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Abstract

Recent research promotes comparing the current state of the environment with the past

(and not the future) to increase the pro-environmental attitudes of those on the political right.

We aimed to replicate this temporal framing effect and extend on research in this area by

testing the potential drivers of the effect. Across two large-scale replication studies, we

found limited evidence that past comparisons (relative to future comparisons) increase pro-

environmentalism among those with a more conservative political ideology, thus precluding

a full investigation into the mediators of the effect. Where the effect was present, it was not

consistent across studies. In Study One, conservatives reported greater certainty that cli-

mate change was real after viewing past comparisons, as the environmental changes were

perceived as more certain. However, in Study Two, the temporal framing condition inter-

acted with political orientation to instead undermine the certainty about climate change

among political liberals in the past-focused condition. Together, these studies present the

first evidence of backfire from temporal frames, and do not support the efficacy of past com-

parisons for increasing conservatives’ environmentalism. We echo recent calls for open sci-

ence principles, including preregistration and efforts to replicate existing work, and suggest

the replication of other methods of inducing temporal comparisons.

Introduction

Climate change is a politically polarized issue, with liberals often supporting climate action

and conservatives more likely to deny the existence of climate change [1]. This is particularly

the case in Anglosphere nations, including the United States, Australia and the United King-

dom [2, 3]. The conservative movement against climate science has damaged climate change

mitigation efforts by undermining the perceived strength of the evidence for climate change,

as shown by the United States failing to meet obligations under the Kyoto Protocol [4] and its

more recent withdrawal from the Paris agreement [5, 6].
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A recent meta-analysis demonstrated that conservative ideology and right-wing votership

are stronger predictors of climate change denial than other demographic correlates such as

gender, age, and education [1]. This means that the denial of climate change is potentially

driven by stable ideological factors, thus explaining the ineffectiveness of climate change com-

munication strategies that rely on merely conveying the scientific information [7, 8]. Climate

change communication strategies must overcome ideological barriers, not information defi-

cits, to motivate action.

One proposed strategy to increase the effectiveness of climate change communication for

conservatives has been to employ message frames that align with their apparent preference for

the past. Previous research has shown that message frames that use a past-focused frame (for

example, by comparing the current state of the environment to how it used to be) rather than a

future-focused frame (comparing the current state of the environment to how it will be in the

future), eliminates the negative effect of conservatism on pro-environmental attitudes [9]. Our

research aims to replicate and extend on literature that positions the temporal framing of envi-

ronmental issues as a way to bridge the ideological divide between conservatives’ and liberals’

environmental attitudes in several important ways. Firstly, explanations for the effect are lim-

ited and were not tested in the original research. Secondly, it is unclear if the temporal framing

effect observed on pro-environmental attitudes extends to motivate more meaningful forms of

environmentalism, such as increasing pro-environmental action, support for climate policy, or

acceptance of climate change. Finally, the effect has yet to be replicated with a multidimen-

sional representation of political ideology. Our program of research aims to address these

limitations.

Conservative denial of climate change

Political affiliation is an important predictor of environmental attitudes [1]. When compared

to their left-wing or liberal counterparts, those with a right-wing or conservative political ori-

entation are typically more skeptical of climate change science [10, 11], hold less positive pro-

environmental attitudes [12], and are more opposed to climate change policy [13]. Given this,

much focus has been on understanding the mechanisms that drive conservatives’ denial of cli-

mate change and climate inaction.

One likely reason why climate change is politically polarised is that from the 1990s, conser-

vative think tanks responded to the environmentalist movement with a series of messages that

sought to undermine action on climate change [14]. These messages attempted to shroud the

scientific basis of climate change in doubt, emphasized the harm that mitigating action would

cause to the economy or national security, and claimed that on balance, the effects of climate

change would be positive (e.g. benefitting agriculture, human quality of life and health). Over

90% of books that refute climate change have since been linked to conservative think tanks

[15, see also 16], and climate change counter-movement organisations appear to draw the

majority of their financial support from conservative foundations [17]. Oreskes and Conway

[18] suggest that conservative opposition to international agreements on climate change is also

driven by the perception that such action threatens the free market economic system.

Climate change communications have shown some success in motivating belief and action

on climate change; however, they are not equally persuasive to members of different groups,

thus suggesting a tailored approach (i.e. segmentation [19, 20]). Potentially contributing to the

ideological divide on climate change, most communication strategies tend to frame climate

change in ways that appeal to liberals and their values. For instance, existing appeals have

found greater success motivating those holding a liberal political ideology through highlighting

action on climate change as reflecting values of harm and care [19], necessary for the future
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[9], or by describing those at risk of the effects of climate change [21]. These messages each

construct climate change as relevant to liberal values, such as environmental preservation or

equity. Further still, these same messages have either been ineffective for conservatives or have

amplified conservatives’ doubt regarding climate change, thus exerting the opposite intended

effect [21]. Together, these studies provide support for taking a segmented approach to com-

munications, which involves developing and implementing messages that align with certain

political ideologies, in order to achieve broad-based political support for climate action.

