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A B S T R A C T   

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 con
ducted a survey of single-family households (n = 337) using an expanded Integrated Model of Behavioral Pre
diction 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 pre
dict 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 rela
tionship between diffusion intentions and successful diffusion behavior.   

Research has examined how social-psychological factors, such as 
attitudes, beliefs, and norms, drive individual pro-environmental be
haviors such as household energy or water conservation (Bamberg & 
Möser, 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). 

1. 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 be
haviors 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, in review). At
tempts 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- 
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environmental behaviors (PEBs) to less-engaged audiences (Ma et al., 
2012; McKiernan, 2017; Rogers, 2003; Snyder & Broderick, 1992) and 
activate or reinforce norms encouraging PEBs. There is a growing body 
of literature on the effectiveness of diffusion behaviors on environ
mental 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 partici
pation in diffusion behaviors have pointed to the role of social norms 
and efficacy (Geiger et al., 2017; Lubell et al., 2007; Niemiec et al., 2016, 
2018; Swim et al., 2014; Swim & Fraser, 2014). For example, the po
tential 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 environ
mental 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 informa
tion 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 in
fluence 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 in
dividual 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 indi
vidual behavior (Geiger & Swim, 2016). Social norms may be particu
larly 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, environmen
tally 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. 

1.1. 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 behav
ioral intentions (See Fig. 1; 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 addi
tional 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., 
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 in
fluence 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. 

This study also sought to understand the influence of demographic 
versus social-psychological variables from our expanded IMPB in pre
dicting 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 in
tentions to engage in PEB (Brécard et al., 2009; López-Mosquera et al., 
2015; Saphores et al., 2012). While understanding the impact of de
mographics 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. 

1.2. Intention-behavior gap 

In addition to examining unique drivers of individual and diffusion 
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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 & Möser, 2007; Carrington et al., 2010; Whitburn et al., 
2020). Bamberg and Möser (2007), for example, found a pooled corre
lation of .52 between intention and behavior. Whether the 
intention-behavior gap is smaller or larger for diffusion versus individ
ual behaviors remains unknown. 

It is possible that certain variables moderate the relationship be
tween 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 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. 

1.3. 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 & War
ren, 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 en
counters 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., at
titudes, 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; 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: 

Fig. 1. Full model (extended IMBP + demographics).  
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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 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 mod
erate the gap between individual and diffusion intention and in
dicators 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. 

2. Methods 

2.1. 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 2000 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 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 pre
dictor 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 Online Appendices for detailed description of sample 
demographics). 

2.2. 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 Online Appendices 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 (Fig. 1; see Online 
Appendices 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 knowledge was the only predictor that did not include 
individual and diffusion-specific measures (see Online Appendices). 

We measured attitudes towards native plant gardening (i.e., indi
vidual 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, environ
mental 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 influ
ence 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 people’s 
behavior), adapted from Niemiec et al. (2019). We also measured dy
namic norm items (i.e., perceptions of whether the prevalence of a 
behavior is changing over time), for both individual and diffusion be
haviors, 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). 

2.3. 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 con
ditions and mailed informational packets about native plant gardening 
with vouchers to purchase native plants at local nurseries. Each partic
ipant received one individual $10 voucher to buy a native plant for their 
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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 pur
chase 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 diffu
sion voucher use between the different experimental messaging groups. 
For the present article, we therefore did not separate voucher usage by 
message condition when examining voucher use by the survey partici
pants. We used binary metrics of individual and diffusion voucher use as 
indicators for actual individual and diffusion behavior, respectively. 

2.4. Data analysis 

To handle missing data, we conducted median and mode imputation 
using the “imputeMissings” package in R before running LASSO re
gressions (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 (RQ1). We also ran a complete-case analysis as a sensitivity 
analysis to validate the imputed regression tables (i.e., determine con
sistency of regression outputs; see Online Appendices). 

We used the extended IMBP model (i.e., the diffusion-specific and 
individual-behavior-specific social-psychological variables) plus de
mographic 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 vari
ables differentially predicted individual and diffusion intentions. Checks 
for multicollinearity indicated that the predictors for each model were 
not highly correlated (r < .50). To determine the relationship between 
behavioral intentions and indicators of actual behavior (RQ2), we con
ducted two binary logistic 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 detect
able effects (MDE) for the coefficients in our LASSO-selected regressions 
(see Additional Methods in Online Appendices for further description). 

