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Abstract

Despite several decades of research on more effectively communicating climate change to

the general public, there is only limited knowledge about how older adults engage with an

issue that will shape and define future generations. We focus on two key factors that may

motivate younger and older adults to engage in climate change action, legacy concern and

place attachment, and assess whether older adults differ in any appreciable way from the

general population in this domain. We randomly exposed participants of different ages to

either a Legacy, Place, or control writing induction task before they completed various self-

report measures. Both induction conditions were associated with significantly greater pro-

environmental behavioral intentions and donations for all age groups when compared to the

control condition. Legacy motivation and biophilia were used as manipulation checks and

found to partially mediate these effects. Findings suggest that legacy and place message

framing may be useful in prompting adults of all ages to take action to help combat climate

change.

Introduction

Climate change is real [1,2] and accelerating in its pace and impacts [3,4]. The health and eco-

nomic impacts of climate change are documented [2,5] with older adults highlighted as a

potentially vulnerable group. However, critical psychological barriers to citizen engagement

and participation in combating climate change remain [6].

Communication research has explored how subtle behavioral interventions and messaging

frames can both increase citizen engagement in climate change issues and encourage pro-envi-

ronmental behaviors. For example, highlighting local impacts of climate change makes the

benefits of acting to mitigate climate change more tangible, leading people to act more sustain-

ably [7]. Another effective strategy is to reduce temporal and psychological distance from the

issue by framing climate change as an immediate threat, rather than a remote problem [8].

Messages and intervention strategies targeted to the intrinsic values of a specific audience may

be most effective in motivating action [9]. However, one potentially important question has

received less attention in the framing literature: how do older adults engage with the issue of

climate change?
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Older adults, defined here as those beyond child-rearing age, are sometimes left out of cli-

mate change discussions, despite representing an untapped and potentially powerful group to

assist in changing sustainability behaviors [10]. Older adults are important for developmental

and political reasons. Developmentally, older adults are naturally concerned with their legacy

and with the well-being of successive generations [11]. Politically, older adults can be potential

thought leaders: in developed countries, they vote disproportionately more than other age

groups [12]; in traditional societies, they are often looked to as sources of wisdom. They are

motivated to make meaningful contributions to society through engaging with their commu-

nities [13]. The intersection of older people’s valuing of legacy and the urgent need for positive

actions to achieve environmental sustainability could be a pathway for intergenerational col-

laboration and progress on these urgent issues.

However, research is needed to advance an understanding of not only how age differences

in sustainability behaviors emerge, but also how the adoption and implementation of interven-

tions to promote sustainability among older adults can best be achieved. The effect of chrono-

logical age on sustainability behaviors may depend on several psychological factors that differ

between individuals and change across the lifespan. Theoretical insights from relevant psycho-

logical and gerontological scholarship suggest two central factors that stand out: place attach-

ment and legacy concern.

Place attachment, the formation of emotional and cognitive bonds with a particular place

[14], may have particularly strong implications for older adults. Place attachment includes

both the psychological process of attaching and the product of that process [15]. Older adults

have had greater time to forge attachments to place, and also have experienced changes to

places of personal significance over their lifespans. Some suggest that older adults’ attachment

to place is linked to their continuity of self across the life-span [16]. More recent work con-

firms the strong, positive link between age and place attachment [17,18].

This study advances knowledge about place attachment in the context of sustainability

behaviors. Devine-Wright (2013) [19] urged more attention to the links between place attach-

ment and climate change, especially the impact of framing place-based climate communica-

tion to engage the public. There have been initial attempts to explore the impact of place-based

communication strategies [20]. Thus far, however, the impact of older adults’ attachment to

place on their sustainability behaviors has not been investigated.

Both place attachment and concern about climate change may be related to biophilia,

humans’ particular affiliation and emotional connection to the natural world [21]. Climate

change threatens many aspects of the natural world (as well as the built environment), and the

places that people are most attached to are often inexorably linked to nature. Research on the

salience of older adults’ biophilia includes everything from its impact on well-being and partic-

ipation in activities in the natural world such as gardening [22] and driving through natural

areas [23] to the potential public health benefits of exposure to the natural environment [24].

However, biophilia has not previously been considered as a mediational pathway for sustain-

ability behaviors in the context of older adults’ attachment to place.

In addition to place attachment, another psychological variable with strong implications for

older adults’ environmental behavior is their motivation to leave behind a positive legacy for

future generations. Environmental protection clearly involves a temporal element, securing

natural resources for future generations. The meaning of this long time frame may shift with

increasing age, as constraints on time left in life may change priorities about how to use the

remaining time. As people age, generative concerns, defined as a person’s desire to guide

future generations, become increasingly significant [25]. Generative and legacy concerns are

strongly correlated with pro-environmental action, and inducing people to reflect upon their

future legacy can promote pro-environmental engagement [26]. We predict that older adults’
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concern for their legacy should promote pro-environmental action, since seniors may be par-

ticularly motivated to leave a positive legacy and take responsibility for future generations.

Interventions and message frames designed to increase legacy motives may therefore be partic-

ularly powerful among older adults.

Since older adults have higher levels of legacy concern and place attachment, leveraging

these psychological motives could serve as effective intervention strategies to promote environ-

mental behavior among older adults. The current study assesses the impact of two motiva-

tional strategies—an induction designed to increase legacy motivation and an induction

designed to enhance place attachment—on pro-environmental behavioral intent and behavior

(donations to an environmental charity). Specifically, this study has three goals: (1) to replicate

and expand upon the findings of an earlier study on the impact of legacy motives on pro-envi-

ronmental behaviors [26] by exploring whether legacy motivations can be leveraged among an

older adult sample; (2) to provide initial information on the impact of a place-based induction

[27] on climate change behaviors across the lifespan; and (3) to assess the mediating impacts of

individual differences on variables linked to aging and sustainability behaviors.

Within this context, we have three hypotheses:

1. That the Legacy induction will be positively associated with pro-environmental behavioral

intentions and pro-environmental behavior;

2. That the Place induction will be positively associated with pro-environmental behavioral

intentions and pro-environmental behavior;

3. That older adults exposed to the Legacy and Place inductions will experience greater posi-

tive associations with pro-environmental intentions and behaviors than younger adults.

Materials and methods

Participants

A diverse sample of 1005 American participants were recruited and completed our study

between 12/7/16 and 12/27/16 using the advanced sampling procedures available through

Amazon’s TurkPrime (an enhanced version of Amazon’s mTurk) to achieve an even distribu-

tion across ages in the sample, ranging from 18–87. Specifically, TurkPrime’s HyperBatch, IP

tracking, and age-based quota features were used to simultaneously recruit 5 groups of 200

American adults from the following age groups: 18–30, 31–40, 41–50, 51–60, and 61+ (64–87).