Promoting (or demotivating) conservative engagement with climate change

Currently, some evidence suggests conservatives are sensitive to subtle changes in the framing

of climate change. For example, denial is higher among conservatives when the issue is

referred to as ‘global warming’ rather than ‘climate change’, while liberals are concerned about

the issue regardless of wording [22, though see 23]. Liberals and conservatives also differ on

dimensions such as personality and values [24], and moral foundations [25], which have been

leveraged in communication campaigns to increase conservative support for climate action.

Analyses of the content of conservative messages refuting climate change suggest that this

group is particularly sensitive to threats to the socioeconomic system [14]. With this knowl-

edge, Feygina, Jost and Goldsmith [26] developed a message that framed pro-environmental

behaviour as preserving the current way of life. This was effective in increasing pro-environ-

mental intentions among those high in system justification (one pillar of conservative political

ideology [27]). Consistent with the sensitivity towards protecting the economic system, con-

servatives are less supportive of a pro-environmental society when this is described at the

expense of the economy [28]. Given that conservatives may favour economic concerns, it is

logical to assume that framing climate change inaction as costly might skew decisions in favour

of the environment. However, while Clayton, Koehn and Grover [29] replicated the main

effect of political ideology on environmental attitudes, their frame emphasizing the economic

harm associated with environmental disaster in the context of an oil spill was ineffective. Fur-

thermore, emphasizing the threat to national security associated with climate change caused a

backfire effect among those dismissive or doubtful about the issue, instead making them feel

more anger and less hope [30]. Broadly speaking, a backfire effect is when a climate message

intended to increase a specific positive climate outcome results in the opposite effect, and this

is more likely to occur when information presented in a message challenges an individual’s

pre-existing political beliefs [21]. Further supporting this, another study found that four sepa-

rate positive frames urging climate policy action (including national security and economic

opportunity frames) did not increase belief in anthropogenic climate change [31]. Therefore,

while conservatives might be particularly sensitive to threats to the system, including economic

and security threats, there is little evidence that framing environmental messages to align with

these threats increases environmentalism.

Environmental messages have also been tailored to target moral preferences held more

strongly by conservatives. People across the political spectrum typically hold varying moral

preferences: liberals value individualizing foundations of harm, care, and fairness, and conser-

vatives prefer binding foundations such as respect and ingroup loyalty [32, 33, but see 34].

Consistent with these preferences, Kidwell et al. [35] have shown that an appeal based on bind-

ing moral foundations increases conservatives’ recycling intentions and behaviour, and is

rated as clearer and more credible than a message based on individualizing foundations.

Wolsko et al. [36] similarly demonstrated that environmental appeals that reference purity,

obeying authority, or environmentalism as an act of patriotism, which can be broadly catego-

rized as aligning with binding moral foundations, show promise in increasing conservatives’
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environmental conservation intentions. Importantly, these findings show that targeting a mes-

sage that resonates with conservative values may also backfire for liberals.

Related to concerns about purity, conservatives are especially sensitive to disgust triggered

by contamination concerns [37]. However, while some framing studies demonstrate that

health frames elicit hope [30], or increase pro-environmental attitudes (though not action

[38]), those studies that consider the interaction between frames and political ideology paint a

more complicated picture. Health frames can backfire to decrease climate policy support

among conservatives [21], are rated as more biased by those who are dismissive of climate

change [39], and may even backfire for liberals [40]. Although health frames may be rated

overall more positively than messages emphasizing the economic, environmental, moral, or

national security implications of climate change, Feldman and Hart [41] noted that Republi-

cans do not show this preference. Taken together, current attempts to promote action by

appealing to conservative values have returned mixed results.

Instead of leveraging conservative values in message frames, researchers have turned to the

conservative preference for the past. Baldwin and Lammers [9] suggest that the temporal focus

of many environmental campaigns does not align with conservatives’ preference for the past.

Importantly, while environmental campaigns highlight the future consequences that might be

encountered—or avoided—depending on our actions, this focus on the future might lead con-

servatives to disengage from climate change communication specifically. Supporting this,

Baldwin and Lammers [9] demonstrated that conservatives rate messages that compare how

the environment is now to how it was in the past more favourably than those comparing the

current state of the environment to its projected state in the future (Study 1–3). The authors

suggest that conservatives have this preference because they hold “a resistance to progressive

change” (p. 14956). This preference for the past might explain why conservatives give more to

charities that are past-focused than future-focused (Study 4b & 5–6), and why existing climate

change communications, which are more often future-focused (Study 4a), are less successful at

motivating conservatives to act on climate change.