3. Results 

3.1. 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 (β = 0.33 p = .02), individual per
sonal norm (β = 0.26, p < .001), individual attitude (β = 0.17, p = .02), 
and knowledge (β = 0.17, p = .03). Diffusion descriptive norm (β =

−0.17, p = .01) and age (β = −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 0.05 level: 
individual self-efficacy (β = 0.15, p = .06), individual descriptive norm 
(β = 0.12, p = .07), individual social response efficacy (β = 0.11, p =
.09), and diffusion injunctive norm (β = 0.10, p = .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 Online 
Appendices). 

3.2. Diffusion intention 

The diffusion intention model (LASSO-selected predictors from 
extended IMBP and demographics) had a strong goodness-of-fit for 

Table 1 
LASSO coefficients and OLS regression for individual intention.   

LASSO OLS 

β 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 0.26 0.07 <.001 −0.12 −0.40 
Ind. Attitude 0.16 0.17 0.07 .02 0.03 0.32 
Own Home 0.22 0.33 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 R2  .36 

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

Table 2 
LASSO coefficients and OLS regression for diffusion intention.   

LASSO OLS 

β SE p 95% CI 

Knowledge 0.20 0.21 0.05 <.001 0.12 0.31 
Diff. Self-Efficacy 0.05 0.13 0.05 .01 0.03 0.22 
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 0.24 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 R2  .64 

Ind. = individual, Diff. = diffusion, Env. = environmental, β = standardized 
coefficient; SE = standard error; CI = confidence interval. 
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behavioral studies (adjusted R2 = 0.64, see Table 2). The strongest 
predictors of diffusion intention were diffusion attitude (β = 0.30, p <
.001), individual attitude (β = 0.25, p < .001), and diffusion personal 
norm (β = 0.24, p < .001), followed by knowledge (β = 0.21, p < .001) 
and diffusion self-efficacy (β = 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 (β = −0.41, p = .01) as a 
significant predictor at the 0.05 alpha level (see Online Appendices), 
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. 

3.3. Linking intentions and predictors to indicators of behavior 

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, β = 0.44, SE = 0.15, p = .004) and diffusion intention significantly 
predicted diffusion voucher use (Odds Ratio = 1.56, CI = 1.14, 2.17, β =
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 cou
pons 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 re
cipients (see Online Appendices). Our logistic regressions with LASSO- 
selected variables predicting indicators of behavior found that only 
education predicted individual voucher use (β = 0.43, SE = 0.20, p =
.03) and only age predicted diffusion voucher use (β = 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. 

3.4. 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 Online 
Appendices). However, the relationship between diffusion intention and 
diffusion coupon use was moderated by diffusion-specific self-efficacy 
(β = 0.42, p = .02) and subjective knowledge about native plants (β =
0.44, p = .03). Our post-hoc power analyses for the moderation analyses 
revealed that we had enough power (1-β > 0.80) 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 dis
agreed 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, β 
= 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, CI =
1.48, 9.72, β = 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. 

4. Discussion 

Motivating diffusion pro-environmental behaviors (PEBs) has the 
potential to enhance the speed and scale of conservation action adop
tion. Few studies, however, have examined the different drivers of 
diffusion behavior compared to individual behavior. We examined 
whether 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., sub
jective knowledge and attitude toward native plant gardening) pre
dicted 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 in
tentions 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 Integra
tive 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 
Möser (2007). Analyzing studies that predicted pro-environmental 
behavioral intention, the authors found the overall effects of personal 
norm (β = 0.29), attitude (β = 0.29), social norm (β = 0.26), and 
perceived behavioral control (β = 0.31; a concept that grew out of 
Bandura’s work on self-efficacy (Ajzen, 2002)). Our diffusion model’s 
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 (β = 0.13–0.16) found in Bamberg and Möser 
(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 
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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 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 intro
ducing 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 specific social-psychological variables 
should predict individual behavior, while only diffusion-specific 
social-psychological variables should predict diffusion behavior. How
ever, we found that while some social-psychological variables appear to 
be behavior-specific, other variables predict both individual and diffu
sion behavior intentions. Specifically, we found attitude towards an 
individual behavior and knowledge about an individual behavior pre
dict both individual and diffusion intentions. Personal norms and 
self-efficacy, on the other hand, appear to be behavior-specific pre
dictors; 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 assump
tion 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 psycho
logical 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 (β = 0.44 for each) and beta 
coefficients were in line with the pooled correlation between intention 
and behavior found in Bamberg and Möser’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 Online Appendices). 