Online experiment services like mTurk have numerous advantages and have been found to be

at least as valid as traditional recruitment methods [28]. All participants were given the oppor-

tunity to review study details and informed consent information via mTurk before electing to

participate in the experiment and following a hyperlink to begin our online survey, which was

hosted by Qualtrics. This experiment was approved by the University of Colorado Colorado

Springs Institutional Review Board.

Five attention checks were used as quality control measures and were included in the exper-

imental design, with an a priori cutoff of missing three or more attention checks, or blatantly

not following instructions, set as the criteria for exclusion from analysis. One attention check

gave lengthy instructions but asked participants to simply write “I read the instructions” and

to ignore the multiple choice options presented on the page. Other attention checks involved

assessing timestamps and screening for nonsensical responses on the writing task to see if par-

ticipants complied with instructions, or simply clicked through the experiment as quickly as

possible. Based on these criteria, 17 participants were excluded from analysis, leaving a

remaining total sample of 988. Because this study was able to achieve an even distribution of
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ages across the sample, participants were then divided chronologically into three age groups

for analysis: young adults 18–35 (n = 327), middle-aged adults 36–52 (n = 324), and older

adults 53–87 (n = 337). An estimate of target sample size was determined using results from

similar studies run using mTurk workers to provide initial estimates of effect sizes for studies

of this type, which suggested a small to medium effect size [29]. Thus, our final sample size of

988 participants (with about 330 for each age group) was deemed appropriate for our planned

experimental design.

An analysis of demographic information provided by participants revealed that 68% of our

sample identified as female (n = 670), 32% identified as male (n = 316), and .2% identified as

‘other’ (n = 2). When asked about the highest level of education completed, .5% reported some

high school (n = 5), 10% reported graduating high school (n = 100), 34% reported some college

or technical school (n = 338), 37% reported graduating college or technical school (n = 369),

and 18% reported receiving post-graduate education (n = 176). Politically, our sample was well

divided, with 28% identifying as Republicans (n = 277), 39% as Democrats (n = 384), 28% as

Independents (n = 272), and 5% identifying as ‘Other’ (n = 55). Participants were able to select

as many ethnicities/races they identified with, and thus a total of 86% identified as Caucasian

(n = 849), 9% as African American (n = 93), 5% as Hispanic (n = 45), 5% as Asian (n = 45), 3%

as Native American (n = 29), 1% as Other (n = 10), and .1% as Pacific Islander (n = 1). Finally,

when asked whether participants identified as environmentalists, 55% said no (n = 546) and

45% said yes (n = 441).

Measures

Two measures were used as dependent variables, one was a scale measuring pro-environmen-

tal behavioral intentions, and one was a proxy for pro-environmental behavior. The Pro-Envi-

ronmental Behavioral Intentions Scale [26] is a 6-level likert scale with six items measuring the

participant’s intent to make pro-environmental choices in the next month (Range = 0–6,

M = 2.73, SD = 0.85, α = .76; e.g., “over the next month, how often do you intend to use public

transportation or carpool?”). Following Zaval et al. (2015) [26], the second measure served as a

proxy for real pro-environmental behavior, an open numerical item informing participants

that they had been entered into a $10 dollar lottery, which asked how much of that money they

would donate to the charity Trees for the Future if they won.

Two measures were used as manipulation checks to ensure that each induction was evoking

the responses intended. The Legacy Motive Scale [26] was used as a manipulation check for

the Legacy induction. This 8-item scale measures how much participants care about their leg-

acy (Range = 0–6, M = 4.19, SD = 1.05, α = .90; e.g., “I care about what future generations

think about me”). The 5-item Abbreviated Biophilia Scale was used to measure participants’

love and appreciation for nature, and was used as a manipulation check for the Place induction

(Range = 0–7, M = 5.36, SD = 1.10, α = .97; e.g., “I feel joy just being in nature”; adapted from

Perkins, 2010 [30]).

Participants also provided extensive psychographic data that could potentially mediate the

relationship between the inductions and environmental action. Two hazard belief questions

were adapted from Miceli, Sotgiu, & Settanni (2008) [31], these 4-level likert questions

(Range = 0–4), asked about the participant’s belief in the connection between natural hazards,

climate change, and salient danger. A single-item measure of future orientation developed by

Steinberg et al. (2015) [32] was included and asked participants to describe on a scale of 1–10

how easily life in the year 2050 comes to mind. An assessment of Future Self-Continuity was

included asking participants to choose one picture (of seven available pictures) of two overlap-

ping circles (each picture overlapping to increasingly higher degrees) best representing how
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connected they felt to their future selves [33]. A single-item measure of internal locus of con-

trol asked participants to rate how much control they had over their fate from (low internal

control)1-10 (high internal control) [34]. A measure of mortality salience, the Death Thought

Accessibility Word Completion Task, was used to explore whether either induction was evok-

ing thoughts of death and whether this was related to observed outcomes [35]. Finally, demo-

graphics questions assessing age, gender, education, political affiliation, ethnicity, and whether

participants identified as environmentalists were included. Methodological details including

full versions of all scales, measures, and attention checks used in this study are provided in S1

File.

Procedure

Participants who met sampling requirements viewed an mTurk advertisement for a 20–35

minute survey and writing task. Once participants provided informed consent and opted to

participate in the study, they were randomly exposed to one of three different 5–7 minute writ-

ing tasks, representing three induction conditions—Place (n = 299), Legacy (n = 295), and

Control (n = 394).

Writing task one, the Place-based induction (Place), asked each participant to write about a

place that he or she had an emotional connection to, and to imagine how extreme weather

events or climate change might impact that place and change it in the future. This induction

was adapted from Smyer (2017) [27]. Writing task two, the Legacy induction (Legacy), was

adapted from Zaval et al. (2015) [26], and asked participants to write about what they wanted

future generations to remember them for, and in what ways they will have a positive impact on

the environment or other people after they are gone. Writing task three, the control induction,

asked participants to write detailed instructions on a topic unrelated to place, climate change

or legacy: they were asked to write a description of how to make scrambled eggs. Complete

induction prompts are provided in S2 File.

Following exposure to their randomly assigned writing task, all participants completed

demographic questions and our full battery of self-report measures and scales. After complet-

ing all measures and questions, participants entered a code and were digitally thanked, paid,

and debriefed. Once a sufficient number of participants had completed the online experiment,

data collection was closed, and collected data were de-identified and downloaded for analysis.

