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Putting your money where your mouth is: An experimental test of pro-environmental spillover
from reducing meat consumption to monetary donations

Policies promoting voluntary behavior change are one of several strategies (e.g.,
command and control tactics, price-based approaches) that can be used to mitigate human
impacts on the environment. Now more than ever, in the wake of stalled efforts to enact climate
change policy in the United States, individual behavior change is as an opportunity to reduce
greenhouse gas emissions (Dietz, Gardner, Gilligan, Stern, & Vandenbergh, 2009; Sovacool,
2014; Vandenbergh, Barkenbus, & Gilligan, 2008). As such, members of the general public are
routinely asked to take steps to reduce their impact on the environment. Despite this, we know
relatively little about the consistency of environmentally significant behaviors over time and
under what conditions individuals are willing to engage in persistent efforts to limit their impact
on the environment. When we successfully “nudge” an individual to adopt a green behavior, can
we view this as a win for the environment? Or are there secondary effects of behavior change
campaigns that may impact the ultimate success or failure of these efforts?
Researchers interested in environmental spillover have speculated on whether the effects
of behavioral interventions may extend beyond the immediately targeted behavior (Poortinga,
Whitmarsh, & Suffolk, 2013; Thøgersen, 1999; Truelove, Carrico, Weber, Raimi, &
Vandenbergh, 2014). The impacts on secondary behaviors can be positive or negative. Positive
spillover occurs when the adoption of an initial action increases the likelihood that an individual
will adopt a subsequent action; for example, a homeowner who purchases an electric vehicle and
then becomes more willing to invest in solar panels. On the other hand, negative spillover occurs
when the adoption of a green behavior renders an individual less likely to adopt a subsequent
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PEB. In this case, a person who purchased an electric vehicle would be less likely to invest in
solar panels, possibly feeling as though she has already ‘done her part’ for the environment.
The presence of positive or negative spillover could have profound impacts on the
effectiveness of policies that seek to achieve environmental conservation through voluntary
behavior change. Negative spillover, if prevalent, has the potential to undermine the
effectiveness of these approaches, and complicate their evaluation, measurement, and
verification (Carrico, Vandenbergh, Stern, & Dietz, 2015). If negative spillover is common, it
may be that behavior change programs should be redesigned or alternatives should be selected
that do not rely so heavily on voluntary participation, such as supply-side measures or productefficiency standards. On the other hand, if positive spillover is common, decision makers may be
under-valuing these approaches by failing to consider benefits outside of the targeted behavior. A
third possible conclusion is that spillover of any type is rare or so minimal as to be a trivial factor
in policy decisions, in which case these concerns could be put to rest.
This paper describes an experimental test of spillover that prioritizes external validity by
asking respondents to engage in behavior that involved a measure of both effort and sacrifice.
Drawing on theorized mechanisms of spillover, we also examined the extent to which two
variables—moral self-image and environmental concern—mediate the effect of an initial proenvironmental action on a subsequent green behavior. Prior to describing this study and its
results, we provide a brief overview of theoretical explanations and empirical evidence related to
spillover, followed by a discussion of research gaps that the present study addresses.