Providing support for the generality of the temporal framing effects, Lammers and Baldwin

[42] recently showed that similar past comparisons broaden to build conservative support for

other issues typically supported by liberals. Presenting conservatives with idealised messages

comparing the present to the past increased support for issues such as gun control legislation,

social diversity, immigration, and leniency on crime. Conservatives were less supportive of the

same issues when messages compared the present to the future. Across these applications of

the temporal comparison manipulation, Baldwin and Lammers [9] and Lammers and Baldwin

[42] found very little evidence that the past-focused messages backfire among liberals, and

therefore past comparisons show promise in uniting attitudes on important issues.

Explanations for the temporal framing effect

While the research to date on temporal comparisons shows promise in motivating environ-

mentalism, explanations for the effect are limited and were not comprehensively tested in the

original research. Lammers and Baldwin [42] speculated that conservatives prefer past com-

parisons because they are more prone to experiences of nostalgia. In one study, they manipu-

lated temporal focus by presenting a message about social diversity within a vintage comic

(past-focused) versus a modern comic. Feelings of nostalgia explained conservatives’ greater

acceptance of a social diversity message from a vintage comic (compared to a modern-style

comic; Study 5). They also showed that conservative support for social justice appeals as people

“getting what they deserve” (which we note could instead be interpreted as meritocracy or sys-

tem justification, principles that conservatives are known to prefer [27]) is higher with a past-

PLOS ONE Replicating the temporal framing effect on environmentalism

PLOS ONE | https://doi.org/10.1371/journal.pone.0246058 February 11, 2021 4 / 34

https://doi.org/10.1371/journal.pone.0246058


focus, and this effect is driven by conservatives’ greater dispositional nostalgia (Study 6).

Together, this research hints at the role of nostalgia underlying conservatives’ receptiveness to

past-focused messages, as both nostalgia invoked from a message (state nostalgia, Study 5) and

stable individual differences in nostalgia (trait nostalgia, Study 6) help to explain the associa-

tion between political orientation and support for liberal issues.

This potential explanation for the temporal framing effect, and its impact on conservatives,

was not tested in the series of experiments reported in Baldwin and Lammers [9] on motivat-

ing pro-environmentalism. Furthermore, Lammers and Baldwin [42] suggest a “positive evalu-

ation of the past” (p. 600) is a core pillar of conservative ideology. This seems reasonable, but

has not been empirically tested. A positive evaluation of the past implies that conservatives

may tend towards endorsing a past-positive time perspective [43], which is a general construct

capturing the extent one thinks about the past, and the valence of these thoughts. No time per-

spective measure was included in the temporal framing research, though previous nostalgia

measures have been developed from the past positive dimension of time perspective (e.g. [44]),

and there are robust positive associations between future time perspective and greater pro-

environmentalism [45]. Therefore, the association between political ideology and perceptions

of time ought to be explored further, especially if the political polarization of climate change is

attributed to a fundamental difference in temporal focus.

Another potential explanation for the temporal framing effect is that conservatives are less

convinced by future-focused messages because these are characterised by greater uncertainty

(what might happen in the future) than past-focused messages (what has already happened).

Baldwin and Lammers [9] first raised—and dismissed—the possibility that the temporal fram-

ing effect is driven by a type of perceived uncertainty. They operationalised uncertainty in a

general way: their participants rated the extent they experienced feelings of uncertainty (e.g.

feeling restless, unsure) after viewing the temporal comparison images. These general feelings

of uncertainty did not eliminate the effect of the temporal comparison manipulation. How-

ever, they did find a marginally significant interaction between feelings of uncertainty and

political orientation, with conservatives reporting greater feelings of uncertainty than liberals

in the future-focused condition. They also measured the need for cognitive closure, which is a

motivated tendency to avoid confusion and ambiguity [46]. Although conservatives scored

higher in this construct, it did not interact with the temporal framing condition to influence

environmentalism.

While these analyses were taken as evidence that the temporal framing effect was not

explained by differences between felt uncertainty in past- and future-focused conditions,

these uncertainty constructs are a step removed from (un)certainty about the environmental

changes themselves. Specifically, Baldwin and Lammers’ measures refer to vague ‘feelings’ of

uncertainty that are not explicitly directed towards the image rating task, and stable individual

differences in need for certainty. However, it is possible that the past-comparisons themselves

are viewed as more certain (this has already happened) than future-comparisons (this might

happen in future), independent of general feelings of uncertainty. If it is the case that past

comparisons are viewed as representing more certain environmental changes than future com-

parisons, then this may explain why conservatives, who are more sensitive to the need for cer-

tainty, respond more favourably to past comparisons.

Those who are less certain about several aspects of climate change, including whether it is

happening, how serious it will be, and the extent of scientific agreement on the issue, are less

concerned about the issue and have lower intentions to act in pro-environmental ways [47].