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 indi
cator 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 in
tervals, so there is uncertainty in our estimates. Furthermore, de
mographics cannot be changed, and they are primarily useful for 
audience segmentation for outreach, so we caution against using de
mographics 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 in
tentions because older individuals typically have more time and re
sources 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. 

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 knowl
edge 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 will
ingness to engage in native plant gardening diffusion behaviors (Nie
miec 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 

V.M. Champine et al.                                                                                                                                                                                                                          



Journal of Environmental Psychology 81 (2022) 101798

8

behavior they are trying to diffuse through social networks. Future 
studies could also use qualitative methods or social-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, indi
vidual 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 diffu
sion may provide a larger barrier to diffusion behavior. For example, a 
recent meta-analysis found that personal norms may more strongly in
fluence 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 character
istics 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 exam
ining 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 ac
tivities during the first couple months of the COVID-19 pandemic, the 
odds of reporting gardening behaviors were higher for female partici
pants (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. 

5. Conclusion 

Being able to effectively influence adoption and dissemination of 
PEB is critical for addressing large-scale and urgent environmental is
sues 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 in
tentions. 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 rela
tionship. 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 critical for 
practitioners promoting diffusion to achieve more widespread biodi
versity conservation and environmental stewardship. 
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of demand for green products: An application to eco-label demand for fish in Europe. 
Ecological Economics, 69(1), 115–125. https://doi.org/10.1016/j. 
ecolecon.2009.07.017 

Bright, A. D., & Manfredo, M. J. (1996). A conceptual model of attitudes toward natural 
resource issues: A case study of wolf reintroduction. Human Dimensions of Wildlife, 1 
(1), 1–21. https://doi.org/10.1080/10871209609359048 

Burger, J. M., Messian, N., Patel, S., del Prado, A., & Anderson, C. (2004). What a 
coincidence! the effects of incidental similarity on compliance.  Personality and Social 
Psychology Bulletin, 30, 35–43. 

Burn, S. M. (1991). Social psychology and the stimulation of recycling behaviors: The 
block leader approach. Journal of Applied Social Psychology, 21(8), 611–629. https:// 
doi.org/10.1111/j.1559-1816.1991.tb00539.x 

Byerly, H., Balmford, A., Ferraro, P. J., Hammond Wagner, C., Palchak, E., Polasky, S., 
Ricketts, T. H., Schwartz, A. J., & Fisher, B. (2018). Nudging pro-environmental 
behavior: Evidence and opportunities. Frontiers in Ecology and the Environment, 16(3), 
159–168. https://doi.org/10.1002/fee.1777 

Carrico, A. R., Fraser, J., & Bazuin, J. T. (2013). Green with envy: Psychological and 
social predictors of lawn fertilizer application. Environment and Behavior, 45(4), 
427–454. https://doi.org/10.1177/0013916511434637 

Carrico, A. R., & Riemer, M. (2011). Motivating energy conservation in the workplace: 
An evaluation of the use of group-level feedback and peer education | Elsevier 
Enhanced Reader. Journal of Environmental Psychology, 31, 1–13. https://doi.org/ 
10.1016/j.jenvp.2010.11.004 

Carrington, M. J., Neville, B. A., & Whitwell, G. J. (2010). Why ethical consumers don’t 
walk their Talk: Towards a framework for understanding the gap between the ethical 
purchase intentions and actual buying behaviour of ethically minded consumers. 
Journal of Business Ethics, 97(1), 139–158. https://doi.org/10.1007/s10551-010- 
0501-6 

Chetverikov, D., Zhipeng, L., & Victor, C. (2021). On cross-validated Lasso in high 
dimensions. Annals of Statistics, 49(3), 1300–1317. https://doi.org/10.1214/20- 
AOS2000 

Cialdini, R. B. (2001). The science of persuasion. Scientific American, 284(2), 76–81. 
Clayton, S. (2007). Domesticated nature: Motivations for gardening and perceptions of 

environmental impact. Journal of Environmental Psychology, 27(3), 215–224. https:// 
doi.org/10.1016/j.jenvp.2007.06.001 

Cook, E. M., Hall, S. J., & Larson, K. L. (2012). Residential landscapes as social-ecological 
systems: A synthesis of multi-scalar interactions between people and their home 
environment. Urban Ecosystems, 15(1), 19–52. https://doi.org/10.1007/s11252-011- 
0197-0 

Digby, C. L. B. (2013). The influences of socio-demographic factors, and non-formal and 
informal learning participation on adult environmental behaviors. International 
Electronic Journal of Environmental Education, 3(1), 37–55. 