Empirical Evidence for spillover
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Discussions of spillover and related phenomena have appeared in literature across many
disciplines and sub-fields and under a variety of labels (e.g., rebound effects, moral licensing,
and consistency effects). Yet, each term carries with it unique predictions about when and why
spillover is likely to occur, and in which direction (i.e., positive vs. negative). In this paper, we
adopt the terminology of Thøgersen, Truelove, and others (Lanzini & Thøgersen, 2014;
Thøgersen, 1999; Thøgersen & Noblet, 2012; Thøgersen & Ölander, 2003; Truelove et al., 2014;
Truelove, Yeung, Carrico, Gillis, & Raimi, 2016) who have attempted to apply these various
theories to the context of pro-environmental action.
The most closely related literature to negative spillover is the work on moral licensing.
Moral licensing theory suggests that individuals who engage in a moral good deed experience an
improved moral self-image that, in some cases, may license an individual to engage in a morally
dubious act thereafter (Merritt, Effron, & Monin, 2010). A recent meta-analysis of the moral
licensing literature found evidence for a small to medium average effect size (d = 0.31) of one
prosocial behavior reducing the likelihood of a second prosocial behavior (Blanken, van de Ven,
& Zeelenberg, 2015). For example, Monin and Miller found that participants who had the
opportunity to express their disapproval to sexist statements were subsequently less likely to
favor a woman for a traditional male occupation, presumably because they had already
established themselves as moral (non-sexist) via the earlier task (Monin & Miller, 2001).
Although most moral licensing research does not directly examine pro-environmental
behavior, there is reason to believe that these findings are relevant. Environmentally significant
behavior is widely regarded as having moral implications and green behaviors are perceived by
the public to be ethical (e.g., Gardiner, 2010; Mazar & Zhong, 2010; Nordlund & Garvill, 2002).
Some studies have measured or elicited green actions to examine more fundamental processes
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associated with moral behavior (Blanken et al., 2015). For example, Mazar and Zhong (2010)
found that people were more likely to lie and steal after participating in a simulated shopping
task where they purchased green products compared to a task in which they purchased
conventional versions of the same products.
Research on single-action bias has also been cited as an explanation of negative spillover
(Wagner, 2011a). Whereas moral licensing effects are presumed to stem from perceptions of
one’s moral self-worth, single action bias is believed to be mediated by risk perceptions. In her
original discussion on the topic, Weber (1997) theorized that after adopting an initial action to
reduce a perceived threat, individuals will experience a reduction in perceived risk that will
reduce motivation for future additional preventive action. The consequence is that individuals
will often engage in a single, often insufficient step to resolve the problem. In her empirical
work, Weber (1997) found that a set of discrete actions taken by farmers to adapt to climate
change were negatively correlated. She also found a negative correlation between having
adopted a behavior to adapt to climate change and the farmer’s level of support for government
intervention to address climate change, providing some evidence that risk reducing behaviors
may undermine the perceived need for policy intervention.
The concern that voluntary greenhouse-gas reducing behaviors could undermine support
for more robust policy interventions has been expressed by others (Wagner, 2011a, 2011b).
Recently, Truelove and colleagues (2016) found evidence of negative spillover from recycling to
support of a campus green fund, but only among self-identified Democrats. This pattern is
consistent with Weber’s explanation of single action bias, given that Democrats tend to be more
concerned about the risks of environmental degradation (McCright, Xiao, & Dunlap, 2014) and
may, therefore, be more impacted by the risk-reducing impact of engaging in a pro-
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environmental action. On the other hand, Truelove et al. (2016) also found evidence that
Republicans who recycled were more supportive of a campus green fund, suggesting that there
may be important moderating variables that condition spillover processes.
Like negative spillover, positive spillover also has some basis in psychological theory
and empirical evidence. Self-perception theory (Bem, 1972) argues that we at least partially infer
information about our attitudes by observing our own behaviors. Therefore, a person who adopts
a pro-environmental action may, as a result, begin to develop a stronger concern for the
environment. Consistent with this theory, empirical work has found that reminding an individual
of his or her past pro-environmental actions is associated with an increase in pro-environmental
identity and, to some degree, pro-environmental behavior (Van der Werff, Steg, & Keizer, 2014).
Similarly, cognitive dissonance theory (Festinger, 1962) argues that people desire consistency
and may, therefore, feel a sense of discomfort from engaging in an environmentally protective
act in one setting but not in another. This experience of anxiety or “dissonance” should, in
theory, motivate people to align their actions and beliefs. By engaging in a pro-environmental
action, a person may also acquire useful knowledge and skills that empower him/her to adopt
other actions in the future (De Young, 2000; Thøgersen, 1999). In this way, nudging a person
towards the adoption of a new PEB may be a valuable learning experience for that individual that
facilitates further PEBs.
There has been much correlational research demonstrating a positive relationship
between PEBs (Harland, Staats, & Wilke, 1999; Thøgersen, 1999; Whitmarsh & O’Neill, 2010;
Willis & Schor, 2012). However, correlational methods are limited in their ability to establish
causality. Thøgersen and Ölander (2003) improved upon this work by conducting a three-wave
longitudinal survey among Danish consumers, finding positive spillover effects for some
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behaviors, though not all. Baca-Motes and colleagues (2013) also found evidence of positive
spillover using a field experiment. Their results suggested that, in response to an effective
intervention, hotel guests adopted both targeted and non-targeted PEBs in greater numbers than
did those who did not receive the intervention (or who received a less effective intervention).
Finally, Lanzini and Thøgersen (2014) recently demonstrated that a six-week intervention
promoting green purchasing resulted in positive spillover, particularly for behaviors that were
relatively easy to perform (e.g., reading documents on a screen, recycling).
Research Gaps. As discussed above, there is theoretical precedent for both positive and
negative spillover effects, as well as conflicting empirical support for both. As such, there is a
need for additional research that attempts to reconcile these mixed findings. Based on the
literatures reviewed above, we see three important goals for future research.
First, a heavy reliance on correlational designs has left many unanswered questions about
whether there is a causal link between behaviors as opposed to a third variable that drives
multiple related behaviors, such as environmental concern or values (Lanzini & Thøgersen,
2014; Truelove et al., 2014). Spillover is inherently a causal process regarding the effect of a
pro-environmental action on subsequent behaviors. Therefore, experimental designs are
necessary and the use of correlational data to examine spillover processes may be partially to
blame for inconsistent findings (Truelove et al., 2014).
Second, existing work is also limited by a heavy use of self-reported behavior, behavioral
intentions, and decision making in hypothetical scenarios as proxies for behavior. Prior research
suggests that the relationship between these measures and actual behavior can be tenuous
(Baumeister, Vohs, & Funder, 2007; Clements et al., 2015; Kormos & Gifford, 2014; List &
Gallet, 2001). According to both self-perception and dissonance theories, the likelihood for
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positive spillover may change depending on whether an individual attributes her behavior to an
internal vs. external source (Aronson & Carlsmith, 1963; Schachter & Singer, 1962). Therefore,
the extent to which a person ‘buys in’ to the idea or voluntarily puts forth effort to engage in a
PEB may be an important factor in whether positive spillover occurs. Consistent with this
explanation, Gneezy and colleagues’ (2012) found that negative spillover only occurred when
the initial pro-social act involved little cost or effort, suggesting that by limiting research to loweffort behaviors that are easily studied in a laboratory setting, we may be biasing this body of
work towards conditions that are more prone towards negative spillover.
Finally, competing theoretical explanations and mixed empirical results suggest a need
for more research into the mechanisms of spillover. Moral licensing theory suggests a key role of
moral self-image, whereas single action bias and self-perception theories hypothesize that
environmental concern and risk perceptions are important mediating variables; although in
opposite directions. More attention to the extent to which these variables mediate the relationship
between initial and subsequent pro-environmental actions can help to provide clarity about when
and why spillover may exist.