These are aspects of psychological distance. Another dimension of psychological distance is

temporal distance: those who believe we will not feel the effects of climate change until further

in the future show the same pattern of disengagement. Changes that have already occurred are
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likely more psychologically ‘close’ along temporal and certainty distance dimensions than

changes that may occur in the future. It is possible that the past comparisons increase environ-

mentalism through decreasing the perceived temporal distance of climate change. Previous

research manipulating psychological distance is inconsistent though [48], so while this expla-

nation is less convincing, it warrants testing.

Our research aims to explore the potential mechanisms underlying the temporal framing

effects, and to extend the work conducted to date. We also aim to test what forms of environ-

mentalism shift in response to temporal frames. Baldwin and Lammers’ [9] third study used

the new environmental paradigm (NEP [49]), as the only environmental indicator. The NEP

has been criticised for lacking construct validity—it could be capturing a general environmen-

tal worldview, attitudes, values, or concern, and indeed has been used as a proxy for all of these

things [50]. Other framing research has demonstrated that while frames might increase sup-

port for some aspects of environmentalism, they might simultaneously decrease support for

other environmental indicators. In particular, Levine and Kline [38] observed a simultaneous

increase in policy support and decrease in activism intentions in response to their climate

change frame appealing for action to improve one’s own material wellbeing. It is therefore

important to examine whether the temporal framing effect affects other forms of environmen-

talism, including support for climate change policy, given that the original aim of the conserva-

tive countermovement was to undermine support for environmental policy [4].

We also note that Baldwin and Lammers [9] indexed political ideology along a single left-

right dimension. This standard approach to measuring political ideology is potentially prob-

lematic, as individuals may be unwilling to identify with either “liberal” or “conservative”

labels due to perceived negative connotations of the terms [51], or a lack of understanding of

what the labels refer to [52], or because some may not equate ‘liberal’ with ‘left-wing’ and ‘con-

servative’ with ‘right-wing’. Furthermore, a single dimension does not represent those whose

political views are compiles (e.g., those who are socially conservative but economically liberal

[53, 54]). This has prompted other researchers to attempt to understand the drivers of conser-

vative climate denial by first considering the origins of political ideology, and its multidimen-

sional nature.

Views on both the environment [55] and politics [27] are predicated on more foundational

beliefs about how the social world ought to be structured (in a strict hierarchy, versus egalitar-

ian) and controlled (strong, tough governance, versus individual freedom). These ideological

stances are indexed by social dominance orientation (SDO [56]), the relative tolerance of

inequality and intergroup dominance, and right-wing authoritarianism (RWA [57]), which

refers to a tendency to submit to authorities, commit to norms and traditions, and a preference

for strict, punitive leadership. Although both RWA and SDO constructs were originally con-

ceptualised as personality traits, more recent literature considers them to be measures of ideo-

logical belief systems [27], which can be used to index the underlying dimensions of political

ideology. Those oriented towards social dominance and authoritarianism typically deny cli-

mate change at similar rates [58] and are generally less willing to make sacrifices in their per-

sonal lives for the benefit of the environment [59, 60].

Recent advances in the measurement of both social dominance and authoritarianism delin-

eate them into multidimensional constructs. Anti-egalitarianism (or SDO-E) is the rejection of

group-based equality, and support for dominance (SDO-D) entails a preference for high-status

groups’ active oppression over subordinate groups [61]. In the environmental sphere, endorse-

ment of SDO-E is associated with the rejection of climate science and an unwillingness to

make personal sacrifices for the environment, while SDO-D is a weak or inconsistent predictor

[62, 63]. The dimensions of RWA include favouring assertive, punitive social control (referred

to in the literature as Authoritarianism or Authoritarian Aggression), submitting to authority
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(labelled Conservatism or Submission), and traditional values and norms (Traditionalism or

Conventionalism). Reese [64] found that the preference for tradition and authoritarian aggres-

sion were associated with lower pro-environmentalism, while willingness to submit to author-

ity predicted increased pro-environmentalism. Clarke et al. [62] similarly showed that those

who favoured traditionalism were more likely to deny climate change in many forms, through

greater rejection of the science, existence, impacts, and anthropogenic nature of climate

change.

Taken together, limited evidence therefore points to traditionalism as most consistently

underlying the RWA-environmentalism link, and SDO-E as explaining why those who score

relatively higher in SDO are less pro-environmental. Importantly, the patterns of associations

in this work point to the utility of considering political ideology as an expression of SDO and

RWA, and supports the separation of these constructs into two (for SDO) and three (for

RWA) dimensions, respectively.