Our analytical approach was to conduct a series of 3 (Induction) x 3 (Age) factorial ANO-

VAs. The independent variable ‘Induction’ had 3 levels: Legacy, Place, and Control. The inde-

pendent variable ‘Age’ also had 3 levels: young adults 18–35, middle-aged adults 36–52, and

older adults 53–87. 3x3 Factorial ANOVAs were run for each dependent variable: one for

mean pro-environmental intention score, and one for the amount participants volunteered to

donate to planting trees. We then conducted mediation analyses using two measures we had

included as manipulation checks, legacy motivation and biophilia attitudes, to assess whether

they mediated the relationships between our inductions and our dependent variables. Finally,

several exploratory 3x3 Factorial ANOVAs were run using the rest of the psychographic scales

included in our testing battery, to identify variable relationships underlying observed effects.

Results

Statistical assumptions

To ensure statistical assumptions necessary for a series of 3 (Induction) x 3 (Age) factorial

ANOVAs had been met, data were screened for outliers, homogeneity of variance, and univar-

iate normality. Histograms were visually inspected for outliers, with none identified. In all

cases, Levene’s test was satisfied or standard deviation ratios did not exceed 2:1, suggesting
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adequate homogeneity of variance between groups. Additionally, Bartlett’s test indicated sphe-

ricity assumptions were adequately met or corrected for in all analyses.

Manipulation checks

Legacy motivation. As expected, the Legacy induction was associated with greater legacy

motivation (Fig 1A). A significant main effect emerged for induction F (2, 967) = 20.62, p<
.001, η2 = .041, such that Place (p = .001) and Legacy (p< .001) inductions were associated

with greater legacy motivation compared to the control condition. Additionally, the Legacy

induction was associated with significantly greater legacy motivation than the Place induction

(p = .002). In line with previous literature, a significant main effect also emerged for age on leg-

acy motivation F (2, 967) = 3.84, p = .022, η2 = .008, such that young adults had significantly

less legacy motivation than middle-aged adults or older adults, while middle-aged and older

adults did not differ significantly. No significant interaction effect between age and induction

on legacy motivations emerged (p = .793).

Biophilia attitudes. As predicted, the Place induction was associated with greater feelings

of biophilia (Fig 1B). A significant main effect emerged for induction F (2, 979) = 8.12, p<
.001, η2 = .016, such that Place (p = .002) and Legacy (p< .001) inductions were associated

with greater biophilia compared to the control condition, while the Place and Legacy induc-

tions did not differ significantly from each other. Consistent with previous literature [36],

greater biophilia overall correlated with greater chronological age across the sample. A signifi-

cant main effect emerged for age on biophilia F (2, 979) = 20.78, p< .001, η2 = .041, such that

older adults reported significantly greater biophilia than middle-aged adults, and middle-aged

adults reported significantly greater biophilia than young adults. However, no significant

interaction effect between age and induction on biophilia emerged (p = .855): the impact of

the three inductions on biophilia was similar across all age groups.

Pro-environmental behavioral intentions

While older adults had significantly more pro-environmental intentions than middle or young

adults overall, both inductions were associated with significantly more pro-environmental

behavioral intentions for all ages when compared to the control induction (Table 1 and Fig

2A). These results support hypothesis 1 and hypothesis 2, that the inductions would be posi-

tively associated with pro-environmental behavioral intentions, and are contrary to hypothesis

3, that older adults exposed to the inductions would experience greater positive associations

with pro-environmental intentions and behaviors than younger adults. A significant main

effect emerged for induction F (2, 967) = 15.04, p< .001, η2 = .030, such that Place (p< .001)

and Legacy (p< .001) inductions were associated with more pro-environmental behavioral

intentions compared to the control condition, while the Place and Legacy inductions did not

differ significantly from each other. A significant main effect also emerged for age on pro-envi-

ronmental behavioral intentions F (2, 967) = 5.89, p = .003, η2 = .012, such that older adults

had significantly greater intentions than middle-aged adults or young adults, while middle-

aged and young adults did not differ significantly. However, no significant interaction effect

between age and induction on behavioral intentions emerged (p = .299). That is, the impact of

the three inductions on behavioral intentions was similar across all age groups.

Donations to an environmental charity

Both the Place and Legacy inductions were associated with more pro-environmental donations

for all ages compared to the control (Table 2 and Fig 2B). These results support hypothesis 1

and hypothesis 2, that the inductions would be positively associated with pro-environmental
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behavior, and are contrary to hypothesis 3, that older adults exposed to the inductions would

experience greater positive associations with pro-environmental intentions and behaviors than

younger adults. A significant main effect emerged for induction F (2, 979) = 4.30, p = .014, η2

= .009, such that Place (p = .006) and Legacy (p = .027) inductions were associated with more

donations compared to the control condition, while the Place and Legacy inductions did not

differ significantly from each other. A significant main effect also emerged for age on dona-

tions, F (2, 979) = 5.15, p = .006, η2 = .010, such that young adults donated significantly less

than middle-aged adults or older adults, while middle-aged and older adults did not differ sig-

nificantly. However, no significant interaction effect between age and induction on donation

emerged (p = .478).

Fig 1. Impact of legacy and place inductions on legacy motives and biophilia scores. (a) Impact of Legacy and Place inductions on legacy motives. (b)

Impact of Legacy and Place inductions on biophilia scores. Error bars denote ±1 SEM. Control n = 394, Legacy n = 295, Place n = 299.

https://doi.org/10.1371/journal.pone.0228963.g001

Table 1. Mean pro-environmental behavioral intentions by age group and induction type.

Induction Age Group Mean 95% Confidence Interval

Lower Bound Upper Bound

Place Young 3.55 3.34 3.76

Middle 3.35 3.14 3.56

Older 3.85 3.65 4.04

Legacy Young 3.69 3.48 3.90

Middle 3.64 3.44 3.83

Older 3.89 3.67 4.10

Control Young 3.31 3.14 3.48

Middle 3.27 3.08 3.46

Older 3.35 3.17 3.52

https://doi.org/10.1371/journal.pone.0228963.t001
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Mediation analyses

We conducted two mediation analyses to assess whether legacy motivation mediated the Leg-

acy induction’s effect on behavioral intentions (Fig 3), and whether legacy motivation medi-

ated the Legacy induction’s effect on donations (Fig 4). Dummy coding was used on predictor

variables to allow for comparisons between the control and Legacy induction conditions.

Given the simplicity of our models and the distributions of the variables involved, we chose

the straightforward four-step mediation approach of Baron and Kenny (1986) [37]. In step 1

of the first analysis, we revealed that exposure to the Legacy induction had a significant effect

on behavioral intentions, b = .203, t(676) = 5.39, p< .001. Next, the Legacy induction was

found to have a significant effect on legacy motives, b = .248, t(675) = 6.64, p< .001. In step 3,

Fig 2. Impact of legacy and place inductions on pro-environmental behavioral intentions and donations to charity. (a) Impact of Legacy and Place

inductions on pro-environmental behavioral intentions. (b) Impact of Legacy and Place inductions on donations to an environmental charity. Error bars

denote ±1 SEM. Control n = 394, Legacy n = 295, Place n = 299.

https://doi.org/10.1371/journal.pone.0228963.g002

Table 2. Mean donation amount by age group and induction type.