Overview of research and hypotheses
This study was designed to examine the presence of positive or negative spillover effects
in response to an intervention targeting an effortful behavior—reducing red meat consumption
over multiple days to limit GHG emissions (the initial pro-environmental behavior, PEB1).
Adherence to the intervention was assessed via daily food diaries kept by participants. At the
completion of the study, participants were given an opportunity to make a donation to an
environmental cause (the secondary pro-environmental behavior; PEB2). We test our hypotheses
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by comparing donation rates across experimental conditions in which participants reduced red
meat consumption for environmental reasons (green behavior) or were not asked to reduce their
red meat consumption (control). In addition to these two conditions, we also include a third
condition (health behavior) so that we may gain insight into the extent to which any spillover
effects that are observed are uniquely related to engaging in a PEB, versus any form of behavior
change. Although we do not presume that the processes that may lead to spillover are unique to
PEB, pro-environmental actions—like other common pool resource problems—are significant in
that they involve a level of self-sacrifice to achieve a benefit that is enjoyed by others. It is this
quality of pro-environmental actions that may make “green” behaviors vulnerable to moral
licensing effects. On the other hand, it is possible that engaging in any form of effortful behavior
or self-denial may undermine pro-social behavior for reasons other than moral licensing. For
example, evidence for ego-depletion suggests that exerting effortful self-control can diminish
people’s self-regulatory reserves and thus leave them unwilling to engage in additional behaviors
that require self-control (Baumeister, Bratslavsky, Muraven, & Tice, 1998; Muraven, 2012). If
ego-depletion or similar processes lead to a reduction in pro-environmental action, we would
expect donation rates to be lower in both the green behavior and health behavior conditions as
compared to the control condition.
We hypothesize (H1a) that if negative spillover exists between reducing meat
consumption and donations, those in the green behavior condition will donate less of their
earnings to an environmental cause than will those in the control condition. On the other hand, if
positive spillover exists, those in the green behavior condition will donate more of their earnings
than will those in the control condition (H1b). Finally, if the null hypothesis is true and no
spillover exists, we expect donation rates among those in the green behavior condition to be
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equivalent to those in the control condition (H1null). If donation rates of those in the health
behavior condition mirror those of the green behavior condition, it would suggest that a process
that is not tied to attitudes and motivations regarding pro-environmental behavior, and other
phenomena (such as ego-depletion) should be investigated in subsequent research (H2).
In addition to the basic test of environmental spillover, we also examine two potential
mediating variables. Drawing on moral licensing theory, we include a measure of moral selfimage, which is predicted to mediate a negative spillover effect. According to this theory, a prosocial act leads to an increase in moral self-image, which then reduces the motivation to engage
in subsequent pro-social acts because the individual no longer needs to establish his or her moral
self-image. Based on this theory, we would expect moral self-image to be higher among those in
the green behavior condition than the other two conditions (Khan & Dhar, 2006; Merritt et al.,
2010). This variable should, in turn, be negatively related to donation behavior (H3). We also
include a measure of environmental concern, which we predict will mediate positive spillover.
Drawing from the work on self-perception theory, concern about the environment may increase
for people who have taken an initial environmentally friendly action as they infer their attitudes
based on that previous behavior (Bem, 1967; Poortinga et al., 2013). It is also possible that the
green behavior manipulation will increase the participant’s attention to environmental problems,
resulting in an increase in environmental concern (Lanzini & Thøgersen, 2014). Regardless, an
increase in environmental concern should be positively related to donation behavior (H4).
Alternatively, work on single-action bias would suggest that an initial pro-environmental action
would lead to a reduction in environmental concern, therefore reducing the likelihood of
engaging in a subsequent pro-environmental act (H5).
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Method
Respondents
Participants were adults aged 18 and over recruited through Mechanical Turk (MTurk)
(Buhrmester, Kwang, & Gosling, 2011; Mason & Suri, 2012) to participate in an online study
about dietary habits for up to $5.00 in Amazon credit. All prospective participants were screened
prior to enrollment in the study. Participants were eligible if they reported no health problems
and reported consuming four or more servings of red meat in an average week (in this study red
meat was defined as beef, pork, and lamb). Of the 709 participants who enrolled in the study,
481 completed at least three diaries and the follow-up survey, for a completion rate of 68%.
Eighty-six participants were dropped from the analysis for failing a basic comprehension check
after the final daily diary. These respondents could not correctly report whether they had been
asked to change their diet and, if so, why. This left 396 participants in the final data set. These
exclusion criteria were established prior to data collection. Table 1 summarizes the sample size
and demographic characters for the sample and sub-samples. There was a disproportionately
large number of male respondents in the health diet condition; therefore, the respondent’s sex
was entered as a control variable in all analyses that follow.
Procedure
During a screening survey, participants reported on the number of servings of red meat
that they consume in an average week as well as the number of servings they consumed over the
previous three days. Respondents who reported eating four or more servings of red meat in an
average week were considered eligible for participation in the study. Red meat was defined as
beef, pork, and lamb and a “serving” was defined as 2-3 oz. or “roughly the size of a computer
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mouse or checkbook”. These definitions were adapted from materials published by the American
Heart Association (AHA, 2012) and the American Institute for Cancer Research (AICR, 2006).
Eligible participants were sent an invitation email via MTurk to participate in a study
with the described objective of evaluating an online dietary change program. Those who agreed
to participate first completed a baseline questionnaire and then received instructions about the
diary program. Next, the 66% of the sample who were assigned to the experimental conditions
received information about the dietary change task in which we introduced the experimental
manipulation. These research participants were asked to limit their red meat consumption to one
serving over a one-week period (experimental conditions), and were instructed to keep a daily
food diary to track their progress. The remaining 33% of participants also kept a daily food diary,
but were given no behavior change goal (control condition).
Among those in the experimental conditions, the stated purpose of the behavior change
program randomly varied across participants. Half were told that we were investigating a method
to lower greenhouse gas emissions (green behavior condition), the other half were told that we
were investigating a method to reduce heart disease (health behavior condition). This design
produced three comparisons: green behavior vs. control, health behavior vs. control, and green
behavior vs. health behavior. Demographic statistics of the three groups is shown in Table 1. The
manipulations are shown in Figure S1 (Online Supplementary Material).
After the initial introduction and study manipulation, participants were instructed to sign
onto the study website each evening to complete their daily food diaries. To encourage truthful
reporting of food consumption, participants were told (and reminded each day) that their
payment for participating in the study was not based on what they ate, but purely on whether
they completed the food diary itself each day. Participants were quizzed after each food diary to
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make sure they understood the instructions and that those in the experimental conditions knew
the reasons they had been given for why they should reduce their red meat consumption.
Participants were then given feedback about their progress in the study and encouraged to stick
with their assigned behavior. They were also shown reminders of the purpose of the study (e.g.,
their assigned condition). The instructions shown to participants and experimental manipulations
are shown in Figure S1 of the Online Supplementary Material.
After completing the daily diary phase, respondents completed a follow-up survey in
which they received a summary of their performance. Prior to starting this survey, those in the
diet change conditions saw their consumption compared to the average red meat consumption
they had reported before the start of the diet and were told how this translated into outcomes for
climate change or heart disease (see Figure S3 in the Supplementary Material). Those in the
control condition only received feedback about the number of daily diaries they had filled out.
The respondents then answered a number of questions, including the hypothesized mediator
variables: moral self-image and environmental concern. Finally, just before the completion of the
study, respondents were asked if they would like to donate a portion of their earnings for
participating in this research to an environmental organization (The Sierra Club). This donation
served as the dependent variable. This method has been used successfully by other researchers
and has been shown to be a valid measure of environmentally significant behavior (Clements et
al., 2015).
Participants could earn up to $5 for completing the full study. They were compensated
for each individual component of the study that they completed (e.g., the individual food diaries
and the follow-up survey). To incentivize complete participation, those who completed all diaries
and the follow-up survey were entered into a lottery for a 1/20 chance to win $15. If a respondent

