they had shared it with. No other hypothesized secondary
outcomes were significantly predicted by treatment group in adjusted analyses.

To examine our secondary hypotheses further, we explored the pattern of mean
differences in post-workshop perceptions about native plant gardening (personal-sphere
behavior) and native plant diffusion between the two workshop groups (Figure 6). While the
regressions did not indicate a statistically significant impact of the intervention on all the
different normative perceptions, there was a general trend of static normative perceptions among

those in the intervention being higher than those in the control post workshop (see Figure 6).
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Figure 6. Mean Differences Between Treatment (n =308) and Control (n = 286) Workshops
Immediately After the Experiment
Note. A positive mean difference represents stronger perceptions in the intervention and a
negative mean difference represents stronger perceptions in the control. Mean differences were
calculated from 7-point scales.
Discussion

Understanding strategies to motivate diffusion behavior can help increase the
effectiveness of environmental movements (Amel et al., 2017). We developed outreach
interventions to target social-psychological perceptions to motivate diffusion behavior and tested
these interventions through a field experiment. We found that when compared to an information-
only control, the added microinterventions did not influence participants’ intentions to engage in
diffusion behavior, self-reported diffusion behavior, or real-world indicators of diffusion

behavior. However, in line with our secondary hypothesis, we did find that microinterventions
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temporarily enhanced two social-psychological perceptions that have been associated with
diffusion behavior in prior studies: diffusion-specific descriptive norm and diffusion-specific
social response efficacy.

The treatment workshop increased perceptions of diffusion-specific descriptive norms
immediately afterwards compared to the control. However, this effect did not persist at two
months, we found that diffusion-specific descriptive norm perceptions were no longer
significantly higher. In fact, perceptions of descriptive norms for both experimental groups
decreased significantly after two months (see Supplemental Materials). This may be due to
cognitive biases in which our brains focus on new information and pay more attention to relevant
examples in our daily lives (i.e., recency and confirmation biases). Participants may have been
initially persuaded that many others were talking about native plant gardening, but as they paid
more attention to the topic after the workshop, these new norms were not reinforced. Participants
may have also had increased interactions with others about native plant gardening after the
workshop and these could have influenced perceptions of descriptive norms (Kashima et al.,
2013).

Perceptions of diffusion-specific social response efficacy increased immediately after the
intervention workshop compared to the control. In other words, treatment group participants
were more likely to believe that if they were to encourage someone, they would receive a
positive response from that person. At two months, treatment group social response efficacy
perceptions did not continue to increase but remained higher than control group perceptions.
Control group perceptions of diffusion-specific social response efficacy decreased after two

months while the treatment group remained relatively stable. It could be that participants in the
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control group did not have the same tools or information that the treatment group was given to
maintain their belief that their actions would have a positive social impact over time.

Normative messaging and public commitment-making were the two microinterventions
used to target descriptive norms, so our findings provide further evidence for the short-term
effectiveness of these social influence interventions. Abrahamse and Steg (2013) found that
public commitment-making was the second most effective intervention at encouraging behavior
change and found smaller effect sizes for normative messaging (i.e., social norm information and
feedback). More recently, a review on normative messaging interventions found that those
highlighting descriptive norms had consistent positive effects on behavior change (Farrow et al.,
2017). Our results suggest that these strategies may effectively influence short-term perceptions
of descriptive norms, which are correlated with behavior change.

Our microintervention to provide feedback on the social impact of diffusion behavior also
appeared to initially increase social response efficacy compared to the control. We provided this
feedback by telling participants that “people are twice as likely to retain scientific information
when it comes from friends, family, and others they know, and ten times more likely to change
their behavior” (Bollinger et al., 2020; Medley et al., 2009). This supports prior work on the
impact of efficacy-based messages about the positive consequences of behavior change on
individual and diffusion-related perceptions and behavior (Meijers et al., 2019, 2022). For
example, Geiger et al. (2017) found that interventions that focus on the effectiveness of
community-level action increased perceptions of both self-efficacy and response efficacy. To our
knowledge, only one other study (Berl et al., 2022) has provided feedback on the social impacts

of behavior to specifically target social response efficacy though they did not find it effective.
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Our findings suggest that providing this information may be an effective short-term intervention
strategy at increasing positive perceptions around diffusion behavior.

Our nonsignificant findings for treatment group on diffusion and personal-sphere
behavioral intentions could be due to a variety of factors. First, a ceiling effect may have
contributed to our null results of our primary outcomes. Norms and efficacy may be key barriers
to diffusion but it could be that participants already had high perceptions of norms and efficacy
before workshops so our interventions could not increase them further. Other than average
perceptions of descriptive norms (mean = 3.9 on a 7-point scale), participants had relatively high
positive pre-workshop perceptions of injunctive norms, dynamic norms, self-efficacy, and
response efficacy (means ranging from 4.5 to 6.0 on a 7-point scale). Furthermore, on average,
attendees had higher personal-sphere supportive injunctive norms (p = .03) and diffusion
sanctioning injunctive norms (p = .05) than non-attendees. If attendees’ perceptions of injunctive
norms were stronger than an already highly engaged subset of Colorado residents, it is possible
that our microinterventions could not increase perceptions of injunctive norms further.

A second explanation for our null findings related to our behavioral metrics is that our
control workshop already had a high level of effectiveness. The control workshop was designed
to align with previous Audubon Rockies workshops on native plant gardening and native plant
diffusion behaviors, and we found that norms and efficacy perceptions increased between pre
and post surveys in the control workshop as well as intervention workshop (see Figure S1). The
information-transfer model of the control workshop could have served as an effective
knowledge-based intervention to encourage diffusion behavioral intentions. Geiger et al. (2017)
found a knowledge-based intervention significantly increased efficacy beliefs, which influenced

climate change discussion. Preliminary results demonstrate that knowledge of planting native
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plants predicts intentions to encourage others to plant native plants (Champine et al., 2022).
Additionally, workshop characteristics could have created engaging learning environments in
both workshops. For example, sharing a favorite plant in the meeting chat may have created a
sufficient sense of community in the control workshop without additional treatment activities.
Learner-centered, collaborative learning environments have been shown to be effective strategies
for adult learning (Conole, 2014).

Alternately, it could be that norms and efficacy alone are not sufficient drivers of
diffusion behavior, and that other perceptual factors that were not addressed by workshops (or
that were addressed by both conditions) are more important for motivating diffusion behavior.
Variables, such as moral exporting (i.e., a person’s willingness to influence others to share their
own moral values; Maki & Raimi, 2017) or a social identity as an activist in general (Kurz et al.,
2020) may be more influential variables. Future studies to investigate social diffusion behavior
may create interventions to specifically highlight additional potential predictors of diffusion
behavior.

Lastly, workshops were facilitated in an online format due to social distancing measures
during the COVID-19 pandemic. While this format likely allowed us to reach a larger audience,
it is possible that our micro-interventions were less effective due to a lack of participant
engagement in the online environment. Both students and instructors during COVID-19 reported
an overall decrease in engagement in online versus in-person classes (Walker & Koralesky,
2021), and we noticed many attendees left the workshop when breakout activities began (the
face-to-face component). The research team also observed participants running into technical
difficulties, dealing with distractions outside of the webinar (e.g., work and childcare

responsibilities), and time restrictions (e.g., joining late or leaving early). Any of these factors
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could have created a less-than-ideal environment for learning and digesting the
microinterventions presented in the treatment workshop. Furthermore, the phenomenon of
“Zoom Fatigue,” or a feeling of exhaustion after videoconferencing, may have effected
participants’ energy levels during workshops (Fauville et al., 2021).

Important to the context of our study, topics, tone, word-choice, and speaker
characteristics can subconsciously convey appeals to specific norms in online workshop settings.
The presenters of the workshops were white-appearing, educated women talking to a majority
white educated woman-identifying audience. Even without overt social influence interventions,
many participants may have been influenced by subconscious appeals to social norms. Different
presenters might have led to differing results, and these kinds of field interventions should be
tested across a wide range of audiences to enable better generalizability.

Conclusion

Complex social-ecological issues, such as biodiversity loss, require human action,
especially diffusion actions which can help spread personal-sphere behaviors more efficiently
through a social network (Amel et al., 2017). Our study demonstrates that it is challenging to
change biodiversity-related behaviors in real-world settings, and our null findings reinforce the
importance of experimental evaluation of conservation communication (Kidd et al., 2019). It also
provides further evidence that normative messaging and public commitment-making are
effective short-term strategies for increasing perceptions of descriptive norms for diffusion
behavior. Additionally, providing feedback on the social impact of diffusion behavior may be an
effective short-term strategy to target diffusion-specific social response efficacy in motivated
individuals. Importantly, changing longer-term perceptions of norms and efficacy may require

additional or repeated interventions beyond a single online workshop. Testing microinterventions
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to change behavioral perceptions, and behaviors themselves, can inform the way outreach
organizations engage audiences and create more effective campaigns to combat issues like

climate change and biodiversity loss.
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Chapter 3: Examining Native Plant Gardening Behaviors in the United States: An Audience
Segmentation Study

Chapter Summary

Audience segmentation can be used to identify target audiences in environmental
outreach and communication, but few studies have used segmentation to study biodiversity
conservation behavior in the United States. This study used segmentation to better understand
perceptions and behaviors around different types of actions related to native plant gardening.
With a United States representative survey (n= 1,200), we measured social-psychological beliefs
and intentions to engage in personal-sphere, social diffusion, and civic action behavior. A latent
class analysis (LCA) revealed four distinct classes (i.e., groups) within the population:
Disengaged, Personal Sphere-Ready, Social Diffusion-Ready, and Civic Action-Ready. Each
class comprised approximately one-quarter of the United States population, and 74% of
participants appear receptive to engaging in a native plant gardening action. We found that
certain groups are more receptive to some types of behavior over others (i.e., personal-sphere
behavior, social diffusion behavior or civic behavior). Findings revealed opportunities to create
tailored outreach strategies, such as normative and efficacy-based interventions, to engage

different groups in urban biodiversity conservation behavior.
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A growing body of literature has found that people vary by their values, beliefs, and
perceptions when it comes to environmental issues. According to Moral Foundations Theory
(MFT), the variation in individuals’ morals (i.e., a type of value about what is right and wrong)
around environmental issues can be explained by five basic moral foundations: harm/care,
fairness/reciprocity, ingroup/loyalty, authority/respect, and purity/sanctity (Feinberg & Willer,
2013; Haidt & Graham, 2007; Haidt & Joseph, 2004). The America’s Wildlife Values project
found that United States residents vary in how they view wildlife based on their value
orientations of domination (i.e., the prioritization of human wellbeing and a utilitarian view of
wildlife) and mutualism (i.e., the prioritization of social inclusion and belief in rights for
wildlife; Teel & Manfredo, 2010). Normative perceptions about appropriate or common
environmental actions can also vary depending on various sociocultural factors such as
racial/ethnic group, socioeconomic status (i.e., education and income), and collectivism (i.e., the
extent to which a person prioritizes collective goals rather than personal goals; Pearson et al.,
2018; Sherman et al., 2022).

Audience segmentation is a technique used to group people based on their values, beliefs,
perceptions, behaviors, and demographics to inform the design of outreach campaigns.
Segmentation is a tool often used in the private sector to target specific groups within the market
and it has been used in the academic fields of public health and communication. For example, an
audience segmentation found that there were five groups that varied in their intentions to get a
COVID-19 vaccine in Australia: vaccine enthusiasts, supporters, socials, hesitant, and sceptics
(Thaker et al., 2023). Segmentation has also been used in the environmental field. The Global
Warming’s Six Americas project grouped people in the United States into six different segments

based on their perceptions around the issue of climate change: the alarmed, concerned, cautious,
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disengaged, doubtful, and dismissive groups (Leiserowitz et al., 2009, 2021a). Based on
America’s Wildlife Values, the population can also be classified into four different groups based
on their beliefs about how wildlife should be managed (i.e., traditionalist, mutualist, pluralist,
and distanced groups; Teel & Manfredo, 2010)

Audience segmentation can help design messages and outreach strategies for different
groups based on their unique values, motivations, barriers, and behaviors. Australians in the
“social” group of the COVID-19 vaccine segmentation had less favorable attitudes towards the
vaccine than the “supporters” or “enthusiasts” but were more likely to get a vaccine to protect
others than protect themselves. As such, an altruism-based message may be most effective to
motivate this group to get vaccinated (Thaker et al., 2023). The Global Warming’s Six Americas
framework helped design outreach strategies to target high involvement individuals (i.e., those in
the alarmed and concerned groups), low involvement individuals (i.e., the cautious and
disengaged groups), and those who hold negative beliefs (i.e., the doubtful and dismissive). For
example, according to the Elaboration Likelihood Model (Petty et al., 2009), the Six America’s
project suggests that outreach using complex messages with detailed information may be
effective in motivating pro-environmental action for high involvement audiences, but outreach to
low involvement groups should focus on more peripheral aspects of the messaging, such as the
trustworthiness of the source or the use of humor (Roser-Renouf et al., 2015).