Induction Age Group Mean 95% Confidence Interval

Lower Bound Upper Bound

Place Young 3.58 2.95 4.21

Middle 4.29 3.67 4.91

Older 4.09 3.51 4.67

Legacy Young 3.52 2.89 4.15

Middle 3.61 3.04 4.19

Older 4.54 3.91 5.18

Control Young 2.90 2.38 3.41

Middle 3.45 2.90 4.01

Older 3.71 3.19 4.23

https://doi.org/10.1371/journal.pone.0228963.t002
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legacy motives were revealed to have a significant effect on behavioral intentions when con-

trolling for exposure to the Legacy induction, b = .355, t(665) = 9.67, p< .001. Step 4 revealed

that the effect of the Legacy induction on individuals’ behavioral intentions was partially medi-

ated by increases in legacy motives: b = .118, t(665) = 3.22, p = .001. Mediation was also con-

firmed by a bias-corrected bootstrapping procedure using 10,000 samples [38] (Hayes, 2013).

This analysis showed that the indirect effect of the Legacy induction on behavioral intentions

through legacy motivation was significant, with a 95% confidence interval (CI) that excluded

zero (β = 0.180, 95% CI = [0.120, 0.245]).

In step 1 of the second analysis, we revealed that exposure to the Legacy induction had a sig-

nificant effect on donations, b = .083, t(685) = 2.19, p = .029. Step 2 confirmed that the Legacy

induction had a significant effect on legacy motives, b = .248, t(675) = 6.64, p< .001. In step 3,

legacy motives were revealed to have a significant effect on donations when controlling for

exposure to the legacy induction, b = .139, t(674) = 3.53, p< .001. The final step revealed that

the effect of the Legacy induction on donations was fully mediated by increases in legacy

motives: b = .054, t(674) = 1.37, p = .171. Mediation was confirmed by a bias-corrected boot-

strapping procedure using 10,000 samples (Hayes, 2013). This analysis showed that the indi-

rect effect of the Legacy induction on donations through legacy motivation was significant,

with a 95% confidence interval (CI) that excluded zero (β = 0.069, 95% CI = [0.028, 0.118]).

We conducted two additional mediation analyses to assess whether biophilia mediated the

Place induction’s effect on donations (Fig 5), and whether biophilia mediated the Place induc-

tion’s effect on behavioral intentions (Fig 6). Dummy coding was used on predictor variables

to allow for comparisons between the control and Place induction conditions. In step 1 of the

first analysis, we confirmed that exposure to the Place induction had a significant effect on

donations, b = .101, t(690) = 2.68, p = .008. Step 2 revealed that the Place induction was found

to have a significant effect on biophilia attitudes, b = .111, t(690) = 2.93, p = .004. In step 3,

Fig 3. Mediation of legacy induction and behavioral intentions by legacy motives. ���p< .001. ��p< .01. �p< .05.

https://doi.org/10.1371/journal.pone.0228963.g003
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biophilia attitudes were revealed to have a significant effect on donations when controlling for

exposure to the Place induction, b = .260, t(689) = 7.06, p< .001. Step 4 revealed that the effect

of the Place induction on donations was partially mediated by increases in biophilia attitudes:

b = .073, t(689) = 1.97, p = .049. Mediation was again confirmed by a bias-corrected bootstrap-

ping procedure using 10,000 samples [38] (Hayes, 2013). This analysis showed that the indirect

effect of the Place induction on donations through biophilia was significant, with a 95% confi-

dence interval (CI) that excluded zero (β = 0.058, 95% CI = [0.018, 0.100]).

We also assessed whether greater biophilia would mediate the effect of the Place induction

on behavioral intentions. In step 1 of this analysis, we revealed that exposure to the Place

induction had a significant effect on behavioral intentions, b = .137, t(681) = 3.62, p< .001. In

step 2, the Place induction was found to have a significant effect on biophilia attitudes, b =

.111, t(690) = 2.93, p = .004. In step 3, biophilia attitudes were revealed to have a significant

effect on behavioral intentions when controlling for exposure to the Place induction, b = .424,

t(680) = 12.26, p< .001. Step 4 revealed that the effect of the Place induction on individuals’

behavioral intentions was partially mediated by increases in biophilia attitudes: b = .092, t(680)

= 2.65, p = .008. Mediation was again confirmed by a bias-corrected bootstrapping procedure

using 10,000 samples (Hayes, 2013). This analysis showed that the indirect effect of the Place

induction on behavioral intentions through biophilia was significant, with a 95% confidence

interval (CI) that excluded zero (β = 0.093, 95% CI = [0.028, 0.160]).

To further explore the relationships among these variables, four additional parallel media-

tion analyses including both mediators simultaneously were conducted and are available in the

supplementary material (S3 File).

Fig 4. Mediation of legacy induction and donations by legacy motives. ���p< .001. �p< .05. # p = .171.

https://doi.org/10.1371/journal.pone.0228963.g004
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Fig 5. Mediation of place induction and donations by biophilia attitudes. ���p< .001. ��p< .01. �p< .05.

https://doi.org/10.1371/journal.pone.0228963.g005

Fig 6. Mediation of place induction and behavioral intentions by biophilia attitudes. ���p< .001. ��p< .01. �p< .05.

https://doi.org/10.1371/journal.pone.0228963.g006
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Non-significant results

Several other psychological variables that could potentially underlie the relationship between

the inductions and pro-environmental behaviors were included in our analysis, including nat-

ural hazard perceptions, perceived future self-continuity, and death thought accessibility.

However, neither the Place nor Legacy inductions had an effect on these variables (S4 File).

Discussion

Two elements provide a context for this study: population aging and increased scrutiny of the

impact of message framing on pro-environmental behaviors and intention to act. The United

States is an aging country in an aging world. Currently, there are 65 million Americans 60 and

older, estimated to grow to 100 million by mid-century. Worldwide, the figures are 1 billion

now; estimated to be 2 billion by mid-century [39]. At the same time, climate communication

specialists are increasingly focused on message framing’s impact on climate action. Thus far,

however, climate communicators have not assessed whether specific messages targeted to

older adults will have a differential impact on climate concern and intention to act.