14

failed to complete a component of the study, he/she was not paid for that component and was not
entered into the lottery. Those who failed the comprehension check were compensated using the
procedure described above, but were omitted from data analysis.
Approximately halfway through this study the research protocol was revised to reduce
cost and the time demands on the participants. Therefore, for N=182 participants, the protocol
described above took place over the course of three days rather than the full seven. These
participants were told to consume no red meat during those three days. No differences were
found between participants in the 3-day diet and those in the 7-day diet; therefore, the two
samples are combined in the analyses that follow. We include a variable for the study duration (3
vs. 7 day) as a control variable in all models.
Measures
Moral self-image. We adapted Khan and Dhar’s (2006) five-item measure of moral selfconcept and some of the moral traits outlined by Aquino and Reed (2002). Participants rated
their level of agreement (from 1 = strongly disagree to 7 = strongly agree) that they were:
compassionate, fair, selfish, moral, and immoral. The selfish and immoral items were reversecoded before a composite score was created. Cronbach’s alpha was .76.
Environmental concern. Environmental concern was measured with three items.
Respondents were asked how concerned they are about: environmental damage, global warming,
and loss of wildlife. The stem, ‘How concerned are you about…’ is a commonly used a measure
of issue concern; similar items have been used by Leiserowitz and colleagues (Leiserowitz,
Maibach, Roser-Renouf, Feinberg, & Rosenthal, 2016) to assess concern about global warming.
These items were embedded within a longer list of contemporary social and political issues (e.g.,
terrorism, the economy, etc.) to mask the environmental focus of this research. Answers were
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made on a 5-point scale ranging from not at all to very much. Cronbach’s alpha was .87. The
three items were averaged to create a composite score.
Donation measure. At the end of the follow-up survey respondents were shown the
following, “We offer all research participants the opportunity to donate any amount of their
earnings (up to $5.00) to a non-profit organization that is being sponsored by the research
team. The sponsored non-profit rotates from month to month. The current organization is: The
Sierra Club, an environmental organization. More information can be found here:
http://www.sierraclub.org/.” Respondents could enter any value between $0 and $5.00 (the

maximum amount earned in this study). The amount entered was deducted from the participant’s
payment. A donation equivalent to the amount donated by the research participants was made to
the Sierra Club by a member of the research team.
Behavioral difficulty. Three items were used to assess how difficult it was for
respondents to comply with the daily diary/dietary change task: How difficult was it for you to
comply with this program?, How much effort did it require, and “How much sacrifice did it
require?” Answers were made on an 11-point scale ranging from 0 = not at all to 10 = very
much. The three items were highly correlated (Cronbach’s Alpha = .94) and were, therefore,
averaged to create a single score. Because these questions were added to the follow-up survey
after data collection had started, these data are only available on n = 161 cases.