Messages have also been crafted according to findings from the American Wildlife
Values project and Moral Foundations Theory to increase communication and behavior change
effectiveness (Bright et al., 2000; Crawford et al., 2015; Feinberg & Willer, 2013; Freeman et al.,
2021; Miller et al., 2018). Individuals in the “mutualist” group are most concerned with respect

and care for wildlife. Messages on signage and outreach materials that highlight those ideals may
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be most effective for audiences with mutualistic value orientations (Freeman et al., 2021; Miller
et al., 2018). Additionally, Feinberg and Willer (2013) found that reframing environmental issues
in terms of purity (i.e., one of the basic moral foundations) for people with more conservative
political ideologies in the United States can increase positive environmental attitudes, a strong
driver of environmental behavior.

Recent studies have used audience segmentation to study biodiversity conservation-
related issues and behaviors specifically. Biodiversity conservation actions refer to practices that
help maintain healthy ecosystems for non-human species. Amit and Jacobson (2017) grouped
ranchers in Costa Rica by their perceptions and preventive practices to around human-wildlife
conflict. In China, Tian et al. (2018) used segmentation to group landowners by their interest in
forest certification and found the segments differed in their familiarity with the behavior and
perceptions of potential benefits. Wells et al. (2022) segmented members and non-members of a
European wildlife trust into groups based on environmental identity and found differences
between the groups in personal-sphere behavior (i.e., “taking action in your own life to benefit
wildlife”) and social/civic behavior (e.g., “volunteering, signing a petition or attending a
demonstration related to an environmental cause”). In Australia, Selinske et al. (2023) grouped
Melbourne residents by demographics, behaviors, and their connection to nature to inform
conservation programming, and MacDonald et al. (2019) segmented the Australian public based
on their beliefs about conservation behavior.

An opportunity exists to identify the segments of the United States population most
willing to engage in specific biodiversity conservation actions. By designing audience
segmentation analysis not just around general environmental values, identity, or beliefs, but

rather around the actions that might most directly benefit biodiversity, we argue that audience
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segmentation can be made more useful for applied conservation campaigns. Studies examining
communication strategies to promote biodiversity conservation behavior have had mixed results.
This may be due to the use of a “one size fits all” approach rather than targeted messaging to
different subsets of the audience who have discrete beliefs about or past experiences with the
target behavior. For example, Berl et al. (2022) found that theory-based messages did not
influence people to share information about Colorado’s wolf reintroduction initiative.

Other experimental messaging studies find differing impacts between subsets in their
samples. In a study that framed biodiversity loss as a public health risk, Joshi (2022) suggested
that people with lower perceptions of self-efficacy and response efficacy (i.e., perceptions of
whether they can carry out an action and that it will have the intended impact) may not respond
as well to messaging that uses fear-based appeals compared to people with high perceptions of
efficacy. Niemiec et al. (2021) found that efficacy-based messages to encourage others to plant
with native plants were more effective for a subset of the sample that was highly engaged but
with low beliefs of perceived competence. In addition, with a sample of Colorado residents,
Niemiec et al., (2020) found preliminary evidence that a message highlighting a normative
conflict between the Colorado Parks and Wildlife Commission and the public decreased the
likelihood of voting for wolf reintroduction for participants with more positive attitudes towards
wolves, but increased the intentions to vote for participants with neutral attitudes towards
wolves.

To address this need for audience segmentation focused on biodiversity behavior, we
conducted an audience segmentation study of wildlife-friendly gardening in the United States.
Biodiversity conservation actions in individual gardens include minimizing pesticide use,

planting native plants, and creating landscapes that support native wildlife (Clayton, 2007). In
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this study we focus on behaviors related to native plant gardening (i.e., planting plants that are
ecologically adapted to a specific region; Richards et al., 1998). Gardening behaviors often
increase time spent in nature, which can build stronger positive attitudes towards the
environment, motivate pro-environmental behavior (PEB), and provide opportunities to improve
human health (Aerts et al., 2018; Bell et al., 2018; Haluza-Delay, 2001; Soga & Gaston, 2016).
More specifically, wildlife-friendly gardening positively effects the local environment and
provides benefits to humans, such as positive mental and physical health effects and increased
social interactions (Aerts et al., 2018; Bell et al., 2018; Clayton, 2007; Kaplan, 2001; Soga et al.,
2016; Stuart, 2005).

Wildlife-friendly gardening and landscaping appear to be gaining popularity in urban
green spaces. An annual gardening survey by the National Gardening Association in 2022 found
that 34% of U.S. adults purchase wildlife-friendly plants, and a quarter of Americans buy native
plants specifically. Popularity for native gardening appears to be growing as 17% of American
adults purchased native plants in 2020, compared to 13% in 2018 (Fallon, 2022; Whitinger &
Cohen, 2022). A goal in urban ecology is to create an “ecological aesthetic,” in which landscapes
are both pleasing for human inhabitants and ecologically beneficial for non-human inhabitants
(Gobster et al., 2007). A couple of studies have demonstrated that this ecological aesthetic is
emerging in some European cities as many residents approve of infrequently mown meadows, a
form of wildlife-friendly landscaping (Garbuzov et al., 2015; Southon et al., 2017). Furthermore,
native plant gardening is becoming more popular, especially in neighborhoods with strong native
plant gardening norms (Peterson et al., 2012).

Through our study, we expand on previous research by segmenting by behaviors not

previously included in segmentation analyses. We used audience segmentation to better
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understand if there are groups in the United States that vary in terms of their beliefs, perceptions,
and actions around three types of behavior: personal-sphere behavior, social diffusion, and civic
action related to native plant gardening. Our survey focused on planting a native plant around
one’s home (personal sphere), encouraging someone else to plant native plants (social diffusion),
and taking a civic action (ex. voting, signing a petition, volunteering) to increase the number of
native plants in one’s community. Specifically, our study examined the research question: How
can the United States population be segmented with regards to their beliefs, perceptions, and
behaviors related to native plant gardening?
Methods

Our online survey used the website, Prolific, to generate a United States-representative
sample (n =1,200). Prolific has been compared to similar platforms like MTurk and Crowdflower
and shown to deliver high quality data with a more diverse sample population for online
behavioral research (Palan & Schitter, 2018; Peer et al., 2022). Participants on the marketplace
are pre-screened and have access to a short survey description, pay rate, and the estimated time
for completion. For our study, Prolific used United States Census data to divide the sample into
proportional subgroups by age, sex, and ethnic/racial group (consisting of five subcategories:
Asian, Black, Mixed, Other and White; Office for National Statistics, 2015). We aimed to survey
more than 1,000 participants to follow the Six Americas study protocols, generate accurate
information criteria (IC) tests to identify our final model, and have sufficient statistical power to
detect differences, if any, between groups within our sample (Aflaki et al., 2022; Nylund et al.,
2007; Nylund-Gibson & Choi, 2018).

We piloted the survey with over 20 people who had varying levels of knowledge about

native plant gardening and experience with behavioral research. Representatives from nonprofit
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and governmental organizations working on urban biodiversity conservation initiatives,
including native plant gardening outreach programs, piloted the survey. Researchers,
undergraduates, and master’s students in the field of human dimensions provided feedback.
Additionally, several people with no background in social science or experience with native plant
gardening piloted the survey. We paid study participants an average rate of $17.95 per hour and
the survey took an average of 10 minutes to complete. The survey was conducted under
Colorado State University IRB #19-8879H.

Measures

In line with Aflaki et al. (2022), we predefined the indicators measured in the survey to
segment the sample into groups based on their beliefs, perceived motivators and barriers to
action, and behaviors related to the three types of native plant gardening actions: personal-
sphere, social diffusion, and civic action. We measured a variety of variables that could define
distinct classes in our analysis (see Table S1). Following behavior prediction models such as the
Theory of Planned Behavior (Ajzen, 1985) and the Integrative Model of Behavioral Prediction
(Yzer, 2012), we added measures of behavior-specific beliefs and perceptions such as attitude,
efficacy, and social norms (descriptive, injunctive, and dynamic).

We measured behavior-specific attitudes (i.e., a person’s disposition towards a behavior)
following Champine et al. (2022) who adapted them from Bright and Manfredo (1996). We
adapted measures of self-efficacy (i.e., a person’s belief in their ability to carry out an action;
Ajzen, 1985, 2002) from Jones and Niemiec (2020) and adapted the Six Americas study’s
measures of response and collective efficacy. Response efficacy is the belief that one’s actions
will have the intended impact (Witte & Allen, 2000) and collective efficacy is the belief in a

group’s ability to achieve a common goal (Bandura, 2000). For example, personal-sphere
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environmental response efficacy was measured with the following question: “If you planted
native plants around your home, how much would it help the environment?”” Similarly, collective
environmental response efficacy was measured by asking, “If most people in the US took civic
action to increase native plants, how much would it help the environment?”

We measured different types of social norms, including descriptive norms (i.e.,
perceptions of how others are behaving), injunctive norms (i.e., perceptions of whether important
others support a target behavior), and dynamic norms (i.e., perceptions of others’ behavior over
time; Cialdini et al., 1991; Sparkman & Walton, 2017). We adapted norms measures from Jones
and Niemiec (2020) and Champine et al. (2022). For example, to measure social diffusion-
specific descriptive norm we asked participants the extent to which they agreed with the
statement: “Most people in my community have encouraged others to plant native plants.” In
addition to social norms, we measured behavior-specific personal norms (i.e., a person’s moral
obligation to behave in a certain way; Schwartz, 1977). We also added a measure of
environmental moral exporting, or willingness to influence others to adapt one’s own
environmental values, as it has been linked to environmental peer persuasion, a type of social
diffusion behavior (adapted from Maki & Raimi, 2017).

The survey adapted several measures from the Six Americas project (Chryst et al., 2018;
Leiserowitz et al., 2009). We changed their measures of worry about and importance of climate
change to reflect issues related to native plant gardening including biodiversity loss, water
scarcity, and pesticide/chemical exposure. To measure worry and importance of related issues we
asked, “How worried are you about the following issues?”” and “How important are the following
issues to you?” We also asked participants about their perceptions of expected outcomes of urban

biodiversity actions, their civic engagement, subjective knowledge, and topic relevance, all
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adapted from the Six Americas’ study. We asked participants about expected positive and
negative outcomes of planting more native plants at the personal and population level. We
measured general civic engagement by asking participants to select the civic behaviors that they
had done in the past twelve months, such as voting or serving on a committee of a local
organization.

The final audience segmentation survey was informed by a smaller, in-person survey (n =
137) that aimed to generate data from a real-world context. Participants for this initial survey
were recruited in August 2022 at the Douglas County Fair in Castle Rock, Colorado, USA.
Members of the research team administered the survey with an iPad and either audio recorded or
inputted responses while participants followed along with a printed version of the survey. The
majority (87%; n = 119) of these participants agreed to being audio-recorded throughout the
entire survey and survey administrators prompted them to “think out loud” as they responded to
questions. Qualitative coding of survey transcripts and open-ended responses helped us identify
the motivators and barriers that influence beliefs and decision-making about our three behaviors
of interest: personal-sphere, social diffusion, and civic action. From these results we added
measures of extraversion (adapted from Woods & Hampson, 2005), environmental identity
(adapted from van Zomeren et al., 2008), and amount of space for native plants around the home.

In addition to behavioral perceptions, we measured three types of self-reported behavior:
previous behavior, habitual action, and behavioral intention. We measured previous behaviors as
binary (i.e., yes/no) variables, and habitual actions and behavioral intentions on five-point scales
(i.e., “never” to “very frequently” or “not likely at all” to “extremely likely”’). Behavioral
measures covered the three levels of behavior. For example, for civic action behavioral intention

we asked, “In the next year, how likely are you to take a civic action to increase the number of
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native plants in your community?”” See Table S1 in Supplemental Material for measures in the
segmentation survey.
Analysis

In line with the Six America’s audience segmentation studies, we conducted a latent class
analysis (LCA) to cluster participants into groups based on their beliefs, behaviors, and
behavioral perceptions. LCA is an exploratory method that divides a sample into subgroups
based on shared characteristics or scores measured in surveys or other types of assessments
(Weller et al., 2020). We chose to use an LCA over a cluster analysis because it is based on a
statistical model and can provide probabilities for specific cases (Aflaki et al., 2022). We
followed the step-by-step guide to LCA from Aflaki et al. (2022) to ensure our method was
sound. First, we checked for outliers in the data as LCA can be sensitive to extreme datapoints.
Next, even though indicators in a model can be both continuous and categorical, we collapsed
continuous indicators down to two or three, depending on the overall distribution, to make
interpretation easier by examining high/positive, low/negative, or moderate/neutral levels of
perceptions, beliefs, or behavior. There were 49 indicators without covariates entered into the
LCA.