Farrow, K., Grolleau, G., & Ibanez, L. (2017). Social norms and pro-environmental 
behavior: A review of the evidence. Ecological Economics, 140(C), 1–13. https://doi. 
org/10.1016/j.ecolecon.2017.04.017 

Ferraro, P. J., & Price, M. K. (2013). Using nonpecuniary strategies to influence behavior: 
Evidence from a large-scale field experiment. The Review of Economics and Statistics, 
95(1), 64–73. https://doi.org/10.1162/REST_a_00344 

Fischer, A., Selge, S., van der Wal, R., & Larson, B. M. H. (2014). The public and 
professionals reason similarly about the management of non-native invasive species: 
A quantitative investigation of the relationship between beliefs and attitudes. PLoS 
One, 9(8), Article e105495. https://doi.org/10.1371/journal.pone.0105495 

Fishbein, M., Hennessy, M., Yzer, M., & Douglas, J. (2003). Can we explain why some 
people do and some people do not act on their intentions? Psychology Health & 
Medicine, 8(1), 3–18. https://doi.org/10.1080/1354850021000059223 

Fishbein, M., & Yzer, M. C. (2003). Using theory to design effective health behavior 
interventions. Communication Theory, 13(2), 164–183. https://doi.org/10.1111/ 
j.1468-2885.2003.tb00287.x 

Frank, L. B., Chatterjee, J. S., Chaudhuri, S. T., Lapsansky, C., Bhanot, A., & Murphy, S. T. 
(2012). Conversation and compliance: Role of interpersonal discussion and social 
norms in public communication campaigns. Journal of Health Communication, 17(9), 
1050–1067. https://doi.org/10.1080/10810730.2012.665426 

Friedman, J., Hastie, T., & Tibshirani, R. (2010). Regularization paths for generalized 
linear models via coordinate descent. Journal of Statistical Software, 33(1), 1–22. 

Fritsche, I., Barth, M., Jugert, P., Masson, T., & Reese, G. (2018). A social identity model 
of pro-environmental action (SIMPEA). Psychological Review, 125(2), 245–269. 
https://doi.org/10.1037/rev0000090 

Garbuzov, M., & Ratnieks, F. L. W. (2014). Quantifying variation among garden plants in 
attractiveness to bees and other flower-visiting insects. Functional Ecology, 28(2), 
364–374. https://doi.org/10.1111/1365-2435.12178 

Geiger, N., & Swim, J. K. (2016). Climate of silence: Pluralistic ignorance as a barrier to 
climate change discussion. Journal of Environmental Psychology, 47, 79–90. https:// 
doi.org/10.1016/j.jenvp.2016.05.002 

Geiger, N., Swim, J. K., & Fraser, J. (2017). Creating a climate for change: Interventions, 
efficacy and public discussion about climate change. Journal of Environmental 
Psychology, 51, 104–116. https://doi.org/10.1016/j.jenvp.2017.03.010 

Gill, R. J., Baldock, K. C. R., Brown, M. J. F., Cresswell, J. E., Dicks, L. V., Fountain, M. T., 
Garratt, M. P., Gough, L. A., Heard, M. S., Holland, J. M., Ollerton, J., Stone, G. N., 
Tang, C. Q., Vanbergen, A. J., Vogler, A. P., Woodward, G., Arce, A. N., 
Boatman, N. D., Brand Hardy, R., Breeze, T. D., Green, M., Hartfield, C. M., 
O’Connor, R. S., Osborne, J. L., Phillips, J., Sutton, P. B., & Potts, S. G. (2016). 
Protecting an ecosystem service. In , Vol. 54. Advances in ecological research (pp. 
135–206). Elsevier. https://doi.org/10.1016/bs.aecr.2015.10.007.  