Current studies

We aim to replicate and extend Baldwin and Lammers’ [9] third study, where participants

were shown images of environmental changes that either have occurred (comparing past with

present) or will occur (comparing present with future). We will do this using a larger sample,

recruited from two countries where climate change is heavily politicized: the United States

(Study One) and the United Kingdom (Study Two). In addition to the liberal-conservatism

continuum used by Baldwin and Lammers, in Study One, we include SDO as one of the under-

lying dimensions of political conservatism to examine how the temporal comparison frames

operate across individual differences in support for intergroup dominance (SDO-D) and

inequality (SDO-E). We extend on this analysis of the foundational ideological attitudes

underlying the temporal framing effect in Study Two by also including the dimensions

of RWA. We first aim to replicate their main interaction between political ideology and tem-

poral focus, and then extend this work by testing the possible explanations for these effects

outlined above: perceived certainty, psychological distance, nostalgia, and past positive time

perspective.

Study one

In Study One, we aimed to replicate Baldwin and Lammers’ [9] temporal framing effect,

expecting to find that this interacts with political orientation to influence environmentalism.

We employed a 7-point political ideology scale so we could directly compare our results to

those of Baldwin and Lammers, who also used a single item measure of political ideology. We

expected to observe the same pattern of results as the original study, with liberals endorsing

greater pro-environmentalism than conservatives (regardless of framing condition), and the

past frame closing the gap between liberal and conservative responses. These analyses are

repeated with the dimensions of SDO in place of political orientation, to see whether we could

replicate and extend upon Baldwin and Lammer’s findings with a more nuanced measure of

political orientation. We expected that individual differences in the anti-egalitarianism compo-

nent would predict responses to the frame.

We also examine the possible mechanisms behind the temporal framing effect, and

expected greatest support for our certainty explanation: that the reason conservatives are more

responsive to the past frame is because the environmental changes are perceived as more cer-

tain in this condition than are the projected changes reported in the future-focused condition.

Lastly, although previous research implies that conservatives may have a preference for the
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past, we empirically test this in Study One by examining the correlations between ideology and

time perspective dimensions.

Method

Participants

Participants were recruited via Prolific and compensated US$1.83 for completing the ten-min-

ute survey. Participation was limited to those living in the United States (consistent with [9]).

As we aimed to replicate Baldwin and Lammers’ [9] finding, as well as extend on this research

by examining what might underlie this effect (i.e. time perspective, nostalgia, psychological

distance, certainty), we aimed to at least double the authors’ average sample size, increasing

this by a buffer of 10% in case of participant withdrawal or missing data. To recruit a roughly

even distribution of individuals across the political spectrum, we alternated between open

recruitment and recruiting conservatives only, which returned a relatively normal distribution

across the political orientation spectrum (M = 3.72, SD = 1.87 on a 7-point scale from very lib-

eral to very conservative). The final sample consisted of 535 U.S. adults (51.6% male) between

18 and 73 years old (M = 32.61, SD = 12.17).

The University of Canberra Human Ethics Committee granted ethical approval for both

Study One and Study Two, and in both cases participants consented to participating in the

research by continuing on to the survey after reading an onscreen information sheet. Data for

both Study One and Study Two are publicly available on the OSF: https://osf.io/uydgf/

Materials and procedure

Part I. Participants were asked to locate their political views on a 7-point scale from 1

(very liberal) to 7 (very conservative). We also administered the 8-item SDO scale [61], which

assessed agreement with SDO-E (e.g. “We should do what we can to equalize conditions for

different groups”, α = .85) and SDO-D (e.g. “Some groups of people are simply inferior to

other groups”, α = .78), which participants responded to on 7-point Likert scales.

Participants also completed Zhang, Howell and Bowerman’s [65] 15-item Shortened Zim-

bardo Time Perspective Inventory. We opted for this shortened version rather than the full

(56-item) original version of the scale to avoid participant fatigue. This measure indexed pres-

ent hedonistic (“I make decisions on the spur of the moment”, α = .72), present fatalistic

(“Since whatever will be will be, it doesn’t really matter what I do”, α = .52), past negative (“I

think about the bad things that have happened to me in the past”, α = .89), past positive (“I

enjoy stories about how things used to be in the ‘good old times’”, α = .68), and future positive

time perspective (“I complete projects on time by making steady progress”, α = .73) with three

items each. The alphas of some of these ZTPI subscales was below the standard threshold for

reliability, which is often the case with shortened scales, and may be a limitation of this work.

Zimbardo’s work on time perspective does not include a future-negative perspective, so we

included four items adapted from previous scales [66–69] that were acceptably reliable (α =

.79, example item: “I am uncertain about my future”). For all time perspective items, partici-

pants indicated on a 5-point scale the extent to which the statement was very untrue to very

true of them.