Analysis and Results
Manipulation Check
A one-way repeated measures analysis of variance (ANOVA) was used to assess whether
the dietary change manipulation in the two experimental groups was successful, leading to a
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change in the number of red meat servings per day from baseline to follow-up. Due to fact that
there was an unequal distribution of male participants across the experimental groups, the
respondent’s sex was controlled for in the analysis, as was the duration of the study (3 vs. 7
days). As expected, results indicated significant main effects of time (baseline vs. follow-up), F
(1, 391) = 18.77, p < .001, condition, F (2, 391) = 33.81, p <.001, and a time x condition
interaction effect, F (2, 391) = 61.44, p <.001. A simple effects analysis revealed that, as
expected, there was a significant reduction in red meat consumption over the course of the week
in both the green behavior (t = 6.67, p <.001, n = 134, mean change = -1.00) and health behavior
(t = 14.20, p < .001, n = 123, mean change = -0.91) conditions. Those in the control condition
increased consumption by 0.50 servings per day (t = 5.75, p < .001, n = 138). There was no
effect of study duration, F (1, 391) = 0.05, p = .82.
Next, we examined the perceived difficulty of engaging in this study to assess whether
we effectively engaged those in the experimental groups in an effortful behavior change. Results
from a one-way ANOVA indicated a significant effect of condition, F (2, 159) = 70.51, p < .001.
Perceived difficulty was lower among those in the control condition (M = 0.37, SD = 0.26; Scale
= 0 to 10) relative to those in the green behavior condition (M = 3.83, SD = 0.28), Welch t(56.38)
= -9.54, p < .001, and those in the health behavior condition (M = 4.56, SD = 0.28), Welch
t(57.55) = -11.58, p < .001. The difference between the green behavior and health behavior
conditions was not significant, t(99) = -1.78, p = .14.
Behavioral Spillover
We assessed the impact of the experimental manipulation on donation behavior in two
ways. First, we conducted a logistic regression with bootstrapped standard errors to examine the
effect of condition on a dichotomously coded outcome variable of whether or not the respondent
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made a donation to the environmental group. Because spillover is relevant only for those who
adopt an initial PEB, those in the green behavior and health behavior conditions who did not
reduce their red meat consumption (n = 12) were removed from the analysis. (However, the
analysis was conducted with and without these participants included, and there was no
substantive difference in the results.) We controlled for the respondent’s sex and the duration of
the study in the analyses. Dummy coded variables for experimental group were entered with the
control condition as the reference group.
The results (Table 2) indicated a significant effect of the respondent’s sex, whereby
significantly fewer men made a donation (M = 10%) than women (M = 17%). There was also a
significant effect of experimental condition, such that those in the health behavior condition were
significantly less likely to make a donation (9%) compared to those in the control condition
(19%). Those in the green behavior condition were no more or less likely to make a donation
than those in the control condition. In a follow-up analysis, we switched the reference group to
the health behavior group to test for differences between the health behavior and green behavior
conditions and the effect was not significant. Adjusted means are presented in Figure 1. The
effect of study duration was not significant.
Next, we examined the effect of experimental group on the amount of money donated. As
is common with monetary data, this variable was highly positively skewed. Approximately 14%
of the sample made a donation, resulting in a high frequency of zero data points. The donations
that were made ranged from $0.01 to $5.00 with a median donation of $0.75 (M = $0.92).
Therefore, we modeled these data using a negative binomial regression. The respondent’s sex
and the duration of the study were entered as controls. The experimental condition variable was
dummy coded, with the control condition entered as the reference group. Model results are
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shown in the right column of Table 2. There was a significant effect of the respondent’s gender.
Male respondents donated less ($0.07), on average, than female respondents ($0.17). However,
there was no difference between the two behavior change conditions and the control condition.
In a follow-up analysis, we switched the reference group to the health behavior condition; yet,
there was no difference between the health behavior and green behavior conditions. Estimated
marginal means are also shown in Figure 1.
Mechanisms of Spillover
Although the results reported above provide no evidence for environmental spillover,
there was evidence that the health behavior condition reduced donation rates, suggesting the
possibility of negative spillover across behavioral domains. To further explore this and to
examine the effect of the experimental manipulation on theorized mechanisms of spillover, we
conducted a mediation analysis to predict the binary outcome variable of whether the respondent
made a donation or not. In this analysis we estimated a parallel multiple mediation logit model
with bias-corrected asymmetric bootstrapping of the 95% confidence interval (CI) based on
10,000 bootstrap samples (PROCESS, Model 4 v. 2.13). We utilized the technique proposed by
Hayes and Preacher (2014) to accommodate a multi-categorical independent variable. The
experimental factor was dummy coded with the control condition as the reference category. The
mediator variables were moral self-image and environmental concern. This model controls for
the effects of the respondent’s sex and the duration of the study.
The model results are presented in Figure 2. The model including the mediators improved
the pseudo R2 from 0.05 to 0.15 (based on the Nagelkerke R2). The total indirect effect estimates
suggest that moral self-image did not mediate either the green or health behavior conditions
compared to the control (Green: -0.01 (0.04), 95% CI = -0.12 to 0.04; Health: 0.01 (0.04), 95%
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CI = -0.03 to 0.13). Environmental concern partially mediated the effect of the green behavior
and, to a lesser extent, the health behavior conditions on donation behavior (Green: 0.20 (0.11),
95% CI = 0.02 to 0.44; Health: 0.18 (0.10), 95% CI = 0.00 to 0.42).
Both experimental groups led to a significant increase in environmental concern and, in
turn, environmental concern was positively related to making a donation. Therefore, these results
provide some evidence for a route to positive spillover via environmental concern: Those who
engaged in an initial PEB (i.e., those in the green behavior condition) demonstrated higher levels
of environmental concern than did those in the control condition. Surprisingly, those in the health
behavior condition also demonstrated a greater concern for the environment than did those in the
control condition. After accounting for the mediators, the direct effect of the health behavior
condition on donation rates remained negative and significant and, in fact, increased in
magnitude, suggesting a suppression effect. After including the mediators, there was also a
marginally significant negative effect of the green behavior condition on donation rates.
Discussion
The results from this study provide several insights regarding environmental spillover
processes. First, in a direct test of spillover, there was no evidence for positive or negative
spillover, providing no support for Hypotheses 1a or 1b. Those who received the green behavior
manipulation were just as likely to make a donation to an environmental organization, and
donated an approximately equivalent amount, as those in the health behavior and control
conditions. This finding is consistent with Hypothesis 1null predicting no spillover, and replicates
a small set of studies that have employed an experimental design and have found no evidence of
spillover within the environmental domain (Poortinga et al., 2013; Reams, Geaghan, & Gendron,
1996). This finding offers some evidence that the concern that policies and programs designed to
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promote voluntary pro-environmental action will de-motivate subsequent actions may be
unfounded. Contrary to Hypothesis 3, there was no effect of the green behavior manipulation on
moral self-image, and moral self-image was unrelated to donation behavior. This is surprising
given numerous studies theorizing that moral licensing effects result from changes to moral selfimage (Jordan, Mullen, & Murnighan, 2011; Merritt et al., 2010; Nisan, 2013; Sachdeva, Iliev, &
Medin, 2009). However, few studies have actually measured moral self-worth to confirm that
this variable is driving moral licensing effects (Kahn & Dhar, 2006). Thus, this study adds
significantly to this literature despite the fact that we did not find evidence to support the theory.
On the other hand, consistent with Hypothesis 4 (and inconsistent with Hypothesis 5), the
green behavior condition led to a small but significant increase in concern about the
environment. Environmental concern was also associated with a greater likelihood of making a
donation, and was shown to partially mediate the green behavior manipulation on positive
spillover. This result suggests that those who developed a greater concern for the environment by
virtue of participating in this behavior change program were more likely to make a donation to
an environmental cause, indicating a possible route to positive spillover. Again, this finding
contradicts the assumptions made by some that programs to encourage individual proenvironmental behavior may distract support from more robust government action to address
environmental problems (Tidwell, 2009; Wagner, 2011a). Rather, it is consistent with selfperception theory (Bem, 1967) and dissonance theory (Abelson, 1959; Festinger, 1962), which
would expect a strengthening of attitudes and perceptions that are consistent with one’s recent
actions. This also reinforces the importance of mediation processes in spillover. Mediation can
occur even when direct spillover effects are either non-existent or in the opposite direction as
direct effects (Thøgersen, 1999; Truelove et al., 2016). Whereas previous work has shown the