We used the poLCA package in R to run the LCA, returning models with one through
eight classes (Linzer & Lewis, 2011, 2022). In choosing the best model, we calculated the
Bayesian Information Criterion (BIC), Sample Size-Adjusted Bayesian Information Criterion
(SABIC), Akaike Information Criterion (AIC), Consistent Akaike Information Criterion (cAIC),
and Entropy. We also created Scree-Plots (aka elbow-plots) to visualize where the model fits
changed. Considering the models with the lowest information criteria values, entropy values

closest to one, the visual changes on the elbow plot, and theory, we chose the model with four
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classes (i.e., four different segments or groups; see Table 5 for information criteria and
Supplemental Material for Scree-Plots).

We reviewed the estimated class probabilities to examine the pattern of responses of each
indicator item for each latent class (i.e., how did the different segments vary in their responses to
survey variables). These included all the social-psychological concepts measured in the survey
(e.g., attitudes, perceptions of social norms and efficacy, environmental identity, moral
exporting, past behaviors, etc.). We focused on indicator levels that had a high probability (>
70%) of membership for each group to create descriptions and compared findings to theoretical
frameworks. To better understand the demographic and geographic makeup of participants in
each of the four classes, we separated the sample by predicted class membership and conducted
descriptive statistics.

We also separated out key distinguishing characteristics (i.e., important indicator
variables) by examining the pattern of probabilities for each indicator level and each class. We
identified variables that had high consensus within each class (i.e., > 70% probability at a
specific indicator level) and had distinct variability in probabilities between the classes (i.e., at
least two groups had high consensus in different levels of the indicator). For example, a key
distinguishing characteristic might have one class that has a high probability of having a positive
perception towards a behavior and another class that has a high probability of having a neutral
perception toward that behavior. In other words, key distinguishing characteristics were
indicators in which two or more classes met the cut off for high probability, and at least two of
those estimated class probabilities fell in distinct levels for that indicator.

Results

Sample Description
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In this section we start with a description of how representative our sample was, we then
discuss the key variables that distinguished the groups that emerged in our analysis, and we
finish by discussing each group in more detail. We aimed to study a representative sample of
adult United States residents based on age, sex, and simplified racial/ethnic group (i.e., five
categories: Asian, Black, Mixed [two or more races], White, and other [some other race]) as
these are the variables that Prolific has available for sampling. Our sample was representative in
sex and ethnic group, and as expected, the sample was slightly older than the overall median U.S.
age (i.e., average age of the total US population, including people under 18). In addition, more
than half (60%) of respondents owned their home, 75% voted in an election in the last year, 82%
identified as heterosexual, and 47% identified as Christian. The sample likely overrepresented
voters (e.g., only 66% of voting-eligible people voted in the 2020 presidential election and 47%
voted in the 2022 general election; McDonald, 2023) and underrepresented people who identify
as Christian (e.g., adjusted estimates from a 2020 survey found that 65% of the US population
identifies as Christian; Pew Research Center, 2021). See Table 1 for a comparison of our sample
demographics to Census data. Slightly less than half (48%) of our respondents had previously
participated in native plant gardening themselves (personal-sphere action). Roughly a third had
participated in social diffusion (35%) and 14% participated in civic actions related to native plant

gardening.

82



Table 4. United States Census Comparison

Our Sample U.S. Census

Adult Median Age

% Male
% Asian
% Black

% Mixed Race
% Other Race

% White

% Homeowner
% Heterosexual

45
49
6
13
2
1
78
60
82

>38
50
6
14
3
1
76
65
88

We also analyzed the geographic distribution of survey participants based on ecoregions

(i.e., geographical areas with similar ecological conditions) because regional norms may affect

beliefs, perceptions, and actions related to native plant gardening. The ecoregions represented in

our total sample (n = 1,200) were as follows: Eastern Temperate Forests (n = 676; 56%), Great

Plains (n = 142; 12%), Mediterranean California (n = 101; 8%), Taiga (n = 83; 7%), North

American Deserts (n = 52; 4%), Temperate Sierras (n = 40, 3%), Northwestern Forested

Mountains (n = 40; 3%), Marine West Coast Forest (n = 38, 3%), Southern Semi-Arid Highlands

(n=20; 2%), Hawaii (n = 4; < 1%), and there were four participants with missing data for their

current ecoregion.

Classes

Table 5. LCA fit statistics for one- to eight-class solutions.

# of Lo
Classes likelihgoo d BIC SABIC AIC cAIC Entropy

1 -51051.02  102775.60 102473.84 102292 102870.60 -

2 -45461.47 92277.14 91670.45 91304.93 92468.14 0.949
3 -43682.52 89399.90 88488.28 87939.05 89686.90 0.934
4 -42763.99 88243.48 87026.93 86293.98 88626.48 0.924
5 -42218.05 87832.25 86311.11 85394.1 88311.60 0.925
6 -41767.07 87607.93 85780.72 84684.14 88182.15 0.926
7 -41364.48 87486.40 85371.11 84070.96 88173.46 0.897
8 -41030.02 87470.37 85051.93 83566.28 88255.22 0.906

Note. The final model (four-class) had low information criteria values and an entropy value close to one.
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BIC = Bayesian Information Criteria, SABIC = Sample Size-Adjusted Bayesian Information Criteria,
AIC = Akaike Information Criteria, cAIC = Consistent Akaike Information Criterion

Our analyses revealed four latent classes, or segments, within the population. As in other
audience segmentation studies, these groups vary in their beliefs, perceptions, and behaviors
related to native plant gardening (see Table 6). Based on the variables that defined them, and
theoretical drivers of behavior change, we named each class. Twenty-six percent of our sample
fell into the Disengaged group, 26% were in the Personal Sphere-Ready group, 23% fell into the
Social Diffusion-Ready group, and the remaining (25%) were placed into the Civic Action-
Ready group. Of the beliefs, perceptions, and behaviors measured, certain variables were most
likely to distinguish the classes from one another. These key distinguishing characteristics
included personal-sphere previous behavior, personal-sphere-specific behavioral intention, social
diffusion previous behavior, civic action-specific attitude, civic action-specific personal norm,
and civic action-specific dynamic norm. See Table 6 for an overview of the six key
distinguishing characteristics.

Table 6. Key distinguishing characteristics between the four latent classes

Disengaged Personal Social Civic Action-

Sphere-Ready  Diffusion-Ready Ready
PS Previous Behavior No* Yes No Yes*
PS-specific Behavioral Intention Low* Low Low High*
SD Previous Behavior No* No* No Yes*
CA-specific Attitude Neutral* Neutral Positive Positive*
CA-specific Personal Norm Low* Moderate* Moderate* Moderate
CA-specific Dynamic Norm Low* Moderate* Moderate Moderate*

Note. PS = Personal Sphere Behavior; SD = Social Diffusion Behavior, CA = Civic Action Behavior;
*estimated class probability > 70%

In addition to the key distinguishing characteristics, other indicators defined each of the
four classes because they had high consensus within the group. Table 7 provides the level of

each indicator that had a greater than 70% probability for each segment of the population. For
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example, people in the disengaged, personal sphere-ready, and social diffusion-ready groups

were all highly likely to have low levels of subjective knowledge about native plants. There were

also some indicators that did not vary much between groups, so we did not consider them

distinguishing or defining variables. These included habitual behaviors, expected number of

negative and positive outcomes of personal-sphere behavior and national-level efforts to plant

more native plants, civic behavior, and injunctive norms for all three behaviors (injunctive norms

were moderate to high for all four groups). We describe the distinguishing and defining variables

for each class in the following section.

Table 7. Overview of high (>70%) estimated indicator level probabilities for each segment

Disengag Personal Social Civic Action-
ed Sphere-Ready  Diffusion-Ready Ready
Subjective Native Plant Knowledge Low Low Low -
PS- specific Attitude - Positive Positive Positive
PS-specific Descriptive Norm - Moderate - -
PS-specific Dynamic Norm - Moderate - -
PS-specific Personal Norm Low Moderate Moderate -
SD-specific Attitude - - Positive Positive
SD Behavioral Intention Low Low - -
SD-specific Descriptive Norm - Moderate - -
SD-specific Dynamic Norm - Moderate - -
SD-specific Personal Norm - Moderate Moderate -
SD-specific Self-Efficacy - Moderate - -
CA Previous Behavior No No No -
CA Behavioral Intention Low Low Low -
CA-specific Descriptive Norm Low - - -
CA-specific Self-Efficacy - Moderate - -
Environmental Response Low ) ) i

Efficacy (all behaviors)

Collective Response Efficac . .

(all behaVIi)ors) g ) - High High
Issue Worry — Biodiversity Loss - - - High
Issue Worry — Water Scarcity - - High High
Issue Worry — Chemical Exposure - - High High
Issue Importance . .

(all related issues) i i High High
Moral Exporting - Moderate - -
Environmental Identity - Moderate Moderate -

Note. PS = Personal-Sphere Behavior; SD = Social Diffusion Behavior, CA = Civic Action Behavior,
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- = probability < 70%
Class 1: Disengaged

We refer to Class 1 as the “Disengaged” group because they were defined by generally
negative or weak (i.e., low) perceptions around native plant gardening behaviors (see Tables 6
and 7). There was a greater than 85% chance that participants in this group had little to no
intention of participating in any of the three behaviors in the near future. Twenty-two percent of
respondents classified as disengaged claimed they had planted a native plant before. Participants
in this group did not have a lot of knowledge about native plants (74% of respondents had little
to no subjective knowledge). There was only a 5% chance that participants in this group had
engaged in social diffusion and a 1% likelihood that they have participated in civic action for
native plant gardening. Participants in this group had a 4% chance of believing that personal-
sphere native plant gardening would have a positive impact on the environment (i.e., they did not
have strong environmental response efficacy), so they may not be inclined to engage in any
actions that increase native plants in their community. Furthermore, this group had a 2% chance
of believing that participating in civic actions to increase native plants was considered common
behavior in their community, and they did not feel morally obligated (less than 1% likelihood) to
participate in such behavior.

The Disengaged group had a median age of 47, the racial distribution of group members
was 82% White, 8% Black, 6% Asian, 2% Mixed Race, 2% Other Race, and 55% had a
bachelor’s degree or higher. The Northwestern Forested Mountains and Mediterranean
California ecoregions had the highest proportion of residents in this class (35% and 32%
respectively). The North American Desert ecoregion had the lowest proportion of members in
the Disengaged group (15%).

Class 2: Personal Sphere-Ready
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We call Class 2 the “Personal Sphere-Ready” group because with strategic interventions
or messaging, they may be ready to engage in personal-sphere behavior. While this group did not
have much knowledge about native plant gardening (75% of group members claimed they had
little to no knowledge on the subject), they did appear to have a strong positive attitude towards
personal-sphere native plant gardening behavior (80% chance). Around half (56%) of
respondents in this group claimed they had planted a native plant previously and 33% said they
had participated in social diffusion for native plants. This group was defined by moderate or
neutral perceptions for personal sphere and social diffusion behavior for native plant gardening
and they did not have strong perceptions of whether these actions were considered common or
uncommon behavior (see Tables 6 and 7). Participants were also 61% likely to have moderate
confidence in their ability to plant native plants (i.e., personal sphere-specific self-efficacy).
There was a less than 7% likelihood that Personal Sphere-Ready participants had positive
perceptions of descriptive norms for any of the three behaviors. This group likely did not have
any habitual civic action behavior (2% likelihood) and had no intention of participating in civic
action themselves (0% chance).

The Personal Sphere-Ready group had a median age of 46, the racial distribution of
group members was 77% White, 13% Black, 7% Asian, 2% Mixed Race, 1% Other Race, and
47% had a bachelor’s degree or higher. The Taiga (30%) and Eastern Temperate Forest (30%)
ecoregions had the highest proportions of Personal Sphere-Ready members. The Temperate
Sierras ecoregion had the lowest proportion of members in this class (21%).