Within this context, this study had several goals. The first was to replicate and expand upon

prior work on the positive impact of legacy motives on environmental attitude and behavior

by exploring whether the impact of a Legacy induction is moderated by age [26]. The second

was to provide initial information on the impact of a Place-based induction on environmental

attitude and behavior and to explore whether the impact of a Place-based induction is moder-

ated by age [27]. Using messaging to enhance legacy and place attachment is consistent with

the National Academies of Science’s (2011) climate communication suggestions to personalize

climate change and sustainability issues [40].

Using the MTurk platform, we assembled a balanced sample across three age groups: young

adults, middle-aged adults, and older adults. Within this sample, both Legacy and Place induc-

tions were successful at improving pro-environmental attitudes and behavior. Specifically,

Zaval and colleague’s (2015) [26] earlier findings on the positive association of a Legacy induc-

tion with both pro-environmental behavioral intent and behavior (donations to an environ-

mental charity) were replicated with a balanced age distribution sample. In addition, our

results show that an induction aimed at improving attachment to place can positively impact

pro-environmental attitude and behavior change across the lifespan, with implications for

developing new motivational message frames. Counter to our predictions that the inductions

would be most effective for older adults, we observed no age by induction interaction effects.

That is, the inductions worked equally well for older and younger adults in promoting envi-

ronmental action.

The inclusion of a biophilia measure adds an innovative dimension to our understanding

of changes in environmental attitude, as we found that both experimental inductions were

associated with greater biophilia, and that greater biophilia partially mediated the effect of the

Place induction on climate action, across age groups. It may be that increasing love of nature is

an underlying mechanism for the effectiveness of place-based framing inductions on behav-

ioral intent and environmental behavior. Additionally, there was a significant correlation

between age and biophilia, with greater age associated with greater levels of biophilia. This is

an area of communication research that warrants further study.

Both induction strategies—inductions to drive legacy motives and inductions to encourage

place attachment—can be useful in increasing adults’ intention to take action and their subse-

quent actions on climate issues. In the absence of age interactions, it appears that these strate-

gies are equally effective across the lifespan. The potency of our findings imply their potential

Impact of framing on climate action

PLOS ONE | https://doi.org/10.1371/journal.pone.0228963 February 25, 2020 12 / 17

https://doi.org/10.1371/journal.pone.0228963


utility in promoting sustainability behaviors through legacy-based or place-based message

framing or other forms of intervention, and so warrant further research.

Our theoretical model hypothesized separate pathways for the impacts of the legacy induc-

tion and place induction on legacy motivation and biophilia respectively. Although we did

find that the Legacy induction was associated with significantly greater legacy motivation than

the Place induction, we found higher legacy motivation and biophilia attitudes in both the

place and legacy conditions, when compared to the control condition. This warrants further

attention. It may be that our operationalization of the two inductions was not sufficiently dif-

ferentiated (e.g., mention of “future generations” in the place induction may have elicited leg-

acy concerns). It also may be that both inductions affected an underlying third element that

itself affected both legacy motivation and biophilia. Future research should explore these possi-

bilities, as well as the mechanism underlying why increased legacy motivation increases

biophilia.

We had hypothesized that the Place induction would impact environmental hazard belief

or environmental hazard concern: the belief in the general connection between natural haz-

ards, climate change, and salient danger. However, there was no effect of either induction on

hazard belief and concern. It is possible that if these items had been reworded to focus on the

specific concern of the place to which participants were attached, the Place induction would

have had a positive impact on hazard concern and belief. Additional research should continue

to explore whether inductions that enhance one’s connection to a place can be used to change

risk attitudes related to natural hazards.

The current study has a number of strengths and limitations. One important limitation is

that we did not have a direct manipulation check for place-based attachment—had we

included this in addition to our biophilia measure, we could have more clearly and precisely

discerned the relationships between these variables. The balanced age sampling allowed com-

parisons to be made across young, middle aged and older adults. However, the results are

based on self-report from participants in a paid online survey, which may limit generalizabil-

ity. Further research on the impact of these inductions on behavior in non-experimental set-

tings would be useful. Additionally, the sample used in this research was limited to American

participants. Future work could evaluate whether these findings generalize cross-culturally

[41].

The time of measurement may also have unintentionally affected the patterns of results:

data was gathered from participants in the month following the 2016 presidential election in

the United States. President-elect Trump had already signaled his intention to leave the Paris

climate accords and to roll back a variety of EPA regulations. Public discussion of these devel-

opments may have affected the participants’ responses. In addition, evaluations of the impact

of combining moral framing [42] with legacy or place inductions would be useful. Finally, the

outcome variables were limited in scope. Additional research in non-experimental settings

could expand the outcome variables to sustainability behaviors such as recycling, changes in

dietary and travel patterns, or changes in commuting behavior.

The world is experiencing two, simultaneous, global patterns: population aging and climate

change. Despite generational differences in climate concerns [43], more than half of older

adults are in the “worried middle”: they know something is happening to the world’s climate

but they are unsure about what to do. The challenge is how to tap into this concern and move

older adults from anxiety to pro-environmental action. Thus far, climate advocacy and mes-

sage framing has not given adequate attention to older adults who have time, talent, and moti-

vation to engage in issues beyond themselves. This study suggests that legacy and place

message framing may prompt positive climate actions by adults of all ages. Those concerned

with increasing individual and community responses to climate change must expand their age
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targets to include older adults, as well as younger and middle-aged adults. These results indi-

cate that appeals to either their legacy concerns or their attachments to place can help move

adults of all ages from anxiety to action.

Supporting information

S1 File. Methodological details.

(DOCX)

S2 File. Experimental induction essay prompts.

(DOCX)

S3 File. Supplementary parallel mediation analyses and correlation table.

(DOCX)

S4 File. Non-significant and supplementary results.

(DOCX)

Acknowledgments

We appreciate and acknowledge that support for this research came from the Office of the Pro-

vost at Bucknell University.

Author Contributions

Conceptualization: Lisa Zaval, Nancy A. Pachana, Michael A. Smyer.

Data curation: Robert H. Wickersham.

Formal analysis: Robert H. Wickersham, Lisa Zaval.

Investigation: Robert H. Wickersham, Lisa Zaval, Nancy A. Pachana, Michael A. Smyer.

Methodology: Robert H. Wickersham, Lisa Zaval.

Project administration: Robert H. Wickersham.

Resources: Lisa Zaval, Nancy A. Pachana, Michael A. Smyer.

Software: Robert H. Wickersham.

Supervision: Lisa Zaval, Nancy A. Pachana, Michael A. Smyer.

Validation: Robert H. Wickersham, Lisa Zaval, Nancy A. Pachana, Michael A. Smyer.

Visualization: Robert H. Wickersham, Lisa Zaval.

Writing – original draft: Robert H. Wickersham, Nancy A. Pachana, Michael A. Smyer.