Participants also completed Baldwin, White and Sullivan’s [70] nostalgia measure (α = .82)

by rating the extent to which they feel “nostalgic”, “sentimental” and “longing” from not at all

(1) to a great deal (5). To get a similar estimate of the extent to which participants experienced

future-directed emotions, participants used the same scale to rate the extent to which they

were “excited for the future”, “looking forward to what comes next in life”, and “eagerly antici-

pating the future” (α = .92).
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Part II. Participants were randomly allocated to either the past- or future-focused condi-

tion and shown a series of 14 photograph pairs used in Baldwin and Lammers [9]. In the past-

focused condition, these showed a set of environmental changes where the more pristine envi-

ronment was labelled ‘past’, and the degraded environment was labelled ‘present’. The same

series of image pairs were used in the future-focused condition, labelled ‘present’ (pristine)

and ‘future’ (degraded). To ensure that participants attended to the photographs, participants

rated the extent to which they believed the changes depicted in each photograph set were

caused by humans, using a sliding scale from 1 (entirely natural causes) to 100 (entirely

human causes).

Part III. Participants were then presented with items designed to measure the remainder

of our proposed mediators and the environmentalism measures.

Perceived certainty. We asked participants in the past-focused condition [and future-

focused condition] “How certain are you that the changes you saw in the photographs have

happened [will happen]?” on a sliding scale from 0 to 100.

Psychological distance. Spence et al.’s [47] item was used to measure the temporal distance

of climate change. Participants were asked “When, if at all, do you think the United States will

start feeling the effects of climate change?”, with response options from “we are already feeling

the effects” (1) to “never” (7), such that higher scores are recorded as greater experiences of

psychological distance.

Climate change belief. We used two related items (‘Climate change is real’ and ‘Climate

change is caused by humans’, r = .75, p< .001) to index belief in climate change. We also

asked participants to rate on a sliding scale how certain they were that climate change is hap-

pening (from 0 to 100) and, if they responded with anything above zero, what they think the

main causes of changes in climate are, from entirely natural causes to entirely human causes.

Willingness to sacrifice. Liu and Sibley’s [71] 2-item willingness to make sacrifices for the

environment scale measured willingness to make lifestyle and daily routine changes (r = .90,

p< .001).

Climate change policy support. We also employed Bateman and O’Connor’s [13] climate

change policy support scale, which gauges support for six mitigation strategies (e.g. “Cleaner

energy sources such as wind and solar power, and other renewable sources”, α = .90) and five

adaptation measures (e.g. “Managing tree species and forestry practices that are less vulnerable

to storms and fires related to climate change”, α = .88).

Behavioural measure. To test whether the temporal framing effect extends to activism, we

presented participants with two petitions they could choose to sign. Screenshots of two real

petitions were taken from Change.org and presented to participants with the option of signing

(see S1 Appendix). All details of the petitions were consistent (same picture used, edited to

appear that each had the same number of signatures), but one advertised ‘Stop Gov’t HOAX

Of Climate Change’, and the other ‘Acknowledge the Reality of Climate Change’. We asked

participants which, if any, they would like to sign, as they would get the link to the petition in

the debrief. However, the debrief instead explained that although both petitions they saw were

real, they were now closed and no longer accepting signatures.

Data analysis

We used the same data analytic strategy as Baldwin and Lammers [9]. Specifically, we began

by regressing each environmental outcome measure on condition (past-focused versus future-

focused) and political orientation (continuous measure from liberal to conservative) in one

step, and in a second step including the interaction term (political orientation � condition).

Where the interaction term was significant, this was followed up using the Johnson-Neyman
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technique (using the interactions package in R [72]) to determine at what point along the polit-

ical orientation spectrum significant differences emerged in liberals and conservatives to each

condition. These analyses were then repeated by including the two dimensions of SDO in

place of political orientation. For the categorical dependent variable, which asked participants

whether they would like to sign one of two petitions or no petition at all, we used multinomial

logistic regression in SPSS. This analysis was appropriate for the petition variable, as the

dependent variable was nominal, with mutually exclusive and exhaustive response options

(sign petition: yes—stop hoax, yes—acknowledge reality, no).

For our main analyses with political orientation, we also tested assumptions of regression

analysis. There were no major violations of linearity, normality or homoscedasticity for vari-

ables in the analyses. We did not detect any multivariate outliers (highest Mahalanobis’ dis-

tance was 7.66, Cook’s distance was .03). Multicollinearity was not an issue as the predictors

(political orientation, condition) were independent, and this assumption does not apply when

interaction terms are built within the regression to check for interaction effects.

We planned to follow up significant political orientation � condition interactions to test the

proposed explanations for the effects: certainty, psychological distance, nostalgia, and past pos-

itive time perspective. This followed Lammers and Baldwin’s [42] approach of mediated

moderation, using model 8 of the Process macro for SPSS [73] for mediators that may have

been affected by the frame (certainty, temporal distance), and model 15 for those mediators

that were thought to be more stable, and measured prior to the temporal framing manipula-

tion (nostalgia, past-positive time perspective). Assumptions of normality, homoscedasticity

and linearity were tested and met for all models.

Results and discussion

Replicating the temporal framing effect

Our first set of analyses, reported in Table 1, tested the efficacy of past- and future-focused

messages for individuals across the political ideology spectrum. We regressed each environ-

mental outcome variable separately onto condition (past versus future) and political orienta-

tion (continuous measure) in Step 1, and the interaction term (condition � political

orientation) in Step 2.