Class 3: Social Diffusion-Ready
Class 3, or the “Social Diffusion-Ready” group appeared willing to further engage in

personal-sphere actions, and, with strategic outreach, may be ready to engage with social
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diffusion behavior. While this group had little knowledge about native plants (92% of
participants reported little to no knowledge on the topic), they had strong positive attitudes
towards personal-sphere and social diffusion behaviors related to native plant gardening. There
was a 91% likelihood that they had a positive attitude towards personal-sphere behavior and an
84% likelihood that they had a positive attitude towards social diffusion behavior. People in this
group were highly likely to have a low (54% likelihood) or moderate (45% likelihood)
perception of social diffusion-specific descriptive norm. In other words, they were unlikely to
believe that native plant social diffusion is considered common in their community.

While many participants had not previously engaged in the three types of native plant
gardening behaviors (past engagement was at 29% for personal action, 22% for social diffusion,
and 3% for civic action), the Social Diffusion-Ready group was defined by a high sense of
collective efficacy (i.e., belief in a group’s ability to make a positive impact) for all three types of
behaviors and believed the issues of biodiversity and water scarcity were highly important (over
81% likelihood). Fifteen percent of members had low social perceived diffusion-specific self-
efficacy, 53% had moderate self-efficacy perceptions, and 32% had high self-efficacy
perceptions. People in this group had a low likelihood of engaging in civic action for this cause
in the foreseeable future (6% chance).

The Social Diffusion-Ready group had a median age of 44, the racial distribution of
group members was 78% White, 14% Black, 4% Asian, 2% Mixed Race, 2% Other Race, and
63% had a bachelor’s degree or higher. The North American Deserts (40%) and Northwestern
Forested Mountains (35%) ecoregions had the highest percentage of membership. The Eastern
Temperate Forest ecoregion had the lowest proportion of membership in the Social Diffusion-

Ready group (21%).
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Class 4: Civic Action-Ready

Class 4 is titled “Civic Action-Ready” because this group of respondents reported the
most experience and positive perceptions towards personal-sphere action, was interested in
continuing to engage in social diffusion, and with strategic intervention, may be ready to begin
participating in civic action. This class was the most engaged in the three native plant actions
(82% had planted native plants, 83% had engaged in social diffusion, and 41% had participated
in civic action) and was defined by strong positive attitudes and collective efficacy towards all
three types of behaviors (see Tables 6 and 7). Civic Action-Ready group members had a 61%
chance of having moderate perceptions of civic action-specific self-efficacy. This group had over
an 80% chance of having positive attitudes and a strong sense of collective efficacy for all three
types of native plant gardening behaviors. They were also at least 87% likely to believe that
issues related to native plant gardening (i.e., biodiversity loss, water scarcity, and chemical
exposure) were highly important. This group had greater than a 61% likelihood of participating
in personal-sphere and social diffusion behavior in the next year.

The Civic Action-Ready group had a median age of 44, the racial distribution of group
members was 75% White, 15% Black, 8% Asian, 2% Mixed Race, and 54% had a bachelor’s
degree or higher. The Taiga (29%) and Temperate Sierras (28%) ecoregions had the highest
proportion of Civic Action-Ready group members, and the Northwestern Forested Mountains
had the lowest proportion of membership (5%).

Discussion

Audience segmentation can help us identify audiences and their shared perceptions to

create more effective outreach strategies. While segmentation has been used in other sectors,

varying academic fields, and for environmental issues, to our knowledge, it has not been applied
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to native plant gardening behaviors in the United States. According to our latent class analysis
there are four groups that vary in terms of their attitudes, behaviors, and normative perceptions.
The segments appear to be uniquely primed for different types of native plant gardening actions,
so a one-size-fits-all approach may not be effective in communication and outreach. The four
groups we identified can help guide more efficient and effective outreach efforts needed to
expand the native plant gardening movement.

Our results suggest that before beginning an outreach campaign about native plant
gardening, an organization may want to start by determining which of the four groups they are
targeting through their campaign. To uncover which of the segments that an audience falls into,
organizations may want to observe participants, track engagement in different types of outreach
events, and ask targeted questions to learn about participant perceptions and behavior. Recording
participant feedback, comments, and questions may help uncover their attitudes, previous
experience, normative perceptions, and behavioral intentions, the key variables that distinguished
our observed groups. Tracking participation in events and including questions that measure
attitudes, previous behavior, and perceptions of norms and collective efficacy (i.e., a defining
indicator of the Social Diffusion-Ready group), on registration forms or surveys may help
organizations identify their target audience(s) and use theoretically driven outreach strategies
(see examples of how to measure these questions in the ‘Survey Measures’ table in Supplemental
Materials).

Our results identified that 26% of the population fell into the Personal Sphere-Ready
group, defined as people who may be ready to participate in native plant gardening themselves.
A program aimed to engage Personal Sphere-Ready audience members might draw in

participants using a title that signals it is for beginners such as “Native Plant Gardening 101,” or
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include in the description that it is for people who are new to native plant gardening or “native
plant newbies.” Low subjective knowledge defined this group so knowledge-building
educational activities such as defining native plants, highlighting their benefits, and providing
examples may be effective. With a moderate perception of self-efficacy, the Personal Sphere-
Ready group may benefit from personal sphere-specific self-efficacy interventions like proximal
goal setting, social modeling, mastery experiences, and social persuasion (Bandura, 1977, 1986;
Bandura & Schunk, 1981) to boost the individual’s sense of confidence in planting native plants
themselves. This may involve asking participants to set SMART (Specific, Measurable,
Achievable, Relevant, and Time-bound; Doran, 1981) goals for planting a native plant (i.e.,
proximal goal setting), bringing in a native plant gardener who can share their story of how they
got started (i.e., social modeling), giving participants a hands-on experience planting a native
plant (i.e., providing a mastery experience), and providing plenty of positive, encouraging
feedback throughout (see Champine et al. in review for workshop-based micro-interventions to
increase self-efficacy).

People in the Personal Sphere-Ready group had a lower sense of collective response
efficacy than those in the Social Diffusion-Ready and Civic Action-Ready groups. To address
the barrier of a low sense of response efficacy, it may be effective to use interventions that
increase perceptions that their actions, and their actions combined with the actions of others, will
have a positive impact on the issues they care about such as wildlife, saving water, or reducing
pesticides. This may include sharing facts and statistics about the positive impacts of native plant
gardening on multiple types of environmental issues. The use of peripheral-route messaging (i.e.,
a persuasion method that focuses on superificial cues rather than the content of the message)

such as using humor, trusted sources, and personal narratives to evoke emotion, may also help
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motivate this group as they are currently not very engaged in native plant gardening actions
(Neumann et al., 2022; Petty et al., 1983; Roser-Renouf et al., 2015). According to the
elaboration likelihood model of persuasion, peripheral-route messages are more effective for
audiences that are not motivated to process a message deeply (Petty et al., 2009).

Our segmentation analysis found that 23% of participants fell in the Social-Diffusion-
Ready class, or the group that may be ready to engage in social diffusion behavior for native
plants. Individuals in the Social Diffusion-Ready group have strong positive attitudes towards
personal-sphere and social diffusion behavior but could benefit from self-efficacy and
knowledge building activities for both types of behavior (see Niemiec et al., 2021 for an example
of efficacy-based interventions). To address the variation of self-efficacy perceptions in this
group, outreach can use the same strategies mentioned above for the Personal Sphere-Ready
group, though interventions should be behavior-specific. In other words, strategies to increase
self-efficacy for social diffusion behavior should focus specifically on encouraging others to
plant native plants, rather than planting a native plant individually. For example, to leverage
social modeling for diffusion behavior, a program may bring in a person who has experience
talking to others about native plant gardening or influencing people in their community to join
the movement. This group has a low sense of subjective knowledge about native plant gardening
so programs should still start with a basic introduction to native plants that includes definitions,
benefits, and examples.

The Social Diffusion-Ready group might also benefit from interventions to strengthen
their sense of descriptive norms towards the behaviors. For example, sharing relevant, positive,
community-based statistics about how many people are participating in social diffusion may help

boost perceptions of social norms around social diffusion behavior. This strategy, called
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normative messaging (i.e., a type of peripheral-route messaging), is influential for different types
of pro-environmental behaviors (see Abrams et al., 2021; Cialdini, 2003; Goldstein et al., 2008;
Han & Hyun, 2018; Sparkman et al., 2020, 2021 as examples). Normative messaging may be
effective for this group because they were likely to have no previous engagement in native plant
gardening behaviors and less engaged audiences may be more influenced by peripheral-route
messages (Petty et al., 2009). Furthermore, this group has a high sense of collective efficacy for
the two behaviors, so appealing to their sense of community or involvement in a growing social
movement may be effective in influencing behavior.

We found that 25% of participants were in the Civic Action-Ready group and may be
ready to participate in civic action. The Civic Action-Ready group has likely planted native
plants themselves and talked to others about it, but they may need additional motivation to take
civic action. As this group is highly involved in native plant gardening, and thus might be
expected to engage with more cognitively effortful messages, organizations can use central route
messaging (i.e., the opposite of peripheral-route messaging), such as messages with more
information and complexity (Petty et al., 2009; Petty & Cacioppo, 1986; Roser-Renouf et al.,
2015). Preliminary evidence suggests that normative messaging may not be as effective for
highly engaged populations in native plant gardening behaviors (Champine et al., in review;
Niemiec et al., 2021). According to the Elaboration Likelihood Model, highly engaged
individuals, like those in the Civic Action-ready group, may be motivated by their sense of moral
obligation, ability, and passion for the issue rather than relying on outside influences to guide
their behavior (Petty & Cacioppo, 1986)

Given their moderate sense of self-efficacy for civic action, strategies to target civic

action-specific self-efficacy may be useful to engage the Civic Action-Ready group. For
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example, to provide a mastery experience, an organization might give participants practice
reaching out to a local legislator with a pre-made script that they can follow. Like the Social
Diffusion-Ready group, this group has a strong sense of collective response efficacy, so
appealing to a social movement may be effective. Furthermore, this group was highly worried
about related issues (i.e., biodiversity loss, water scarcity, and chemical exposure) and believed
these issues to be very important so using value-based messages that appeal to these issues may
be effective.

The remaining 26% of participants were in the Disengaged group. The Disengaged
group is likely to be unwilling to participate in any native plant gardening behavior as they have
more neutral attitudes and weak perceptions of social norms and self-efficacy towards the three
types of actions. While it may be more efficient to focus on the other three groups to grow the
native plant gardening movement, there are still strategies to target the disengaged group such as
peripheral route and normative messaging (Neumann et al., 2022; Petty et al., 1983; Roser-
Renouf et al., 2015). See Table 8 for an overview of research-based strategies to target each of
the four latent class segments most effectively.

Table 8. Research-based strategies to engage each group in native plant gardening actions.

Peripheral- Knowledge-  Self-Efficacy Response Normative Appeals to Central-
Routg Building Intervention* Efﬁcaf:y Messaging* Movement/ Rout(?
Messaging Interventions* Issues Messaging
Disengaged X X
Personal
Sphere- X X X X
Ready
Social
Diffusion- X X X X X
Ready
Civic
Action- X X X X
Ready

Note. *Behavior-specific
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Limitations

While we took steps to gather a representative sample of United States adults, it is
likely that our sample varies slightly from the true population. Prolific, the survey distribution
website, only uses three variables (age, sex, and simplified ethnic/racial group) to create a
representative distribution, therefore our sample may have a distinct distribution of other
demographic characteristics. For example, the sample was likely overrepresented by voters and
underrepresented by people who identify as Christian. Furthermore, as our survey was on a
study-marketplace, there may have been a selection bias of people with an interest in native plant
gardening, because they could choose which study to participate in from several available
studies.
Conclusion

After years of audience segmentation research around other environmental issues, this
study used methods adapted from the Six Americas project to examine perceptions towards
urban biodiversity conservation actions in the United States. We used the case study of native
plant gardening to measure social-psychological beliefs and intentions to engage in personal-
sphere, social diffusion, and civic action behavior. Our LCA revealed four groups that varied in
terms of their attitudes, engagement in native plant actions, and concern for related issues. Our
findings provide tailored opportunities for outreach for each of the four segments. Understanding
the characteristics of each group and using research-based strategies to remove relevant social-
psychological barriers can help environmental managers and organizations create effective
outreach and communication strategies for distinct segments of the population. This strategic
outreach can help grow the native plant gardening movement and further address biodiversity

loss in the United States.
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Dissertation Conclusion

With rapid biodiversity loss and population growth around the world, cities and
urbanized areas have become important spaces to tackle biodiversity conservation issues (Rega-
Brodsky et al., 2022). They provide habitat for many endangered species, ecosystem services,
and opportunities for humans to connect with the natural world (Bell et al., 2018; Beninde et al.,
2015; Goddard et al., 2010; Ives et al., 2016). Various social-environmental systems shape the
urban and residential landscape and impact local biodiversity (Cook et al., 2012; Kinzig et al.,
2005; Schell et al., 2020). While large issues like biodiversity loss have no “silver bullet”
solution, their complexity creates opportunities for different points of intervention and strategies
to address them. This dissertation specifically focuses on opportunities for individual action in
addressing urban biodiversity conservation.