Writing – review & editing: Robert H. Wickersham, Lisa Zaval, Nancy A. Pachana, Michael

A. Smyer.

References
1. Cook J, Oreskes N, Doran PT, Anderegg WRL, Verheggen B, Maibach EW, et al. Consensus on con-

sensus: a synthesis of consensus estimates on human-caused global warming. Environ Res Lett [Inter-

net]. 2016 Apr 1 [cited 2019 Jun 2]; 11(4):48002. Available from: http://stacks.iop.org/1748-9326/11/i=

4/a=048002?key=crossref.80d294a6c5d3b7882bc7dc12487e9f39

2. Wuebbles DJ, Fahey DW, Hibbard KA, Dokken DJ, Stewart BC, Maycock TK, editors. Climate science

special report: fourth national climate assessment, volume I [Internet]. Washington, DC; 2017 [cited

2019 Jun 2]. Available from: https://science2017.globalchange.gov/

Impact of framing on climate action

PLOS ONE | https://doi.org/10.1371/journal.pone.0228963 February 25, 2020 14 / 17

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0228963.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0228963.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0228963.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0228963.s004
http://stacks.iop.org/1748-9326/11/i=4/a=048002?key=crossref.80d294a6c5d3b7882bc7dc12487e9f39
http://stacks.iop.org/1748-9326/11/i=4/a=048002?key=crossref.80d294a6c5d3b7882bc7dc12487e9f39
https://science2017.globalchange.gov/
https://doi.org/10.1371/journal.pone.0228963


3. Ceballos G, Ehrlich PR, Dirzo R. Biological annihilation via the ongoing sixth mass extinction signaled

by vertebrate population losses and declines. [cited 2019 Jun 2]; Available from: www.pnas.org/cgi/doi/

10.1073/pnas.1704949114

4. Intergovernmental Panel on Climate Change (IPCC). Global warming of 1.5˚C. An IPCC special report

on the impacts of global warming of 1.5˚C above pre-industrial levels and related global greenhouse

gas emission pathways, in the context of strengthening the global response to the threat of climate

change [Internet]. IPCC; 2018 [cited 2019 Jun 2]. Available from: http://www.ipcc.ch/report/sr15/

5. Watts N, Amann M, Ayeb-Karlsson S, Belesova K, Bouley T, Boykoff M, et al. The Lancet countdown

on health and climate change: from 25 years of inaction to a global transformation for public health. Lan-

cet [Internet]. 2017 Feb 10 [cited 2019 Jun 2]; 391(10120):581–630. Available from: http://www.ncbi.

nlm.nih.gov/pubmed/29096948 PMID: 29096948

6. Gifford R. The dragons of inaction: psychological barriers that limit climate change mitigation and adap-

tation. Am Psychol [Internet]. 2011 [cited 2018 Oct 12]; 66(4):290–302. Available from: http://doi.apa.

org/getdoi.cfm?doi=10.1037/a0023566 PMID: 21553954

7. Spence A, Pidgeon N. Framing and communicating climate change: the effects of distance and out-

come frame manipulations. Glob Environ Chang [Internet]. 2010 Oct 1 [cited 2018 Oct 12]; 20(4):656–

67. Available from: https://www.sciencedirect.com/science/article/abs/pii/S0959378010000610

8. Jones C, Hine DW, Marks ADG. The future is now: reducing psychological distance to increase public

engagement with climate change. Risk Anal [Internet]. 2017 Feb 1 [cited 2019 Jun 2]; 37(2):331–41.

Available from: http://doi.wiley.com/10.1111/risa.12601 PMID: 26989845

9. van der Linden S, Maibach E, Leiserowitz A. Improving public engagement with climate change: five

“best practice” insights from Psychological Science. Perspect Psychol Sci [Internet]. 2015 Nov 17 [cited

2019 Jun 2]; 10(6):758–63. Available from: http://journals.sagepub.com/doi/10.1177/

1745691615598516 PMID: 26581732

10. Deller J, Liedtke PM, Maxin LM. Old-age security and silver workers: an empirical survey identifies chal-

lenges for companies, insurers and society. Geneva Pap Risk Insur Issues Pract [Internet]. 2009 Jan 29

[cited 2019 Jun 2]; 34(1):137–57. Available from: http://link.springer.com/10.1057/gpp.2008.44

11. Milfont TL, Sibley CG. Exploring the concept of environmental generativity. Int J Hisp Psychol [Internet].

2011 [cited 2019 Jun 2]; 4(1):21–30. Available from: https://search.proquest.com/openview/

384fd868d08c1a72835b873bb8bc2590/1?pq-origsite=gscholar&cbl=2034866

12. Hudson RB. Draining the swamp while making America great again: senior dissonance in the age of

Trump. J Aging Soc Policy [Internet]. 2018 Aug 8 [cited 2019 Jun 2]; 30(3–4):357–71. Available from:

https://www.tandfonline.com/doi/full/10.1080/08959420.2018.1462676 PMID: 29652603

13. Cohen GD. The mature mind: the positive power of the aging brain. Basic Books; 2005.

14. Scannell L, Gifford R. The experienced psychological benefits of place attachment. J Environ Psychol

[Internet]. 2017 Aug 1 [cited 2019 Jun 2]; 51:256–69. Available from: https://www.sciencedirect.com/

science/article/abs/pii/S0272494417300518

15. Devine-Wright P. Rethinking NIMBYism: The role of place attachment and place identity in explaining

place-protective action. J Community Appl Soc Psychol [Internet]. 2009 Nov 1 [cited 2019 Jun 2]; 19

(6):426–41. Available from: http://doi.wiley.com/10.1002/casp.1004

16. Rubinstein RI, Parmelee PA. Attachment to place and the representation of the life course by the

elderly. In: Place Attachment [Internet]. Boston, MA: Springer US; 1992 [cited 2019 Jun 2]. p. 139–63.

Available from: http://link.springer.com/10.1007/978-1-4684-8753-4_7

17. Burholt V. “Adref”: theoretical contexts of attachment to place for mature and older people in rural North

Wales. Environ Plan A Econ Sp [Internet]. 2006 Jun 1 [cited 2019 Jun 2]; 38(6):1095–114. Available

from: http://journals.sagepub.com/doi/10.1068/a3767

18. Gilleard C, Hyde M, Higgs P. The impact of age, place, aging in place, and attachment to place on the

well-being of the over 50s in England. Res Aging [Internet]. 2007 Nov 17 [cited 2019 Jun 2]; 29(6):590–

605. Available from: http://journals.sagepub.com/doi/10.1177/0164027507305730

19. Devine-Wright P. Think global, act local? The relevance of place attachments and place identities in a

climate changed world. Glob Environ Chang [Internet]. 2013 Feb 1 [cited 2019 Jun 2]; 23(1):61–9. Avail-

able from: https://www.sciencedirect.com/science/article/abs/pii/S0959378012001100

20. Groulx M, Lewis J, Lemieux C, Dawson J. Place-based climate change adaptation: a critical case study

of climate change messaging and collective action in Churchill, Manitoba. Landsc Urban Plan [Internet].