Gillis, A. J., & Swim, J. K. (2020). Adding native plants to home landscapes: The roles of 
attitudes, social norms, and situational strength. Journal of Environmental Psychology, 
72, 101519. https://doi.org/10.1016/j.jenvp.2020.101519 

Goddard, M. A., Dougill, A. J., & Benton, T. G. (2010). Scaling up from gardens: 
Biodiversity conservation in urban environments. Trends in Ecology & Evolution, 25 
(2), 90–98. https://doi.org/10.1016/j.tree.2009.07.016 

Goddard, M. A., Dougill, A. J., & Benton, T. G. (2013). Why garden for wildlife? Social 
and ecological drivers, motivations and barriers for biodiversity management in 
residential landscapes. Ecological Economics, 86, 258–273. https://doi.org/10.1016/ 
j.ecolecon.2012.07.016 

Goldberg, M. H., van der Linden, S., Maibach, E., & Leiserowitz, A. (2019). Discussing 
global warming leads to greater acceptance of climate science. Proceedings of the 
National Academy of Sciences, 116(30), 14804–14805. https://doi.org/10.1073/ 
pnas.1906589116 

Graham-Rowe, E., Jessop, D. C., & Sparks, P. (2015). Predicting household food waste 
reduction using an extended theory of planned behaviour. Resources, Conservation 
and Recycling, 101, 194–202. https://doi.org/10.1016/j.resconrec.2015.05.020 

Green, D. P., & McClellan, O. A. (2020). Turnout nation: A pilot experiment Evaluating a get- 
out-the-vote “supertreatment.” turnout nation. https://www.turnoutnation.org/th 
ereport. 

Groce, J. E., Farrelly, M. A., Jorgensen, B. S., & Cook, C. N. (2019). Using social-network 
research to improve outcomes in natural resource management. Conservation Biology, 
33(1), 53–65. https://doi.org/10.1111/cobi.13127 

Groves, R. M., Presser, S., & Dipko, S. (2004). The role of topic interest in survey 
participation decisions. Public Opinion Quarterly, 68(1), 2–31. https://doi.org/ 
10.1093/poq/nfh002 

Hamann, K. R. S., & Reese, G. (2020). My influence on the world (of others): Goal 
efficacy beliefs and efficacy affect predict private, public, and activist pro- 
environmental behavior. Journal of Social Issues, 76(1), 35–53. https://doi.org/ 
10.1111/josi.12369 

Hassan, L. M., Shiu, E., & Shaw, D. (2016). Who says there is an intention–behaviour 
gap? Assessing the empirical evidence of an intention–behaviour gap in ethical 
consumption. Journal of Business Ethics, 136(2), 219–236. https://doi.org/10.1007/ 
s10551-014-2440-0 

Hirt, S. A. (2015). Zoned in the USA. In Zoned in the USA. Cornell University Press. 
https://www.degruyter.com/document/doi/10.7591/9780801454714/html.  

Howell, A. P., Shaw, B. R., & Alvarez, G. (2015). Bait shop owners as opinion leaders: A 
test of the theory of planned behavior to predict pro-environmental outreach 
behaviors and intentions. Environment and Behavior, 47(10), 1107–1126. https://doi. 
org/10.1177/0013916514539684 

Hurd, B. H., St Hilaire, R., & White, J. M. (2006). Residential landscapes, homeowner 
attitudes, and water-wise choices in New Mexico. HortTechnology, 16(2), 241–246. 
https://doi.org/10.21273/HORTTECH.16.2.0241 

Jones, M., & Niemiec, R. (in review). Motivating social diffusion behavior to scale the 
conservation movement. 

Jones, M. S., & Niemiec, R. M. (2020). Social-psychological correlates of personal-sphere 
and diffusion behavior for wildscape gardening. Journal of Environmental 
Management, 276, 111271. https://doi.org/10.1016/j.jenvman.2020.111271 