While top-down strategies, like governmental regulations and corporate environmental,
social, and governance (ESG) initiatives, are important to combating biodiversity loss, |
highlight the potential for individuals to help shape social norms and influence these larger
institutions through participation in collective action. Aligning with Amel et al. (2017)’s spheres
of human influence model, my research examines how individuals not only change their
personal-sphere behavior but also the broader systems in which they are embedded. Promoting
behavior beyond the personal-sphere, such as through social diffusion or civic action, can create
more opportunities to spread awareness and social norms, build a social movement, and
influence systems-level change.

The articles in this dissertation shed additional light on the motivators and barriers to

personal-sphere, social diffusion, and civic action behaviors related to native plant gardening,
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and demonstrate the need for research-based outreach interventions to influence greater
community engagement in urban biodiversity conservation. In Chapter 1 I highlighted the
importance of understanding the drivers of social diffusion behavior, or behaviors that
disseminate new information and actions through social networks. While there is overlap
between the drivers of personal-sphere and diffusion behavior, I found that enhancing diffusion-
specific personal norms and self-efficacy in addition to personal-sphere specific behavioral
perceptions may be particularly effective in motivating social diffusion.

Drawing from the results of the first chapter, in Chapter 2 I tested outreach interventions
to target both personal-sphere and diffusion actions for urban biodiversity conservation. The
research team developed research-based microinterventions to target specific social-
psychological perceptions found to drive native plant diffusion behavior in Chapter 1 (i.e.,
knowledge, attitudes, and social diffusion-specific self-efficacy and personal norms), and
microinterventions to target other types of perceptions that influence pro-environmental behavior
(i.e., social norms and response efficacy). I tested the microinterventions in an online, workshop-
based field experiment and found that while they did not significantly change indicators of real-
world behavior, they did reveal initial increases in social-psychological perceptions related to
social diffusion of urban biodiversity conservation behavior (i.e., encouraging others to plant
native plants around their homes). This study highlighted the need for future research that uses
experimental methods and real-world measures of behavior to inform outreach approaches in
biodiversity conservation. Practitioners may draw on these findings to implement efficacy-based
interventions in outreach to influence the social-psychological drivers of behavior in engaged

audiences.
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The focus of Chapter 3 aimed to address the limitations of sample size and
representativeness in the first two chapters and examine an additional type of behavior beyond
personal-sphere action and social diffusion: civic action. I found that participants in the first two
studies were overrepresented by older, White, educated women, and decided to use an online
sampling platform to survey a larger, more representative sample. I used audience segmentation
to identify distinct target audiences in urban biodiversity conservation outreach, specifically for
native plant gardening behaviors. My findings suggest that organizations can tailor their outreach
approaches based on a groups’ receptiveness and readiness for different types of behavior. A
Latent Class Analysis (LCA) revealed four distinct groups within the United States. While 26%
of the population is not ready to engage in any type of native plant gardening action (i.e., the
Disengaged group), with targeted outreach strategies, 26% could be receptive to participation in
personal-sphere behavior (i.e., planting native plants), 23% may be ready to engage in social
diffusion behavior (i.e., encouraging others to plant native plants), and 25% could be motivated
to engage in civic action to increase the prevalence of native plants. Together, the three studies in
my dissertation contributed to a more nuanced understanding of native plant gardening behaviors
and highlight the need for research-based, targeted outreach.

Across the three chapters of my dissertation there were a few social-psychological
perceptions that emerged as drivers of native plant gardening behaviors. These included
subjective knowledge about native plants, positive attitudes, strong personal norms, and efficacy-
related constructs. My findings are partially consistent with theoretical models of behavior (e.g.,
Theory of Planned Behavior; Ajzen, 1985) though social norms did not appear to play as much
of a role as initially hypothesized in the first two chapters. In Chapter 1, social norms were not

significant positive drivers of either personal-sphere or diffusion behaviors even though past
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studies have found norms, especially descriptive norms, to be strong drivers of conservation
behavioral intentions (Farrow et al., 2017; Jones & Niemiec, 2020; Kallgren et al., 2000). In
addition, the microinterventions in Chapter 2 appeared to initially influence perceptions of a
diffusion-specific descriptive norm (i.e., beliefs that people encourage others to plant native
plants), though this change did not last when remeasured two months after the workshop. These
findings may provide evidence that social norms are not as effective drivers of behavior for more
highly engaged audiences. However, with a more representative sample in Chapter 3, while
strong positive social norms did not differentiate the two most engaged groups, the disengaged
group was defined by negative perceptions of descriptive norms, and the personal sphere-ready
group was most likely to have neutral perceptions of social norms around native plant gardening
behaviors.

While normative constructs had varying results, efficacy-based measures appeared to be
influential for the behaviors measured in the three chapters. In Chapter 1, diffusion-specific self-
efficacy not only predicted diffusion intention, but also moderated the relationship between
intention and an indicator of real-world behavior. Efficacy-based microinterventions in Chapter 2
increased perceptions of diffusion-specific social response efficacy (i.e., beliefs that diffusion
actions would successfully influence others) immediately after the workshop, and though they
did not continue to increase after the workshop, they remained significantly higher than the
control group after two months. In my audience segmentation study, the disengaged group was
defined by low perceptions of environmental response efficacy (i.e., belief that planting native
plants would make a positive impact on the environment), and the two most engaged groups (i.e.,
Social Diffusion-Ready and Civic Action-Ready) were defined by strong perceptions of

collective efficacy for all three types of behaviors (i.e., beliefs that collective efforts can achieve
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the intended outcome). To continue developing effective strategies to motivate individual
behavior outside of the personal sphere, future studies could test the influence of different types
of efficacy-related constructs on urban biodiversity conservation behaviors.

I recognize that, as with all scientific research, there are limitations to my work. The
studies in this dissertation use a primarily post-positivist epistemological approach (Trochim et
al., 2016; Trochim & Donnelly, 2006). I used survey and experimental methods that draw on
theory from social psychology and applied these to a new context. This involved breaking down
complex phenomena into specific variables and constructs to understand how they can inform
strategies to change behavior. Post-positivist approaches are beneficial because they recognize
bias and acknowledge that knowledge is fallible, while uncovering reliable trends that can be
generalized to other contexts (Mertens, 2019). However, my third chapter aimed to survey a
larger, more representative sample of people to uncover voices that were underrepresented in the
first two chapters, and I acknowledge that an online survey may not be an ideal method to
legitimize different viewpoints, perspectives, and truths. Social psychological research, and its
theories and methods, have been largely developed by WEIRD people (i.e., people in Western,
Educated, Industrialized, Rich, and Democratic societies) studying WEIRD participants (Henrich
et al., 2010). Thus, surveying the population with pre-determined measures may not accurately
acknowledge the multiple worldviews and identities that shape the way people think about,
perceive, and act in the world.

More constructivist methodologies, such as case studies and grounded theory, that use
methods like interviews and focus groups, may be better equipped to understand the intricacies
of a specific situation, or uncover multiple worldviews and perspectives. I took time before

developing my third chapter to interview organizations that are working with underrepresented

100



audiences in conservation and recorded open-ended responses to perceptions about wildlife-
friendly landscaping at a county fair in Douglas County, Colorado. These approaches deepened
my knowledge of perceptions around wildlife-friendly gardening in Colorado and helped me
uncover intricacies that I would not have thought to measure in my audience segmentation
survey initially. Creating themes from my discussions with conservation practitioners and
county-fair goers provided additional insights and ideas that a quantitative survey may not have
been able to uncover.

Future studies could use more constructivist approaches to study the complexity of
community engagement in urban biodiversity action in a specific context. For example, it could
be useful to conduct a case study of an organization that uses novel, or research-based
approaches to engage a wider audience in conservation actions. Lessons learned, and specific
themes uncovered from a variety of qualitative data could then inform overarching strategies to
improve urban biodiversity conservation outreach approaches. Strategies could then be
experimentally tested to ensure feasibility and effectiveness in multiple contexts.

Overall, the chapters in this dissertation add to knowledge of influencing multiple levels
of individual engagement in pro-environmental behavior and can guide the development of
approaches to target personal-sphere, social diffusion, and civic action behaviors specifically.
With the case study of native plant gardening, my research provides an analysis of key drivers of
behavior, potential strategies to motivate behavior, and initial audiences to target in biodiversity
conservation initiatives. After ensuring a receptive audience, the use of behavior-specific
strategies to increase perceptions of efficacy may be most effective for promoting behavior

beyond the personal-sphere. This research can inform outreach and education programming that
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increases the resilience and wellbeing of the human and non-human residents in our urbanized

landscapes.
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Supplemental Materials

Chapter 1
Sample and Data Collection

Participants’ ages ranged from 18 to 90 years old with a median age of 51. The median
age in Fort Collins is 31 years, but our sample reflects residents in single-family homes, who are
more likely to be in the Baby Boomer generation (56-74 years old; Blazheski, 2016). According
to the U.S. Census Bureau (2019), Fort Collins residents are predominantly White (88% White,
80% non-Hispanic/Latino), and well-educated (56% have a bachelor’s degree or higher). Half
(50%) of Fort Collins residents identify as male, 64% of Fort Collins households are single-
family units, and 45% of households are renter occupied. Most of the sample identified as non-
Hispanic/Latinx (88%), were highly educated (85% bachelor’s degree or higher), identified as
female (65%), and owned their home (81%). Most participants held positive attitudes toward
native plant gardening (86%), and more than half of participants held positive attitudes toward
native plant diffusion behavior (65%). Two thirds reported that they had planted a plant
specifically for wildlife on their property (68%) and half of participants claimed they had
encouraged someone else to plant native plants (i.e., engaged in diffusion behavior; 50%).
Survey Measures and Procedure

Our survey began with definitions of terms that were used throughout, such as property,

native plant, and native plant gardening. The survey was divided into four sections and had a
total of 34 questions. The first section asked questions about the participants’ previous behavior,
subjective knowledge, and approximate estimations of how many people are participating or
interested in native plant gardening. The second and third sections of the survey measured

individual and diffusion behavior-specific attitude, intention, efficacy, and additional social
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norms variables. At the end of the survey, we included a demographics section including age,
gender, ethnicity, level of education, and homeownership.
Data Analysis

We ran post-hoc power analyses with the InteractionPoweR package in R (Baranger et al.,
2021) to determine the power of our observed effect sizes in our moderation analyses due to
evidence that interactions are often underpowered (Blake & Gangestad, 2020; Gelman, 2018;
Maxwell et al., 2018). Given that estimates of effect sizes found in studies are noisy and can
overestimate power (Gelman, 2019), we also calculated minimum detectable effects (MDE) for
the coefficients in our LASSO-selected regressions by multiplying the standard error by 2.8
(Chabé-Ferret, 2021). MDEs are the minimum effect size that a study can estimate at a level of

significance. They rely on the estimated standard error, lead to less variation than calculating ex-

post power, and do not depend on the statistical significance of results (Mckenzie & Ozier,

2019).

Table S1. Social-Psychological Constructs in Survey

Construct Survey Item(s) Response Scale
Subjective How knowledgeable do you feel about 5-point Likert scale from
Knowledge gardening with native plants in Northern “not knowledgeable at
Colorado? all” to “extremely
knowledgeable”

Attitude Would you say your general attitude towards 7-point Likert scale from
native plant gardening is positive, negative, or  “extremely negative” to
neutral? “extremely positive”
Would you say your general attitude towards
encouraging others to plant with native plants
is positive, negative, or neutral?

Self-Efficacy I have the skills and knowledge to plant native ~ 7-point Likert scale

plants on my property.