2014 Dec 1 [cited 2019 Jun 2]; 132:136–47. Available from: https://www.sciencedirect.com/science/

article/pii/S0169204614002126

21. Kellert SR, Wilson EO, editors. The Biophilia hypothesis. Island Press; 1993.

Impact of framing on climate action

PLOS ONE | https://doi.org/10.1371/journal.pone.0228963 February 25, 2020 15 / 17

http://www.pnas.org/cgi/doi/10.1073/pnas.1704949114
http://www.pnas.org/cgi/doi/10.1073/pnas.1704949114
http://www.ipcc.ch/report/sr15/
http://www.ncbi.nlm.nih.gov/pubmed/29096948
http://www.ncbi.nlm.nih.gov/pubmed/29096948
http://www.ncbi.nlm.nih.gov/pubmed/29096948
http://doi.apa.org/getdoi.cfm?doi=10.1037/a0023566
http://doi.apa.org/getdoi.cfm?doi=10.1037/a0023566
http://www.ncbi.nlm.nih.gov/pubmed/21553954
https://www.sciencedirect.com/science/article/abs/pii/S0959378010000610
http://doi.wiley.com/10.1111/risa.12601
http://www.ncbi.nlm.nih.gov/pubmed/26989845
http://journals.sagepub.com/doi/10.1177/1745691615598516
http://journals.sagepub.com/doi/10.1177/1745691615598516
http://www.ncbi.nlm.nih.gov/pubmed/26581732
http://link.springer.com/10.1057/gpp.2008.44
https://search.proquest.com/openview/384fd868d08c1a72835b873bb8bc2590/1?pq-origsite=gscholar&cbl=2034866
https://search.proquest.com/openview/384fd868d08c1a72835b873bb8bc2590/1?pq-origsite=gscholar&cbl=2034866
https://www.tandfonline.com/doi/full/10.1080/08959420.2018.1462676
http://www.ncbi.nlm.nih.gov/pubmed/29652603
https://www.sciencedirect.com/science/article/abs/pii/S0272494417300518
https://www.sciencedirect.com/science/article/abs/pii/S0272494417300518
http://doi.wiley.com/10.1002/casp.1004
http://link.springer.com/10.1007/978-1-4684-8753-4_7
http://journals.sagepub.com/doi/10.1068/a3767
http://journals.sagepub.com/doi/10.1177/0164027507305730
https://www.sciencedirect.com/science/article/abs/pii/S0959378012001100
https://www.sciencedirect.com/science/article/pii/S0169204614002126
https://www.sciencedirect.com/science/article/pii/S0169204614002126
https://doi.org/10.1371/journal.pone.0228963


22. Scott TL, Masser BM, Pachana NA. Exploring the health and wellbeing benefits of gardening for older

adults. Ageing Soc [Internet]. 2015 Nov 27 [cited 2019 Jun 2]; 35(10):2176–200. Available from: https://

www.cambridge.org/core/product/identifier/S0144686X14000865/type/journal_article

23. Musselwhite C, Haddad H. Mobility, accessibility and quality of later life [Internet]. Vol. 11, Quality in

Ageing. Emerald Group Publishing Limited; 2010 [cited 2019 Jun 2]. p. 25–37. Available from: http://

www.emeraldinsight.com/doi/10.5042/qiaoa.2010.0153

24. Kerr J, Marshall S, Godbole S, Neukam S, Crist K, Wasilenko K, et al. The relationship between outdoor

activity and health in older adults using GPS. Int J Environ Res Public Health [Internet]. 2012 Dec [cited

2019 Jun 2]; 9(12):4615–25. Available from: http://www.ncbi.nlm.nih.gov/pubmed/23330225 PMID:

23330225

25. Lang FR, Carstensen LL. Time counts: future time perspective, goals, and social relationships. Psychol

Aging [Internet]. 2002 Mar [cited 2019 Jun 2]; 17(1):125–39. Available from: http://www.ncbi.nlm.nih.

gov/pubmed/11931281 PMID: 11931281

26. Zaval L, Markowitz EM, Weber EU. How will I be remembered? Conserving the environment for the

sake of one’s legacy. Psychol Sci [Internet]. 2015 Feb [cited 2016 Oct 31]; 26(2):3–19. Available from:

http://www.ncbi.nlm.nih.gov/pubmed/25560825

27. Smyer MA. Greening gray: climate action for an aging world. Public Policy Aging Rep [Internet]. 2017

Feb 1 [cited 2019 Jun 2]; 27(1):4–7. Available from: https://academic.oup.com/ppar/article-lookup/doi/

10.1093/ppar/prw028

28. Hauser DJ, Schwarz N. Attentive turkers: MTurk participants perform better on online attention checks

than do subject pool participants. Behav Res Methods. 2016; 48(1):400–7. https://doi.org/10.3758/

s13428-015-0578-z PMID: 25761395

29. Schneider CR, Zaval L, Weber EU, Markowitz EM. The influence of anticipated pride and guilt on pro-

environmental decision making. Bastian B, editor. PLoS One [Internet]. 2017 Nov 30 [cited 2019 Jun 2];

12(11). Available from: https://dx.plos.org/10.1371/journal.pone.0188781

30. Perkins HE. Measuring love and care for nature. J Environ Psychol. 2010; 30(4):455–63.

31. Miceli R, Sotgiu I, Settanni M. Disaster preparedness and perception of flood risk: a study in an alpine

valley in Italy. J Environ Psychol [Internet]. 2008 Jun 1 [cited 2018 Oct 16]; 28(2):164–73. Available

from: https://www-sciencedirect-com.libproxy.uccs.edu/science/article/pii/S0272494407000904

32. Steinberg L, Graham S, Brien LO, Woolard J, Banich M, Development SC, et al. Age differences in

future orientation and delay discounting. Child Dev. 2015; 80(1):28–44.

33. Ersner-Hershfield H, Garton MT, Ballard K, Samanez-Larkin GR, Knutson B. Don’t stop thinking about

tomorrow: individual differences in future self-continuity account for saving. Judgm Decis Mak [Internet].