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importance of personal norms (Thøgersen, 1999), and environmental self-identity (Truelove et
al., 2016) as a mediator of spillover, our work contributes to the literature by highlighting the
role of environmental concern.
It is important to note that the health behavior condition also resulted in a marginally
significant increase in environmental concern relative to the control condition, suggesting that
this impact on attitudes was not isolated to those who participated in a PEB. This does raise the
question of whether it was engaging in a pro-environmental action that prompted greater concern
for the environment, or simply the act of changing a behavior at all. Despite the fact that we
manipulated the justification offered for this behavior change, dissonance theories offer
precedent for the expectation that individuals will develop a diverse set of reasons for why they
engage in an action, particularly one that is effortful (Abelson, 1959; Festinger, 1962). Within
the environmental domain, Thøgersen (2011) has theorized that this process often operates in the
direction of adopting beliefs about the self-serving aspects of one’s decision, even when a
decision was made for primarily unselfish reasons. This is presumably to protect their self-image
as competent and rational individuals. Like Thøgersen, we find evidence that individuals adopted
attitudes that are consistent with their recent behavior change, but that were unique from the
initial reason why they adopted the behavior. However, in contrast to Thøgersen, we observed
that those who engaged in a behavior change for self-serving reasons (to lower their own risk of
heart disease) demonstrated more unselfish attitudes (concern for the environment) as a result.
Surprisingly, these results also indicated that those in the health behavior condition were
less likely to make a donation to an environmental cause than those in the control condition.
Although this finding is not indicative of a spillover effect, it does suggest a relationship between
the behavior change task and subsequent behavior. There are a number of possible explanations
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for this pattern. First, in accordance with Hypothesis 2, it may be that both the green and health
behavior conditions involved a measure of self-denial that undermined the respondent’s
willingness to engage in an additional form of self-denial. This explanation is consistent with the
ego-depletion theory of limited “reserves” of self-regulatory control (Baumeister et al., 1998). If
this explanation were true within the context of the current study, we would expect to see
significantly lower donations in both of the experimental conditions relative to the control, which
was not observed. However, the pattern of means is consistent with this explanation. Nineteen
percent of participants in the control condition made a donation, compared to 9% in the health
behavior condition and 13% in the green behavior condition. Only the health behavior condition
was significantly different than the control at the p < .05 level, whereas the p-value for the
difference between the green behavior and control was p = .17. Clearly, this p-value suggests that
this mean difference may not be reliable; however, we encourage others in the field to consider
ego-depletion when designing studies to examine spillover effects. Few studies are designed in
such a way to delineate between spillover that results from engaging in a pro-environmental
behavior specifically versus any behavior at all.
An alternative explanation is that the health behavior condition, which explicitly mentioned
heart disease, provoked anxiety among participants to a greater degree than the green behavior or
control conditions. Mortality salience, i.e., when an individual is primed to contemplate his or
her own death, is known to promote self-protective behavior (Burke, Martens, & Faucher, 2010)
and to inhibit behavior that perpetuates anxiety (Hirschberger, Ein-Dor, & Almakias, 2008). For
example, Kasser and Sheldon (2000) found that, following a mortality salience manipulation,
participants played more competitively in a simulated resource management game. If the above
hypothesis were true, we may expect participants who received the health behavior manipulation
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to demonstrate higher levels of anxiety than those in the green behavior condition, and that
anxiety would be negatively associated with donation behavior. Although we did not measure
anxiety per se, we did ask respondents to report their concern about a variety of nonenvironmental issues (e.g., heart disease, terrorism) in addition to the three environmental issues
(global warming, environmental degradation, and loss of wildlife) that were used in the
environmental concern scale. In a series of follow-up analyses, we examined whether average
levels of concern across the non-environmental items in this scale mediated the effect of the
health behavior condition on making a donation. As in earlier analyses, environmental concern
was again entered as a second potential mediator to compare the relative importance of the two
concern measures. This approach of creating two subscales (environmental and general) was
supported by a factor analysis (described in Online Appendix A within the supplementary
material). The results (Online Appendix B) suggested that, relative to the control, the health
behavior condition increased general concern; however, general concern did not impact donation
behavior. There are questions about the validity of this measure of general concern as a proxy for
anxiety, as well as the extent to which we would expect an affective response to mortality
salience (Landau et al., 2004). However, taken at face value, these results are not consistent with
the explanation that mortality salience accounted for the lower rate of donations in the health
behavior condition.
Finally, a third explanation is that the health behavior condition, which prompted
individuals to change their diet to protect their own health, primed respondents with a selfprotective or self-interested value orientation that affected donation behavior. Prior work has
found a number of priming effects on pro-social behavior. For example, priming individuals with
images of money led to more self-regarding behavior (Kouchaki, Smith-Crowe, Brief, & Sousa,
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2013; Vohs, Mead, & Goode, 2006), priming with concepts of god or secular moral institutions
led to more pro-social behavior (Shariff & Norenzayan, 2007), and individuals who were primed
with rude- or polite-related stimuli were more and less likely to interrupt an experimenter,
respectively (Bargh, Chen, & Burrows, 1996). It is possible that focusing the participants’
attention on their own health, as compared to an environmental or neutral task, may have
suppressed donation behavior among those in the health behavior condition.
This study does have a number of limitations that should be discussed. First, red-meat
consumption was self-reported. Although efforts were made to promote honest reporting (for
example, paying participants based on frequency, not content of the daily diaries), participants
may not have been totally honest about their diets or may have misestimated portion sizes.
However, we believe that this paradigm offers an important (if not perfect) tool for assessing real
PEBs (red meat consumption and environmental donations) rather than behavioral intentions that
are so often utilized with online samples. Online samples have limitations as well, and it is
possible that the MTurk participants reacted differently to the health and environmental
interventions than would those in the general population due to demographic differences or
familiarity with online studies. For example, they may have been more comfortable with an
online daily diary intervention than people who are less technologically savvy, and thus more
likely to reduce their red-meat consumption thanks to the daily reminders of study goals. Further,
it is important to note that this study examined only two behaviors. It may be that spillover
processes are contingent upon particular characteristics of behaviors, or the combination of
behaviors. For example, others have speculated that similarity between behaviors may amplify
spillover effects (Thøgersen, 2004; Truelove et al., 2014).
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One advantage of this study is that it is among the first to examine an initial behavior that
requires a substantial investment over time rather than a one-off behavior (see Lanzini and
Thøgersen, 2014 for another example). Theoretically, the repeated reminders that participants
received to cut back on meat consumption coupled with the fact that most participants did make
some progress toward that goal and received praise for doing so, should have strengthened
environmental self-identity, leading to positive spillover. Yet, we did not observe a direct effect
of positive spillover. It could be that the reminders and feedback participants received each night
as they completed their diaries actually served more as a reminder of progress toward the goal of
reducing meat consumption than a signal of commitment to the cause. Framing past moral
behavior in terms of goal progress has been shown to lead to negative spillover between
prosocial behaviors as it frees up motivation to be switched to other relevant goals (Susewind &
Hoelzl, 2014). However, framing past moral behavior in terms of commitment toward a goal has
been shown to lead to positive spillover (Susewind & Hoelzl, 2014). Future research should
consider asking participants to make a commitment to change their initial behavior (in line with
Baca-Motes et al., 2013) and ask them to reaffirm that commitment each day as they reflect on
their behavior performance. Additionally, future research should consider allowing participants
the option to choose a charity to donate to, with an environmental charity as one of the options
listed. In the present study, this design was not economically feasible. Providing multiple
donation options would likely reduce the rate of environmental donations, requiring a much
larger sample to detect significant effects. However, with sufficient resources, a design where
participants are encouraged to perform an initial, difficult pro-environmental behavior and then
given an option to donate to the charity of their choice could better mirror real world conditions.