I wouldn't be able to have a good discussion
about planting native plants with my
community members.
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“neither disagree nor
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Response Planting native plants on my property has a 7-point Likert scale

Efficacy positive influence on native pollinators, birds,  ranging from “strongly
(Environmental) and wildlife. disagree” to “strongly
Convincing other people to plant native plants  agree” with 4 being
on their properties will make my own native “neither disagree nor
plants better for wildlife. agree”
Response My personal actions to plant native plants on 7-point Likert scale
Efficacy my property will motivate others in my ranging from “strongly
(Social) community to do the same. disagree” to “strongly
If I advocate for native plant gardening in my  agree” with 4 being
community, my efforts will inspire others to “neither disagree nor
plant native plants. agree”
Injunctive People I know in my community disapprove of 7-point Likert scale
Norm me replacing lawn with native plants on my ranging from “strongly
(sanctioning) property. disagree” to “strongly
Most people would disapprove of me agree” with 4 being
advocating for native plant gardening in my “neither disagree nor
community. agree”
Personal Norm I feel a moral obligation to plant native plants  7-point Likert scale
on my property. ranging from “strongly
I feel a moral obligation to encourage others to  disagree” to “strongly
plant with native plants agree” with 4 being
“neither disagree nor
agree”
Descriptive Most people in my community have planted 7-point Likert scale
Norm native plants on their properties. ranging from “strongly
Most people in my community have disagree” to “strongly
encouraged others to plant native plants agree” with 4 being
“neither disagree nor
agree”
Dynamic Norm In recent years, more people in my community  7-point Likert scale
have begun planting native plants on their ranging from “strongly
properties. disagree” to “strongly

In recent years, more people in my community — agree” with 4 being
have begun encouraging others to garden with ~ “neither disagree nor

native plants. agree”
Behavioral How likely are you to purchase a native plant ~ 5-point Likert scale from
Intention for your property in the next year? “not likely at all” to

How likely are you to encourage others to plant “extremely likely”
native plants in the next year?

145



Table S2. Sensitivity Analysis (complete-case analysis) for Individual Intention

LASSO OLS

B SE p  95%CI
Knowledge 0.14 0.4 009 .10 -0.03 031
Ind. Self-Efficacy 0.08 0.5 009 .09 -0.02 032
Diff. Self-Efficacy 0.02 007 008 .87 -0.09 023

Ind. Env. Response Efficacy  0.15 0.14 0.08 .07 -0.01 0.29
Diff. Env. Response Efficacy  0.08 0.11 0.08 .17 -0.04 0.26
Ind. Social Response Efficacy 0.10 0.12 0.07 .09 -0.02 0.27

Ind. Descriptive Norm 0.09 0.20 0.07 .01 0.06 0.34
Diff. Descriptive Norm -0.01 -0.14 0.07 .06 -0.28 0.01
Diff. Injunctive Norm 0.00 0.11 0.07 .12 -0.03 0.25
Ind. Personal Norm 0.14 0.24 0.09 .01 0.07 040
Ind. Attitude 0.09 0.11 0.09 .22 -0.07 0.28
Own Home 0.11 0.27 0.15 .07 -0.02 0.56
Male -0.07 -0.20 0.14 .15 -0.47 0.07
Hispanic/Latinx -0.06 -0.28 0.21 .17 -0.69 0.12
Adjusted R? 36

Ind. = individual, Diff. = diffusion, Env. = environmental, = standardized coefficient; SE =
standard error; CI = confidence interval.

Table S3. Sensitivity Analysis (complete-case analysis) for Diffusion Intention

LASSO OLS

B SE_ p 95% CI
Knowledge 0.16  0.17 006 .003 006 0.28
Diff. Self-Efficacy 0.02 0.4 006 .02 002 025

Ind. Env. Response Efficacy 0.02 0.04 0.06 .50 -0.07 0.15
Diff. Env. Response Efficacy  0.06 0.09 0.06 .11 -0.02 0.15
Ind. Social Response Efficacy 0.01 0.07 0.05 .12 -0.09 0.13
Diff. Social Response Efficacy 0.05 0.02 0.06 .38 -0.07 0.18

Diff. Dynamic Norm 0.02 0.04 0.05 .44 -0.06 0.15

Diff. Personal Norm 0.19 0.27 0.07 <.001 0.14 0.40

Ind. Attitude 0.27 0.29 0.07 <.001 0.16 0.42

Diff. Attitude 0.23 0.29 0.07 <.001 0.15 0.43

Male -0.04 -0.13 0.16 .20 -0.34 0.07

Hispanic/Latinx -0.22 -0.41 0.16 .01 -0.72 -0.11
Adjusted R? .65

Ind. = individual, Diff. = diffusion, Env. = environmental, = standardized coefficient; SE =
standard error; CI = confidence interval.
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Table S4. Binary Logistic Regression for Individual Behavior

LASSO LR
p SE p 95% CI
Knowledge 0.03 020 0.23 .27 -0.16 0.55
Ind. Social Response Efficacy 0.05 0.14 020 .49 -0.24 0.55
Ind. Personal Norm 0.16 039 024 .11 -0.07 0.88
Ind. Attitude 0.03 0.12 024 .62 -0.33 0.63
Male -0.01 -0.50 041 .23 -136 0.28
Education 0.19 043 0.20 .03 0.05 0.85

LR = logistic regression; Ind. = individual, = standardized coefficient;
SE = standard error; CI = confidence interval.

Table S5. Binary Logistic Regression for Diffusion Behavior
LASSO LR
S SE p 95% CI
Ind. Social Response Efficacy 0.16 031 026 .24 -0.18 0.85

Ind. Dynamic Norm 0.25 041 0.28 .14 -0.14 0.96
Diff. Dynamic Norm 0.27 045 026 .08 -0.03 1.00
Ind. Personal Norm 0.10 034 027 .20 -0.16 0.89
Male -0.25 -0.83 054 .12 -1.99 0.16
Age 0.01 0.03 0.15 .05 0.00 0.06
Education 0.17 043 024 .07 -0.01 0.94

LR = logistic regression; Ind. = individual, Diff. = diffusion, /= standardized coefficient;
SE = standard error; CI = confidence interval.
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Table S6. Moderation Analyses: Binary Logistic Regressions predicting Indicators of Behavior

(voucher use)

Individual S SE p 95%CI Diffusion g SE p 95% CI
Behavior Behavior
Self-Efficacy Self-Efficacy

Ind. 05 02 .00 0.1 1.0 Diff. 0.6 02 .00 02 1.1
Intention 8 1 6 8 1 Intention 8 5 6 0 9

Ind. Self- - 02 .73 - 0.3 Diff. Self- - 02 20 - 0.1
efficacy 00 0 04 3 efficacy 03 7 0.8 7

Ind. Diff.

Intention * ) Intention *

Ind. Self- 0.1 01 05 02 04 Diff. Self- 04 0.1 0.0 0.7
efficacy 0 9 4 9 7 efficacy 3 9 .02 o6 9
Knowledge Knowledge

Ind. 05 02 00 0.1 09 Diff. 0.7 04 00 02 1.2
Intention 1 1 1 1 4 Intention 2 7 3 6 2

Knowledge 00 02 07 - 0.4 Knowledge - 02 .14 - 0.1

6 1 9 03 5 04 8 1.0 2
7 1 0

Ind. ) Diff.

Intention * 02 01 02 01 05 Intention* 04 02 0.0 0.8

Knowledge 0 9 9 7 8 Knowledge 4 0 .03 5 4
Homeownershi Homeownershi
p p

Ind. 0.0 04 09 - 0.9 Diff. - 04 98 - 0.9
Intention 520 2-7 1 Intention 0.0 8 09 5

1 9
0.1 04 07 - 1.1 - 05 .95 - 1.1
Homeownershi 5 8 5 07 8  Homeownershi 0.0 3 1.0 3
P 3 P 3 2
Ind. Diff.
Intention * Intention *
Homeownershi (¢ 04 01 03 1.5 Homeownershi 0.7 05 0.1 02 1.8
p 4 7 8 2 7. p 7 3 5 9 4

Ind. = individual, Diff. = diffusion, = standardized coefficient; SE = standard error; CI =

confidence interval
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Chapter 2

Table S1. Overview of Measured Variables

Type Construct Measurement*
Primary Behavioral Intention How likely are you to encourage a friend or neighbor to
Outcomes (general — diffusion) purchase a native plant for their property in the next
year? (5-point Likert scale)
Self-reported Behavior | In the last two months, how many times have you given
(diffusion - # of away a “Friend and Neighbor” Native Plant Coupon to
coupons) encourage someone else to buy a native plant for their
property? (0-3)
Secondary Behavioral Intention By taking part in this study, you will receive three $10
Outcomes (specific — diffusion) native plant coupons to share with other people, how likely

are you to share these coupons? (5-point Likert scale)

Behavioral Intention
(specific — individual)

By taking part in this study, you will receive up to two $10
coupons to buy native plants for yourself, how likely are
you to redeem these coupons? (5-point Likert scale)

Behavioral Intention
(general — individual)

How likely are you to purchase a native plant for your
property in the next year? (5-point Likert scale)

Self-Reported In the last two months, have you used a “Self” Native Plant
Behavior (individual) Coupon to buy a native plant for yourself? (yes/no)
Self-Reported In the last two months, how many times have you
Behavior (diffusion encouraged others to plant native plants without using

without coupon)

a “Neighbor” Native Plant Coupon?

Actual Behavior
(diffusion)

“Neighbor” Coupons used (0-3)

Actual Behavior
(individual)

“Self” Coupons used (0-2)

Descriptive Norm
(individual — interest
estimate)

Approximately what percentage of people in your
community do you think are interested in planting native
plants on their properties? (0% to 100% scale)

Self-Efficacy I have the skills and knowledge to plant native plants on
(individual) my property.

Descriptive Norm Many people in my community have planted native plants
(individual) on their properties.

Environmental Planting native plants on my property has a positive
Response Efficacy influence on native pollinators, birds, and wildlife.
(individual)

Social Response My personal actions to plant native plants on my property
Efficacy (individual) will motivate others in my community to do the same.
Injunctive Norm People in my community would disapprove of me replacing
(individual — lawn with native plants on my property.

sanctioning)

Dynamic Norm In recent years, more people in my community have begun
(individual) planting native plants on their properties.

Injunctive Norm
(individual — supportive)

People I know support me replacing lawn with native plants
on my property.

Self-Efficacy (diffusion)

I wouldn't be able to have a good discussion about planting
native plants with my community members.
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Descriptive Norm

Most people in my community have encouraged others to

(diffusion) plant native plants.

Environmental Encouraging other people to plant native plants on their
Response Efficacy properties will make my own native plants better for
(diffusion) wildlife.

Social Response If I encourage others to plant native plants in my
Efficacy (diffusion) community, my efforts will inspire others to plant native

plants.

Injunctive Norm
(diffusion — sanctioning)

Most people would disapprove of me advocating for native
plant gardening in my community.

Dynamic Norm
(diffusion)

In recent years, more people in my community have
begun encouraging others to garden with native plants.

Injunctive Norm
(diffusion — supportive)

People I know support me encouraging others to plant
native plants.

Personal Norm

I feel a moral obligation to plant native plants on my

(individual) property.

Personal Norm I feel a moral obligation to encourage others to plant with

(diffusion) native plants.

Attitude (individual) Would you say your general attitude towards native plant
gardening is positive, negative, or neutral? (7-point Likert
scale, “extremely positive” to “extremely negative”)

Attitude (diffusion) Would you say your general attitude towards encouraging
others to plant native plants is positive, negative, or
neutral? (7-point Likert scale, “extremely positive” to
“extremely negative”)

Other Subjective Knowledge | How knowledgeable do you feel about gardening with
Covariates native plants in Colorado? (5-point Likert scale, “not
knowledgeable at all” to “extremely knowledgeable”)

Previous Behavior Have you ever planted a plant specifically for wildlife (such

(planting for wildlife) as birds, bees, butterflies, or other pollinators) on your
property? (yes/no)

Previous Behavior Have you ever planted a native plant on your property?

(planting native plants) | (yes/no)

Previous Behavior Have you ever encouraged someone else to plant native

(diffusion) plants on their property? (yes/no)

Household Income What is your household income?

Gender What is your gender?

Age What is your age (in years)?

Education Level What is your highest level of education?

Race What is your race?

Ethnicity What is your ethnicity?

HOA Membership Are you part of a Homeowners’ Association?