Table 1. Standardized regression coefficients regressing each DV on political orientation, condition, and the interaction term.

Climate change

belief

Climate change

certainty

Climate change

causes

Willing to

sacrifice

Support

mitigation

Support

adaptation

Step 1 R2 = .384��� R2 = .304��� R2 = .328��� R2 = .199��� R2 = .285��� R2 = .120���

Political orientation -.618��� -.546��� .572��� -.443��� -.532��� -.341���

Condition -.049 -.088� -.008 -.065 -.053 -.065

Step 2 ΔR2 = .002 ΔR2 = .009�� ΔR2 = .000 ΔR2 = .000 ΔR2 = .002 ΔR2 = .001

Political orientation -.499��� -.269� .592��� -.388�� -.393�� -.269�

Condition .031 .099 .005 -.028 .041 -.016

Political orientation X

condition

-.148 -.344�� -.024 -.068 -.173 -.090

Note.

��� p < .001,

�� p < .01,

� p < .05

https://doi.org/10.1371/journal.pone.0246058.t001
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Political orientation significantly predicted responses to all environmental outcome mea-

sures, with more conservative scorers giving less pro-environmental responses. Specifically,

greater conservatism was associated with lower belief in climate change, less certainty that cli-

mate change was happening, higher likelihood of attributing climate change to natural causes,

lower willingness to make sacrifices for the environment, and less support for mitigation and

adaptation strategies.

Temporal framing condition was only a significant predictor of responses to the certainty

measure (those in the past-focused condition reported slightly higher certainty), and this was

the only continuous outcome measure where we observed a significant political orientation �

condition interaction. Although the interaction was significant, the effect was small (ΔR2 =

.009). Following up this interaction using the Johnson-Neyman analysis indicated that the

temporal framing effect emerged beyond a score of 3.40 on the liberal-conservative scale. That

is, participants who placed their political orientation at the midpoint or on the conservative

side of the scale (N = 280) were significantly (p< .05) more certain that climate change is hap-

pening in the past-focused condition than the future-focused condition (see Fig 1). For partici-

pants identifying as liberal, their degree of certainty that climate change is happening is about

the same, regardless of framing condition. Although conservatives are more certain in the past

condition, they are still on average less certain than liberals in either condition.

We used multinomial logistic regression to compare the likelihood of agreeing to sign the

pro-climate petition (coded as 1; N = 219), hoax petition (-1; N = 15), or neither petition (0,

Fig 1. Association between political orientation and certainty that climate change is happening by past (blue) and future (red) temporal framing condition.

Solid vertical line represents the Johnson-Neyman value. To the right of this, the differences in certainty ratings by condition are significant.

https://doi.org/10.1371/journal.pone.0246058.g001
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reference category; N = 301). We built a custom model so that the interaction term (condi-

tion�political orientation) could be included along with framing condition (categorical,

entered as a factor) and political orientation (continuous, entered as a covariate). This model

provided poor fit to the data (Pearson chi-square statistic = 32.92, p = .034), however showed

promise, as the predictors explained the outcome variable better than an intercept-only model

(χ2(6) = 99.57, p< .001). The political orientation � condition interaction (χ2(2) = 2.66, p =

.264) was not significant, potentially driving the poor fit. Indeed, removing the interaction

term improved fit to an acceptable level (Pearson chi-square statistic = 33.19, p = .059; χ2 (4) =

96.91, p< .001). Consistent with the findings described above, framing condition was not a

significant predictor (χ2(2) = 2.60, p = .272) of responses to the petition item, while political

orientation was (χ2(2) = 94.28, p< .001). This analysis indicated that conservative individuals

were significantly less likely to agree to sign the pro-climate petition than no petition (B = -.48,

p< .001), however they were no more likely to sign the hoax petition than no petition (B =

.28, p = .096). Each step up the scale on conservatism decreased the likelihood of signing the

pro-climate petition by just over a third (Odds ratio = 0.62).

Potential explanations of the temporal framing effect

Our next step was to test whether the temporal framing effect observed on the climate change

certainty item could be explained by any of our four explanatory variables: 1. certainty that the

changes had happened (or will happen), 2. temporal psychological distance, 3. nostalgia, and 4.

past-positive time perspective.