26

Overall, this research extends the existing literature on PEB spillover by manipulating an
effortful pro-environmental action using a novel experimental design to assess its impact on
subsequent actions, while simultaneously examining the extent to which environmental concern
and moral self-image explain the spillover relationship. Our study provided no direct evidence of
spillover, though the pattern of results provides some evidence that interventions targeting one
PEB may positively spill over to other PEBs by increasing environmental concern. We found no
evidence that moral self-image increases following the performance of a PEB, opening the door
to questions about the theoretical vs. empirical support for moral licensing effects in PEB
spillover. Additional work is clearly needed before we can make recommendations to campaign
designers interested in maximizing positive spillover and avoiding negative spillover.
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Tables & Figures

Table 1. Demographic information and red meat consumption by experimental group
Green

Health

Behavior

Behavior

Control

Group

Group

Group

134

124

138

396

% Male

41.05

52.42

39.13

43.93

Age (mean)

36.98

37.00

36.71

36.89

Education (median)

Bachelor's

Bachelor's

Bachelor's

Bachelor's

Income (median)

$35 - 50k

$35 - 50k

$35 - 50k

$35 - 50k

13

9

19

14

Donation amount (mean)

$0.10

$0.08

$0.19

$0.13

Baseline red meat consumption1 (mean)

1.19

1.15

1.01

1.12

Intervention red meat consumption1 (mean)

0.20

0.23

1.51

0.67

N

Made a donation (%)