Other Information Source How did you hear about this online workshop?
Variables Workshop Helpfulness | We would like your feedback on the Habitat Hero Native
Plant Outreach workshop. How helpful did you find
the workshop?
Workshop What can we do to improve this workshop in the future?
Improvement
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Workshop How likely are you to recommend this native plant outreach

Recommendation workshop to a friend?
Type of Plants Bought | What type of native plant did you buy?
Coupon Recipients Who did you give your (first, second, third) “Neighbor”

Native Plant Coupon to?

Participation in Prior | Last spring, CSU Researchers and the City of Fort Collins
Study Nature in the City program mailed $10 Native Plant
Vouchers to residents in the greater Fort Collins area, did
you participate in this initiative?

* Perceptual survey items measured on a 7-point Likert scale ranging from “strongly disagree” to
“strongly agree” unless otherwise noted.

Additional Methods

Workshops were advertised as a special series on “Native Plant Outreach” as part of the
larger ongoing series of in-person and online workshops Audubon Rockies has delivered within

their Habitat Heroes program (https://rockies.audubon.org/habitat-hero; Jones et al., 2021). The

Habitat Heroes program trains individuals and organizations on how to create habitat for birds
and wildlife through wildlife-friendly gardening strategies (e.g., planting native plants) and

certifies bird-friendly gardens.
Workshop Design

Workshops were held on weekdays at 12:00pm and on Saturday mornings at 9:00am to
increase our accessibility to a diversity of interested target audiences. Both intervention and
control workshops emphasized the call for participants to engage in diffusion behavior (i.e.,
encouraging others to plant native plants) as well as personal-sphere native plant gardening
behavior. Keeping all workshops to 90 minutes ensured differences in outcomes between the two
types of workshops were due to differences in content rather than length. In the control
workshops, sections (2) and (3) focused on providing a lot of information. Information about the
benefits of native plant gardening in Colorado, how to garden with native plants, the benefits of

native plant outreach, and how to engage in outreach about native plants built on content from
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previous workshops delivered by Audubon Rockies (Jones et al., 2021) and publicly available

materials created by other local organizations, such as the Colorado Native Plant Society.

Control workshops were based on the information-deficit model, a popular communication

approach that assumes a lack of public engagement in a behavior is due to a lack information or

knowledge about the topic (Suldovsky, 2017). Information-transfer strategies, like those

highlighted in our control workshops, represent the status quo for pro-environmental behavior

change communication and public engagement. In the intervention workshops, sections (2) and

(3) focused on activities to increase positive perceptions of efficacy and norms.

Table S2. Descriptions of individual and diffusion-specific microinterventions in intervention

workshops
Constructs Interventions Individual Workshop Diffusion Workshop
Microinterventions Microinterventions
Self-efficacy Social modeling | A five-minute story about a real-life role model, told by an

(Geiger et al.,
2017)

Audubon Rockies staff member who has worked in this area for
years. Specifically, the staff member will share about how this
role model attended a previous Habitat Hero training because
her friend invited her, when she had no previous experience
with native plant gardening. She then got inspired to add natives
to her own garden and noticed how her garden provides habitat
for birds and pollinators. She started with a small patch of her
yard and added 15 different types of native plants, let volunteer
sunflowers grow, switched to drip irrigation to save water and
hassle, and started seeing all kinds of birds and insects come to
that patch of yard. Now she gives formal Habitat Hero trainings
herself and tells people in her community about Habitat Hero
certification and native plants whenever the topic comes up.

Mastery
experiences
(Bandura, 1977,
1997)

Not feasible within the online | Allow participants to practice
workshop structure. sharing coupons with each
other in breakout groups using
provided scripts as templates,
such as: “Planting native
plants was new to me, too, but
it was simple! The nursery
makes it easy to find and order
plants online, and it feels good
to help provide a home for
wildlife. Plus, it saves me
water, I use fewer chemicals,
and it’s beautiful.”
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Proximal goal
setting (Bandura
& Schunk, 1981)

Set proximal goals in small
breakout groups about what
native plants participants will
buy (e.g., where, when),
supported by proximal goal
messages such as “We’ve
talked about a lot of factors to
consider about what plants to
buy and where to plant them.
Remember to keep this
manageable for yourself —
we’re not talking about going
away and redesigning your
whole yard tomorrow! Just
thinking about how you could
add a couple more plants to
existing beds or pulling out a
little piece of lawn.”

Set proximal goals in small
breakout groups about who to
share diffusion coupons with
(e.g., how, when), supported
by proximal goal messages
such as “We’ve talked about
the different people you could
share coupons with, and the
other different ways you can
do outreach about native
plants. But the most important
thing is that you start
somewhere — you don’t have
to be an expert in all forms of
outreach yet, you can start
small.”

Social persuasion
(Bandura, 1988)

Regularly remind participants that the organizers believe in their
ability to act through messages such as: “By the time you leave
this workshop, our aim is that you feel confident in your ability
to add a few native plants to your yard and to encourage a
couple friends or neighbors to do the same,” “You already have
a lot of the experience you need” (and saying what that is), and
“You don’t have to be an expert to reach out to others. You can
inspire them no matter if you have planted, 1 native plant or

100.”
Knowledge- Share specific information Share specific information
based about exactly how to buy about exactly how to talk to
interventions native plants, using the others about native plant
(Geiger et al., individual voucher, and gardening and share diffusion
2017) planting native plants. vouchers.
Social response | Providing Share stories of how other Share research that
efficacy feedback on individuals’ native plant demonstrates that people are
social impacts gardens have encouraged their | twice as likely to retain
(Witte & Allen, | friends and neighbors to also scientific information when it
2000) plant native plants simply by comes from friends, family,
seeing the garden’s beauty, the | and others they know, and
wildlife it attracts, and the they are 10 times more likely
water savings. Integrate to change their behavior.
messages such as: “Native
plant gardens get other people
interested in native plants just
by looking at them.”
Environmental | Providing Explain in detail the benefits Explain how native plant
response feedback on of native plant gardening to outreach multiples the benefits
efficacy ecological birds, pollinators, and water of native plant gardening to
impacts (Geiger | conservation, and adding birds, pollinators, and water
etal., 2017) messages such as, “Plant it conservation, and supporting

and they will come,” and

this with messages such as
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“People who’ve been
gardening with native plants
talk about having
hummingbirds and
bumblebees coming to their
flowers before the plants are
even in the ground.”

“When you encourage your
friends and neighbors, you are
multiplying the benefit to
birds, pollinators, and wildlife
in your neighborhood.”

Dynamic Normative Share normative data from an | Share normative data from an
norms statistics and engaged Fort Collins engaged Fort Collins
messaging (Kidd | audience, a random Fort audience, a random Fort
etal., 2019; Collins audience, and the Collins audience, and the
Sparkman & people who registered for people who registered for
Walton, 2017) these workshops about how these workshops about how
likely people are to plant a likely people are to encourage
native plant in the next year. a friend or neighbor to
Share specific numbers and purchase a native plant in the
percentages with participants, | next year. Share specific
and the studies the data came | numbers and percentages with
from, to boost credibility. participants, and the studies
Augment these facts with the data came from, to boost
messages such as: “Native credibility. Augment these
plant gardening is becoming facts with messages such as:
more and more common,” and | “You will be joining a
“Water conservation is growing movement in
becoming more and more Colorado and more broadly of
important in Colorado, residents, businesses, and
especially on the Front Range, | community leaders who are
and people are taking action to | helping others create more
reduce use in residential native habitat in residential
areas.” and urban areas.”
Descriptive Normative Share normative data from an | Share normative data from an
norms statistics and engaged Fort Collins engaged Fort Collins
messaging (Kidd | audience, a random Fort audience, a random Fort
etal., 2019; Collins audience, and the Collins audience, and the
Sparkman & people who registered for people who registered for

Walton, 2017)

these workshops on:

1. What percentage of
people have ever
planted a plant
specifically for
wildlife

2. What percentage of
people have ever
planted a native plant

Create a sense of supportive
local norms among the people
in this specific workshop
through interactive polls with
results visible to the group:

these workshops on what
percentage of people have
ever encouraged someone else
to plant native plants. Create a
sense of supportive local
norms among the people in
this specific workshop through
interactive polls with results
visible to the group:

1. “Where are you
joining this call
from?”

2. “How would you
describe your
experience level with
native plant
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1. “Where are you
joining this call
from?”

2. “How would you
describe your
experience level with
native plant
gardening?”
Participants respond
between 1 (Novice)
and 5 (Expert) for
native plant
gardening, after
receiving a working
definition of this term.

3. “Which of the
following proven
benefits from native
plant gardening makes
you the most
interested in native
plant gardening?”’
Participants select all
that apply from a list
of eight options.

outreach?”
Participants respond
between 1 (Novice)
and 5 (Expert) for
native plant outreach,
after receiving a
working definition of
this term.

3. “Which of the
following proven
benefits from native
plant outreach makes
you the most
interested in native
plant outreach?”
Participants select all
that apply from a list
of eight options.

Integrate messages such as:
“This was the most popular
Habitat Hero workshop series
maybe ever. We have
hundreds of people registered,
so people are excited about
doing more of this!”

Public After setting proximal goals in small groups, participants will be
commitment- invited to share one goal publicly with the rest of the workshop
making (Niemiec | attendees in the Zoom chat. An edited and condensed chat

et al., 2019) transcript will then be sent out to participants after the workshop
to help the group track what others committed to.

Injunctive Addressing Integrate messages such as: Invite participants to engage in
norms reputational “Some of us live in places outreach to audiences they
concerns (Jones | where you’re expected to already know are likely to be

& Niemiec, maintain a lawn in the front curious or receptive,

2020) yard. If that’s the case, no augmented by messages such
worries! You can have native | as: “People are actually much
plants alongside lawns, like in | more receptive to this than you
a garden bed at the front of the | might think — remember, it’s
house or the sides. And lots of | becoming increasingly
people who are worried about | common, so people are likely
what their neighbors might to be more used to seeing
think get really creative in these kinds of gardens around,
their backyards, where it’s even if they haven’t done it
their own private space.” themselves.”

Addressing NA. Explain to participants what

pluralistic pluralistic ignorance is, and

ignorance how it can lead people to

(Geiger & Swim “self-silence” even in

2016) situations when both they and
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their audience share an interest
or belief.

Facilitating
group
communication
and expectation
setting (Niemiec
et al., 2019)

Provide time in breakout groups for participants to share their
past experiences with native plant gardening and outreach,
discuss their proximal goals with one another, and build a sense
of how confident the group is about sharing vouchers and
designing native plant gardens. Supplement this with messages
throughout such as: “If you have questions over the coming
weeks, you can reach out to us, we’re here to help” and “Part of
feeling confident in yourself comes from knowing that there’s a
supportive community of like-minded people who are also
planting native plants and talking about native plants — you are
not alone!”

Additional Results

Description of the Sample

On average, attendees had been living on their properties (rented or owned) for longer

(mean = 13 years vs. 11 years) than non-attendees, and a smaller percentage of attendees had

recently moved to their property (i.e., lived there for less than a year) than non-attendees.

Slightly more workshop attendees had previously engaged in planting for wildlife (86%),

planting native plants (85%), and encouraging others to plant native plants (80%) compared to

non-attendees (80%, 79%, and 75% respectively). In comparison to non-attendees, a higher

percentage of attendees had also attended previous events hosted by Audubon Rockies.

Table S3 Adjusted Regression with Clustered Standard Errors for Post-Workshop

Diffusion Intention

B SE p  95%ClI

Treatment

Pre-Diff. Intention

Diff. Descriptive Norm

Ind. Descriptive Norm

Diff. Self-Efficacy

Ind. Self-Efficacy

Diff. Env. Response Efficacy
Ind. Env. Response Efficacy
Diff. Soc. Response Efficacy

0.03 0.07 .68 -0.11 0.16
0.20 0.05 .00 0.11 0.29
0.02 0.04 .54 -0.05 0.10
-0.03 0.03 .33 -0.08 0.03
0.00 0.03 .93 -0.07 0.06
0.10 0.03 .00 0.04 0.16
0.00 0.05 .93 -0.10 0.09
0.06 0.06 .31 -0.06 0.19
-0.03 0.04 .56 -0.11 0.06
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Ind. Soc. Response Efficacy 0.11 0.04 .01 0.02 0.19
Diff. Injunctive Norm (sanctioning) 0.04 0.03 .25 -0.02 0.09
Diff. Dynamic Norm -0.02 0.05 .69 -0.11 0.07
Ind. Dynamic Norm 0.00 0.05 97 -0.09 0.10
Diff. Injunctive Norm (supportive)  0.07 0.04 .12 -0.02 0.15
Ind. Injunctive Norm (supportive) 0.03 0.03 .33 -0.03 0.08

Diff. Personal Norm 0.11 005 .04 000 0.22
Ind. Personal Norm -0.06 0.06 .35 -0.17 0.06
Diff. Attitude 043 0.06 .00 032 0.55
Ind. Attitude -0.24 0.09 .01 -042 -0.07
Knowledge 0.03 0.06 .58 -0.09 0.15
Diff. Previous Behavior 0.12 0.18 49 -023 048
Ind. Previous Behavior -0.05 0.09 .57 -0.22 0.12
Gender 0.01 0.07 91 -0.13 0.15

Ind. = individual/personal-sphere, Diff. = diffusion, Env. = environmental,
Soc. = Social, B = unstandardized coefficient; SE = standard error; CI = confidence interval.