V.M. Champine et al.                                                                                                                                                                                                                          

https://doi.org/10.1093/bmb/ldy021
https://doi.org/10.1093/bmb/ldy021
https://doi.org/10.1111/j.1559-1816.2002.tb00236.x
http://refhub.elsevier.com/S0272-4944(22)00043-3/sref4
http://refhub.elsevier.com/S0272-4944(22)00043-3/sref4
https://doi.org/10.1080/14792779943000116
https://doi.org/10.1080/14792779943000116
https://doi.org/10.1126/science.aal1931
https://doi.org/10.1016/S0272-4944(02)00078-6
https://doi.org/10.1016/j.jenvp.2006.12.002
https://doi.org/10.1016/j.jenvp.2006.12.002
http://refhub.elsevier.com/S0272-4944(22)00043-3/sref9
http://refhub.elsevier.com/S0272-4944(22)00043-3/sref9
http://refhub.elsevier.com/S0272-4944(22)00043-3/sref10
http://refhub.elsevier.com/S0272-4944(22)00043-3/sref10
https://doi.org/10.1037/0022-3514.41.3.586
https://doi.org/10.1007/s11252-020-01005-2
https://doi.org/10.1007/s11252-020-01005-2
https://doi.org/10.1080/01426397.2016.1267721
https://doi.org/10.1016/j.resconrec.2014.12.004
https://doi.org/10.1016/j.resconrec.2014.12.004
https://doi.org/10.1016/j.ecolecon.2009.07.017
https://doi.org/10.1016/j.ecolecon.2009.07.017
https://doi.org/10.1080/10871209609359048
http://refhub.elsevier.com/S0272-4944(22)00043-3/sref17
http://refhub.elsevier.com/S0272-4944(22)00043-3/sref17
http://refhub.elsevier.com/S0272-4944(22)00043-3/sref17
https://doi.org/10.1111/j.1559-1816.1991.tb00539.x
https://doi.org/10.1111/j.1559-1816.1991.tb00539.x
https://doi.org/10.1002/fee.1777
https://doi.org/10.1177/0013916511434637
https://doi.org/10.1016/j.jenvp.2010.11.004
https://doi.org/10.1016/j.jenvp.2010.11.004
https://doi.org/10.1007/s10551-010-0501-6
https://doi.org/10.1007/s10551-010-0501-6
https://doi.org/10.1214/20-AOS2000
https://doi.org/10.1214/20-AOS2000
http://refhub.elsevier.com/S0272-4944(22)00043-3/sref25
https://doi.org/10.1016/j.jenvp.2007.06.001
https://doi.org/10.1016/j.jenvp.2007.06.001
https://doi.org/10.1007/s11252-011-0197-0
https://doi.org/10.1007/s11252-011-0197-0
http://refhub.elsevier.com/S0272-4944(22)00043-3/sref28
http://refhub.elsevier.com/S0272-4944(22)00043-3/sref28
http://refhub.elsevier.com/S0272-4944(22)00043-3/sref28
https://doi.org/10.1016/j.ecolecon.2017.04.017
https://doi.org/10.1016/j.ecolecon.2017.04.017
https://doi.org/10.1162/REST_a_00344
https://doi.org/10.1371/journal.pone.0105495
https://doi.org/10.1080/1354850021000059223
https://doi.org/10.1111/j.1468-2885.2003.tb00287.x
https://doi.org/10.1111/j.1468-2885.2003.tb00287.x
https://doi.org/10.1080/10810730.2012.665426
http://refhub.elsevier.com/S0272-4944(22)00043-3/sref35
http://refhub.elsevier.com/S0272-4944(22)00043-3/sref35
https://doi.org/10.1037/rev0000090
https://doi.org/10.1111/1365-2435.12178
https://doi.org/10.1016/j.jenvp.2016.05.002
https://doi.org/10.1016/j.jenvp.2016.05.002
https://doi.org/10.1016/j.jenvp.2017.03.010
https://doi.org/10.1016/bs.aecr.2015.10.007
https://doi.org/10.1016/j.jenvp.2020.101519
https://doi.org/10.1016/j.tree.2009.07.016
https://doi.org/10.1016/j.ecolecon.2012.07.016
https://doi.org/10.1016/j.ecolecon.2012.07.016
https://doi.org/10.1073/pnas.1906589116
https://doi.org/10.1073/pnas.1906589116
https://doi.org/10.1016/j.resconrec.2015.05.020
https://www.turnoutnation.org/thereport
https://www.turnoutnation.org/thereport
https://doi.org/10.1111/cobi.13127
https://doi.org/10.1093/poq/nfh002
https://doi.org/10.1093/poq/nfh002
https://doi.org/10.1111/josi.12369
https://doi.org/10.1111/josi.12369
https://doi.org/10.1007/s10551-014-2440-0
https://doi.org/10.1007/s10551-014-2440-0
https://www.degruyter.com/document/doi/10.7591/9780801454714/html
https://doi.org/10.1177/0013916514539684
https://doi.org/10.1177/0013916514539684
https://doi.org/10.21273/HORTTECH.16.2.0241
https://doi.org/10.1016/j.jenvman.2020.111271