2009 [cited 2018 Mar 13]; 4(4):280–6. Available from: http://journal.sjdm.org/9310/jdm9310.pdf PMID:

19774230

34. Mostafa MM. Post-materialism, religiosity, political orientation, locus of control and concern for global

warming: a multilevel analysis across 40 nations. Soc Indic Res [Internet]. 2016 Sep 29 [cited 2016 Oct

25]; 128(3):1273–98. Available from: http://link.springer.com/10.1007/s11205-015-1079-2

35. Greenberg J, Pyszczynski T, Solomon S, Simon L, Breus M. Role of consciousness and accessibility of

death-related thoughts in mortality salience effects. J Pers Soc Psychol [Internet]. 1994 [cited 2016 Oct

31]; 67(4):627–37. Available from: http://doi.apa.org/getdoi.cfm?doi=10.1037/0022-3514.67.4.627

PMID: 7965609

36. Capaldi CA, Dopko RL, Zelenski JM. The relationship between nature connectedness and happiness: a

meta-analysis. Front Psychol [Internet]. 2014 Sep 8 [cited 2018 Oct 16]; 5:976. Available from: http://

journal.frontiersin.org/article/10.3389/fpsyg.2014.00976/abstract PMID: 25249992

37. Baron RM, Kenny DA. The moderator–mediator variable distinction in social psychological research:

conceptual, strategic, and statistical considerations. J Pers Soc Psychol [Internet]. 1986 [cited 2019 Jun

2]; 51(6):1173–82. Available from: http://doi.apa.org/getdoi.cfm?doi=10.1037/0022-3514.51.6.1173

PMID: 3806354

38. Hayes AF, Little TD. Introduction to mediation, moderation, and conditional process analysis: a regres-

sion-based approach [Internet]. [cited 2019 Jun 2]. 692 p. Available from: https://www.guilford.com/

books/Introduction-to-Mediation-Moderation-and-Conditional-Process-Analysis/Andrew-Hayes/

9781462534654

39. United Nations, Department of Economic and Social Affairs PD. World population prospects: the 2015

revision, key findings and advance tables [Internet]. New York, United States. 2015 [cited 2019 Jun 2].

Available from: https://esa.un.org/unpd/wpp/publications/files/key_findings_wpp_2015.pdf

40. National Academies of Science, Panel on Informing Effective Decision and Actions Related to Climate

Change, Board on Atmospheric Sciences and Climate D on E and LS. Informing an effective response

to climate change (America’s climate choices). 2011 May 11 [cited 2019 Jun 2]; Available from: http://

www.nap.edu/catalog/12781

Impact of framing on climate action

PLOS ONE | https://doi.org/10.1371/journal.pone.0228963 February 25, 2020 16 / 17

https://www.cambridge.org/core/product/identifier/S0144686X14000865/type/journal_article
https://www.cambridge.org/core/product/identifier/S0144686X14000865/type/journal_article
http://www.emeraldinsight.com/doi/10.5042/qiaoa.2010.0153
http://www.emeraldinsight.com/doi/10.5042/qiaoa.2010.0153
http://www.ncbi.nlm.nih.gov/pubmed/23330225
http://www.ncbi.nlm.nih.gov/pubmed/23330225
http://www.ncbi.nlm.nih.gov/pubmed/11931281
http://www.ncbi.nlm.nih.gov/pubmed/11931281
http://www.ncbi.nlm.nih.gov/pubmed/11931281
http://www.ncbi.nlm.nih.gov/pubmed/25560825
https://academic.oup.com/ppar/article-lookup/doi/10.1093/ppar/prw028
https://academic.oup.com/ppar/article-lookup/doi/10.1093/ppar/prw028
https://doi.org/10.3758/s13428-015-0578-z
https://doi.org/10.3758/s13428-015-0578-z
http://www.ncbi.nlm.nih.gov/pubmed/25761395
https://dx.plos.org/10.1371/journal.pone.0188781
https://www-sciencedirect-com.libproxy.uccs.edu/science/article/pii/S0272494407000904
http://journal.sjdm.org/9310/jdm9310.pdf
http://www.ncbi.nlm.nih.gov/pubmed/19774230
http://link.springer.com/10.1007/s11205-015-1079-2
http://doi.apa.org/getdoi.cfm?doi=10.1037/0022-3514.67.4.627
http://www.ncbi.nlm.nih.gov/pubmed/7965609
http://journal.frontiersin.org/article/10.3389/fpsyg.2014.00976/abstract
http://journal.frontiersin.org/article/10.3389/fpsyg.2014.00976/abstract
http://www.ncbi.nlm.nih.gov/pubmed/25249992
http://doi.apa.org/getdoi.cfm?doi=10.1037/0022-3514.51.6.1173
http://www.ncbi.nlm.nih.gov/pubmed/3806354
https://www.guilford.com/books/Introduction-to-Mediation-Moderation-and-Conditional-Process-Analysis/Andrew-Hayes/9781462534654
https://www.guilford.com/books/Introduction-to-Mediation-Moderation-and-Conditional-Process-Analysis/Andrew-Hayes/9781462534654
https://www.guilford.com/books/Introduction-to-Mediation-Moderation-and-Conditional-Process-Analysis/Andrew-Hayes/9781462534654
https://esa.un.org/unpd/wpp/publications/files/key_findings_wpp_2015.pdf
http://www.nap.edu/catalog/12781
http://www.nap.edu/catalog/12781
https://doi.org/10.1371/journal.pone.0228963


41. Zaval L. Behavioural science: culture and climate action. Nat Clim Chang [Internet]. 2016 Dec 24 [cited

2019 Jun 2]; 6(12):1061–2. Available from: http://www.nature.com/articles/nclimate3164

42. Capraro, V., Jagfeld G., Klein, R., Mul, M., van de Pol, I. Increasing altruistic and cooperative behaviour

with simple moral nudges.(March 9, 2018) [cited 2019 September 20] Forthcoming in Scientific Reports

Available from: https://ssrn.com/abstract=3064004

43. Roser-Renouf, C., Maibach, E., Leiserowitz, A., Feinberg, G., Rosenthal, S., & Kreslake J. Global

warming’s six americas, October 2014: perception of the health consequences of global warming and

update on key beliefs [Internet]. New Haven, CT; 2014 [cited 2019 Jun 2]. Available from: https://

climatecommunication.yale.edu/publications/global-warmings-six-americas-perceptions-of-the-health-

risks/

Impact of framing on climate action

PLOS ONE | https://doi.org/10.1371/journal.pone.0228963 February 25, 2020 17 / 17

http://www.nature.com/articles/nclimate3164
https://ssrn.com/abstract=3064004
https://climatecommunication.yale.edu/publications/global-warmings-six-americas-perceptions-of-the-health-risks/
https://climatecommunication.yale.edu/publications/global-warmings-six-americas-perceptions-of-the-health-risks/
https://climatecommunication.yale.edu/publications/global-warmings-six-americas-perceptions-of-the-health-risks/
https://doi.org/10.1371/journal.pone.0228963