Table S4. Adjusted Regression with Clustered Standard Errors for Two-month Follow-up
Diffusion Intention

B SE p  95%CI

Treatment -0.01 0.08 .92 -0.17 0.15
Pre-Diff. Intention 021 0.10 .04 0.01 0.40
Diff. Self-Efficacy -0.01 0.04 .86 -0.09 0.07
Ind. Self-Efficacy -0.01 0.05 .85 -0.11 0.09
Diff. Env. Response Efficacy 0.04 0.09 .61 -0.13 0.22
Diff. Soc. Response Efficacy -0.09 0.07 .19 -0.23 0.05
Ind. Soc. Response Efficacy 0.10 0.06 .08 -0.01 0.21

Diff. Injunctive Norm (sanctioning) 0.02 0.04 .65 -0.06 0.10
Diff. Injunctive Norm (supportive)  0.05 0.09 .57 -0.13 0.23
Ind. Injunctive Norm (supportive) 0.01 0.06 .85 -0.10 0.12

Diff. Personal Norm 0.00 0.10 .96 -0.19 0.18
Ind. Personal Norm 0.08 0.07 .29 -0.07 0.22
Diff. Attitude 0.39 0.13 .00 0.13 0.64
Knowledge -0.06 0.06 .26 -0.18 0.05
Diff. Prev. Behavior 0.02 0.16 .91 -0.29 0.33
Ind. Prev. Behavior 0.28 020 .15 -0.10 0.66
Ethnicity -0.13 024 .58 -0.61 0.34
Gender -0.04 0.15 .79 -0.34 0.26

Table S4. Adjusted Regression with Clustered Standard Errors for Self-Reported Voucher Sharing
(Indicator of Diffusion Behavior)

B SE p 95% CI
Treatment -0.07 023 .74 -0.52 0.37
Ind. Self-Efficacy -0.03 0.09 .71 -0.20 0.14
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Diff. Env. Response Efficacy -0.04 0.13 .76 -0.30 0.22
Diff. Injunctive Norm (sanctioning) 0.06 0.09 .48 -0.11 0.24
Ind. Dynamic Norm 0.09 0.08 .29 -0.08 0.25
Diff. Injunctive Norm (supportive)  0.02 0.09 .85 -0.16 0.19
Ind. Injunctive Norm (supportive) 0.11 0.08 .16 -0.04 0.27
Diff. Attitude 0.31 0.09 .00 0.12 0.49

Knowledge 0.09 0.14 .51 -0.18 0.37
Ind. = individual/personal-sphere, Diff. = diffusion, Env. = environmental,
B = unstandardized coefficient; SE = standard error; CI = confidence interval.

Table S4. Adjusted Regression with Clustered Standard Errors for Post-Workshop Individual Intention
B SE p 95% CI

Treatment -0.04 0.04 .33 -0.11 0.04
Pre-Ind. Intention 025 0.05 .00 0.15 0.35
Ind. Descriptive Norm 0.00 0.02 .80 -0.03 0.04
Diff. Self-Efficacy 0.02 0.01 .25 -0.01 0.05
Ind. Self-Efficacy 0.04 0.02 .04 0.00 0.09
Diff. Env. Response Efficacy 0.02 0.03 .52 -0.04 0.07
Ind. Env. Response Efficacy 0.05 0.05 .37 -0.06 0.15
Diff. Social Response Efficacy 0.03 0.02 .24 -0.02 0.07

Diff. Injunctive Norm (sanctioning) 0.02 0.03 .37 -0.03 0.07
Ind. Injunctive Norm (sanctioning)  0.00 0.01 .91 -0.02 0.02
Ind. Dynamic Norm -0.01 0.02 .74 -0.05 0.03
Diff. Injunctive Norm (supportive)  0.00 0.03 .95 -0.06 0.05
Ind. Injunctive Norm (supportive) 0.03 0.01 .09 0.00 0.05

Diff. Personal Norm -0.04 0.01 .00 -0.07 -0.02
Ind. Personal Norm 0.05 0.02 .02 0.01 0.09
Diff. Attitude 0.03 0.02 .23 -0.02 0.07
Ind. Attitude 0.03 0.05 .59 -0.07 0.12
Knowledge 0.01 0.02 .72 -0.04 0.05
Diff. Prev. Behavior -0.03 0.06 .65 -0.15 0.09
Ind. Prev. Behavior 0.05 0.06 .35 -0.06 0.16
Ethnicity -0.32 022 .15 -0.75 0.12

Ind. = individual/personal-sphere, Diff. = diffusion, Env. = environmental, Soc. = Social,
B = unstandardized coefficient; SE = standard error; CI = confidence interval.
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Registration / Pre-Workshop Survey

Personul—sphere Behavior: An individual action that is
accompiished in an individual’s persona\ sphere of

influence (ex. p|anting a native p[cmt around one's home) 12 Online Workshops (n =1 072)

Social Diffusion Behavior: A type of collective action
that spreads information or behaviors to others within a
social network (ex. encouraging others to plant native

Post-Workshop Survey

2 Month Follow-up Survey

Native Plant Voucher System

Participants were given vouchers to share with others and use themselves.
Vouchers served as indicators of the two behaviors of interest.

llustration: Francie Saunders

Figure S2. Study Infographic
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Chapter 3

Table S1. Survey Measures

Variable

Measurement

Relevance

Subjective Knowledge

Attitude - Personal-sphere

Attitude - Social diffusion

Attitude - Civic action

Positive outcomes - Personal-
sphere

Negative outcomes - personal-
sphere

Positive outcomes - country
/population level

Previous behavior - personal-
sphere

Previous behavior - social
diffusion

Previous behavior - civic action

Self-efficacy - social diffusion

Descriptive norm - social
diffusion

Injunctive (sanctioning) norm -
social diffusion

Personal norm - social diffusion

How much have you thought about native plant gardening in
general?

How knowledgeable do you feel about planting native plants?

Would you say your general attitude towards planting native
plants is positive, negative, or neutral?

Would you say your general attitude towards planting native
plants is positive, negative, or neutral?

Would you say your general attitude towards faking a civic action
(ex. voting, signing a petition, volunteering) to increase native
plants is positive, negative, or neutral?

Please check all of the answers below that you believe are true. If'/
take steps to plant more native plants around my home, it will...
(answers in survey)

Please check all of the answers below that you believe are true. If'/
take steps to plant more native plants around my home, it will...
(answers in survey)

Please check all of the answers below that you believe are true. If
people in the United States take steps to plant more native plants,
it will...(answers in survey)

Have you ever intentionally planted a native plant around your
home?

Have you ever encouraged someone else to plant native plants
around their home?

Have you ever taken a civic action (ex. voting, signing a petition,
volunteering) to increase native plants in your community?

I wouldn't be able to have a good discussion about planting native
plants with my community members. (REVERSED)

Most people in my community have encouraged others to plant
native plants.

Most people would disapprove of me advocating for native plant
gardening in my community.

I feel a moral obligation to encourage others to garden with native
plants.
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Dynamic norm - social diffusion

Moral exporting

Self-efficacy - civic action

Descriptive norm - civic action

Injunctive (sanctioning) norm -
civic action

Personal norm - civic action

Dynamic norm - civic action

Self-efficacy - personal sphere

Descriptive norm - personal
sphere

Injunctive (sanctioning) norm -
personal sphere

Personal norm (moral norm) -
personal sphere
Dynamic norm - personal sphere

Space for native plants

Importance of native plants

Habitual action - personal-sphere

Habitual action - social diffusion

Habitual action - civic action

In recent years, more people in my community have begun
encouraging others to garden with native plants.

I am willing to try to influence the behavior of my family and
friends to more closely align with my own views on issues I care
about.

I have the skills and knowledge to take a civic action to increase
native plants in my community.

Most people in my community have taken civic actions to increase
native plants.

Most people would disapprove of me participating in civic actions
to increase native plants.

I feel a moral obligation to take civic actions to increase native
plants.

In recent years, more people in my community have begun taking
civic actions to increase native plants.

I have the skills and knowledge to plant native plants around my
home.

Most people in my community have planted native plants around
their homes.

People I know in my community disapprove of me replacing lawn
with native plants around my home.

I feel a moral obligation to plant native plants around my home.

In recent years, more people in my community have begun
planting native plants around their homes.

How much space do you have to plant native plants around your
home?

If you had the chance to plant a plant around your home, how
important to you would it be that it is a native plant?

How often do you participate in the following actions? - Choose
native plants to plant around your home

How often do you participate in the following actions? -
Encourage others to plant native plants

How often do you participate in the following actions? - Partake in
civic action (ex. voting, signing a petition, volunteering) to
increase native plants in your community
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Behavioral intention - personal-
sphere

Behavioral intention - social
diffusion

Behavioral intention - civic action

Environmental Response Efficacy
— personal sphere

Environmental response efficacy -
social diffusion

Environmental response efficacy -
civic action

Collective environmental response
efficacy - personal-sphere

Collective environmental response
efficacy - social diffusion

Collective environmental response
efficacy - civic action

Issue Concern - biodiversity loss

Issue Concern - water scarcity

Issue Concern -
Pesticide/chemical exposure

Issue importance - biodiversity
loss

Issue importance - water scarcity

Issue importance -
pesticide/chemical exposure

Previous civic behavior

Behavioral Intention w/
Information - social diffusion

In the next year, how likely are you to plant native plants around
your home?

In the next year, how likely are you to encourage someone else to
plant native plants?

In the next year, how likely are you to take a civic action to
increase native plants in your community?

If you planted native plants around your home, how much would
you help the environment?

If you encouraged others to plant native plants, how much would
you help the environment?

If you took civic action to increase native plants, how much would
you help the environment?

If most people in the US planted native plants around their home,
how much would it help the environment?

If most people in the US encouraged others to plant native plants,
how much would it help the environment?

If most people in the US took civic action to increase native
plants, how much would it help the environment?

How worried are you about the following issues? - Biodiversity
loss (ex. decline/extinction of species on Earth)

How worried are you about the following issues? - Water scarcity
(ex. lack of access to safe water supplies)

How worried are you about the following issues? -
Pesticide/chemical exposure (ex. humans interacting with
substances that can cause health problems)

How important are the following issues to you personally? -
Biodiversity loss (ex. decline/extinction of species on Earth)

How important are the following issues to you personally? - Water
scarcity (ex. lack of access to safe water supplies)

How important are the following issues to you personally? -
Pesticide/chemical exposure (ex. humans interacting with
substances that can cause health problems)

Which, if any, of the following have you done in the past 12
months? (Select all that apply)

If given information about the benefits of native plant gardening to
share, how likely would you be to reach out to others with this
information?
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Environmental/Climate Identity
Environmental/Climate Identity
Environmental/Climate Identity

Introversion

Extroversion

Education

Political identity

Rent/Own

Income

Race / Ethnicity
Sexual orientation
Religion

Current state
Previous States
Childhood State
Current Ecoregion

Previous Ecoregions

I feel connected to the climate movement.
I see myself as an environmentalist.
I consider myself a climate activist.

How much do the following descriptions sounds like you? -
Someone who is a reserved, private person, doesn't like to draw
attention to themselves and can be shy around strangers.

How much do the following descriptions sounds like you? -
Someone who is talkative, outgoing, is comfortable around people,
but could be noisy and attention seeking.

What is your highest level of education?

Generally speaking, do you think of yourself as a... (Political
Party)

Do you rent or own your home?

What is your annual household income?

What is your race and ethnicity? (Select all that apply.)
What is your sexual orientation?

What is your religion?

Which state do you currently live in?

In the past 10 years, which state(s) have you lived in?

In which state did you spend the majority of your childhood?
Which ecoregion do you currently live in? (with map)

In the past 10 years, which ecoregion(s) have you lived in? (with
map)
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Figure S1. United EPA Level I Ecoregions*
*Generated with data from EPA.gov
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