Full Sample

34

Table 2. Summary of model results examining the effect of experimental condition on donation behavior.
Made Donation1

Donation Amount2

B

SE(B)

W

p(W)

OR

B

SE(B)

W

p

Constant/Intercept

-1.13

0.27

17.76

<.01

0.32

20.85

4.59

20.68

<.01

Male

-0.53

0.34

2.80

.09

0.59

-9.80

4.15

5.58

.02

Duration (3 day vs. 7 day)

-0.22

0.32

0.52

.50

0.81

-1.13

3.27

0.12

.73

Green Behavior (vs. Control)

-0.46

0.35

1.88

.18

0.63

-4.22

4.81

0.77

.38

Health Behavior (vs. Control)

-0.90

0.43

5.19

.02

0.41

-6.51

4.56

2.04

.15

Green Behavior(vs. Health)^

0.44

0.46

1.08

.30

1.55

-2.30

3.33

0.47

.49

Condition

Likelihood ratio test

10.26, p = .04

Nagelkerke R2

0.05

Correct Classification
1
Logistic regression analysis

85.9%

114.46, p < .01

2

Negative binomial regression

B = Unstandardized beta weight; SE(B) = Standard Error of the beta weight; OR = Odds Ratio; W = Wald Chisquare statistic. ^Contrast was estimated in a second model.
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Supplementary Material

Figure S1. Experimental manipulation that introduces the dietary change task. Underlined text varies between the three conditions.
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Figure S2. Examples of feedback given at the completion of a daily diary. The content of feedback was contingent upon multiple factors:
experimental condition, # of servings of red meat, if goal had been exceeded, if daily consumption was above, below or equal to the
respondent’s weekly average. Respondents in the control condition received no feedback.
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Figure S3. Summary of feedback given at the completion of the dietary change task but prior to the follow-up survey. Feedback was
conditional upon the respondent’s change in red meat consumption and experimental condition. Respondents in the control condition received
no feedback.
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Appendix A - Principal components analysis of concern items
The nine items shown in Table S1 were subjected to a principal components analysis (PCA). The initial
PCA revealed two components with eigenvalues > 1.00 accounting for 58.50% of the total variance. The
Scree plot was consistent with this conclusion. Next, we used an orthogonoal varimax rotation with
Kaiser normalization to estimate a rotated solution. The rotated factor loadings (Table S2) show an
unambiguous pattern in which the three environmental items cleanly loaded on Component 2 and the
remaining items, which measured concern about health and economic and political events, cleanly loaded
onto Component 1. This analysis was repeated using an alternative orthogonal rotation (promax) as well
as an oblique rotation (oblimin). The results were substantively identical; therefore, only the results of the
varimax rotation are presented here.
Table S1. Nine items used to measure environmental concern and general concern
Mean
SD
How personally worried are you about the following?
Heart Disease
2.85
1.00
Global Warming^
3.01
1.14
Car Accidents
2.80
1.00
Nuclear war
2.31
0.99
Cancer
3.24
1.01
Environmental Damage^
3.14
1.08
Economic Collapse
3.18
1.04
Terrorism
2.63
1.10
Loss of Wildlife^
3.06
1.10
Note. N = 396. Responses were made on a 5-point scale ranging from 1=No at all
worried to 5 = Very worried. ^Indicates that the item was included in the
environmental concern subscale.
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Table S2. Component loadings resulting from
rotation with Kaiser normalization
Components
1
2
Heart Disease
0.65
-Global Warming
-0.90
Car Accidents
0.61
-Nuclear war
0.68
-Cancer
0.78
-Environmental Damage
-0.91
Economic Collapse
0.58
-Terrorism
0.75
-Loss of Wildlife
-0.82
Note. Factor loadings of less than 0.30 are omitted.
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Appendix B – Mediation Analysis of General and Environmental Concern
We conducted a parallel multiple mediation logit model with bias-corrected asymmetric bootstrapping of
the 95% confidence interval (CI) based on 10,000 bootstrap samples (PROCESS, Model 4 v. 2.13). The
dependent variable whether or not the respondent made a donation (0=No, 1=Yes). We utilized the
technique proposed by Hayes and Preacher (2014) to accommodate a multi-categorical independent
variable. The experimental factor was dummy coded with the control condition as the reference category.
The mediator variables were environmental concern and general concern. Like in earlier analyses, this
model controls for the effects of the respondent’s sex and the duration of the study, and respondents who
failed to reduce red meat consumption (n=12) were dropped from the analysis. After running the initial
model, the analysis was replicated but with the green behavior condition as the reference group, allowing
us to compare the green and health behavior conditions. Parameter estimates from both models are shown
in Figure S4.
The results showed that the inclusion of the mediator variables improved the variance explained
from 5% to 14% (based on the Negelkrk R-Square). The health behavior manipulation as associated with
a significant increase in general concern relative to the control condition (B = 0.24, p = .001), but not
relative to the green behavior condition (B = 0.13, p = .14). However, general concern had no direct effect
on donation behavior (B = 0.05, SE = 0.23, p = .83), and did not mediate the relationship between the
health manipulation and donation behavior (Health vs. Control: effect = .01, SE = .06, 95% CI = -.00 to
.42; Health vs. Green: effect = .01, SE = 0.03, 95% CI = -0.05 to 0.11).
This model was estimated again using a two-item measure of health concern (concern about heart
disease and cancer, see Table S2) in place of the general concern measure. In this case, the health
behavior manipulation increased health concern over both the green behavior manipulation (B = .22, SE =
.11, p = .05) and the control (B = .33, SE = .11, p = .003); however, health concern had no direct effect on
donation behavior (B = .10, SE = .18, p = .58).