Journal of Environmental Psychology 81 (2022) 101798

10

Jones, M. S., Teel, T. L., Solomon, J., & Weiss, J. (2021). Evolving systems of pro- 
environmental behavior among wildscape gardeners. Landscape and Urban Planning, 
207, 104018. https://doi.org/10.1016/j.landurbplan.2020.104018 

Kallgren, C. A., Reno, R. R., & Cialdini, R. B. (2000). A focus theory of normative 
conduct: When norms do and do not affect behavior. Personality and Social Psychology 
Bulletin, 26(8), 1002–1012. https://doi.org/10.1177/01461672002610009 

Kan, M. P. H., & Fabrigar, L. R. (2017). Theory of planned behavior. In V. Zeigler-Hill, & 
T. K. Shackelford (Eds.), Encyclopedia of personality and individual differences (pp. 
1–8). Springer International Publishing. https://doi.org/10.1007/978-3-319-28099- 
8_1191-1.  

Kiesling, F. M., & Manning, C. M. (2010). How green is your thumb? Environmental 
gardening identity and ecological gardening practices. Journal of Environmental 
Psychology, 30(3), 315–327. https://doi.org/10.1016/j.jenvp.2010.02.004 

Kim, H., Lee, E.-J., & Hur, W.-M. (2012). The mediating role of norms in the relationship 
between green identity and purchase intention of eco-friendly products. Human 
Ecology Review, 19(2), 125–135. 

Klein, A.-M., Vaissière, B. E., Cane, J. H., Steffan-Dewenter, I., Cunningham, S. A., 
Kremen, C., & Tscharntke, T. (2007). Importance of pollinators in changing 
landscapes for world crops. Proceedings of the Royal Society B: Biological Sciences, 274 
(1608), 303–313. https://doi.org/10.1098/rspb.2006.3721 

Kollmuss, A., & Agyeman, J. (2002). Mind the Gap: Why do people act environmentally 
and what are the barriers to pro-environmental behavior? Environmental Education 
Research, 8(3), 239–260. https://doi.org/10.1080/13504620220145401 

Kurz, T., & Baudains, C. (2012). Biodiversity in the front yard: An investigation of 
landscape preference in a domestic urban context. Environment and Behavior, 44(2), 
166–196. https://doi.org/10.1177/0013916510385542 

Lange, F. (2018). The pro-environmental behavior task: A laboratory measure of actual 
pro-environmental behavior. Journal of Environmental Psychology, 9. 

Lapinski, M. K., & Rimal, R. N. (2005). An explication of social norms. Communication 
Theory, 15(2), 127–147. https://doi.org/10.1111/j.1468-2885.2005.tb00329.x 

Larsen, L., & Harlan, S. (2006). Desert dreamscapes: Residential landscape preference 
and behavior. Landscape and Urban Planning, 78(1–2), 85–100. https://doi.org/ 
10.1016/j.landurbplan.2005.06.002 

Larson, K. L., Hoffman, J., & Ripplinger, J. (2017). Legacy effects and landscape choices 
in a desert city. Landscape and Urban Planning, 165, 22–29. https://doi.org/10.1016/ 
j.landurbplan.2017.04.014 

Lerman, S. B., & Warren, P. S. (2011). The conservation value of residential yards: 
Linking birds and people. Ecological Applications, 21(4), 1327–1339. https://doi.org/ 
10.1890/10-0423.1 

Lischka, S. A., Teel, T. L., Johnson, H. E., Reed, S. E., Breck, S., Don Carlos, A., & 
Crooks, K. R. (2018). A conceptual model for the integration of social and ecological 
information to understand human-wildlife interactions. Biological Conservation, 225, 
80–87. https://doi.org/10.1016/j.biocon.2018.06.020 

Li, D., Zhao, L., Ma, S., Shao, S., & Zhang, L. (2019). What influences an individual’s pro- 
environmental behavior? A literature review. Resources, Conservation and Recycling, 
146, 28–34. https://doi.org/10.1016/j.resconrec.2019.03.024 
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