We began by testing the two potential mediators that may have been affected by the tempo-

ral frame (certainty and temporal distance) using Hayes’ model 8. When the perceived cer-

tainty of the depicted environmental changes was entered as the mediator, the index of

moderated mediation was significant (index = -1.16, SE = 0.52, 95% CI [-2.25, -0.20]; see also

S1 Table and Fig 2 below). This suggests that the indirect effect through certainty was

Fig 2. Effect of political ideology on climate change certainty is mediated by certainty that environmental changes have/will happen, dependent on temporal

framing condition.

https://doi.org/10.1371/journal.pone.0246058.g002
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dependent on temporal framing condition. The indirect effect of political orientation was sig-

nificant and negative across both conditions, but was stronger in the future condition (b =

-2.62, SE = 0.44, 95% CI [-3.52, -1.82]) than the past condition (b = -1.45, E = .40, 95% CI

[-2.28, -0.70]. This suggests that conservatives were relatively more certain that climate change

is real in the past-focused condition because they were less skeptical about the human causes of

the environmental changes they observed in the images than those in the future-focused

condition.

Replicating this model with temporal distance of climate change in place as the mediator

instead returns a non-significant index of moderated mediation (index = -0.92, SE = 0.86, 95%

CI [-2.58, 0.80]), indicating that the effectiveness of the past-comparison frame for conserva-

tives is not explained by differences in the perceived temporal distance of climate change.

Using model 15 to test for the potential mediation by nostalgia or past positive time per-

spective returned a non-significant index of moderated mediation for both nostalgia (index =

-0.055, SE = 0.103, 95% CI [-0.309, 0.111]) and past-positive time perspective (index = -0.049,

SE = 0.355, 95% CI [-0.797, 0.623]). These results suggest that the temporal framing effect by

conservatism was not explained by individual differences in affinity for the past: either as

indexed by past-positive feelings (i.e., nostalgia) or past-positive time perspective.

To further explore the possible role of the proposed explanatory variables, we conducted a

series of exploratory analyses, reported in Table 2. In these, we entered two of the explanatory

variables (perceived certainty, psychological distance) as dependent variables in the same

regressions described above. It is only sensible to do this for the variables measured after the

manipulation, as anything before this cannot be influenced by the frames. This is the first step

Baldwin and Lammers [9] took when exploring potential explanations for their effects, and

does allow a partial test of whether political orientation and framing condition affected the

perceived certainty ratings and psychological (temporal) distance of climate change.

The analyses of certainty ratings showed a significant interaction, which we followed up

using the Johnson-Neyman technique and graph in S1 Fig, indicating a significant difference

(p< .05) between certainty ratings of those exposed to the past- and future-focused conditions

beyond a score of 5.9 on the liberal-conservative scale. This means that the difference in cer-

tainty ratings by condition only differed for conservatives at the more extreme end (N = 113).

Individuals who identified as moderately conservative to very conservative were significantly

more certain that environmental changes have occurred (i.e., if they were in the past-focused

condition), than they will occur (future-focused condition).

These results provide further support for the certainty explanation, and again refute the

psychological distance explanation. Political orientation was a significant predictor of percep-

tions of psychological distance, indicating that greater conservatism is related to a greater per-

ception that climate change effects will occur further into the future, if at all. However,

Table 2. Standardized regression coefficients regressing each explanatory variable on political orientation, condi-

tion, and the interaction term.

Certainty ratings Psychological (temporal) distance

Step 1 R2 = .110��� R2 = .213���

Political orientation -.332��� .456���

Condition -.011 .074

Step 2 ΔR2 = .009� ΔR2 = .002

Political orientation -.048 .321��

Condition .181� -.017

Political orientation X condition -.353� .168

https://doi.org/10.1371/journal.pone.0246058.t002
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political orientation and condition did not interact to inform perceptions of psychological dis-

tance, and therefore this is an unlikely explanation for the temporal framing effect.

Lammers and Baldwin [42] suggested that nostalgia (indexed by the experience of positive

past-focused feelings) explains the temporal framing effect, as conservatives experience greater

nostalgia and subsequently are more affected by past comparisons. We wanted to expand on

the analysis of the potential temporal attitudes-conservatism association by including the

dimensions of time perspective as potential explanations for the temporal framing effect, and

indeed could only test this explanation for the certainty of climate change outcome variable,

finding no evidence of mediated moderation. In the absence of the expected political orienta-

tion � condition interactions, we conducted further exploratory analyses on the relationship

between political orientation and the dimensions of time perspective, nostalgia (as a past-

directed feeling), and future-directed feelings across the entire sample. For these analyses, we

collapsed across framing condition because the measures were taken prior to the experimental

manipulation.

The correlations in Table 3 show that conservative individuals endorsed greater positive

time perspective (both past-positive and future-positive), and lower negative time perspective

(both past-negative and future-negative), while political orientation was unrelated to present

time perspective. Interestingly, we did not find any evidence of a relationship between conser-

vatism and nostalgia. This is surprising, given the larger sample size in our study, and that we

used the same measure of nostalgia as Lammers and Baldwin (Study 5 [42]). However, we

measured nostalgia before the manipulation, and it is possible that this kind of nostalgia (state

nostalgia) is only heightened in conservatives after exposure to past comparisons. The correla-

tion analyses provide some evidence that conservatives may think to both the past and future

more often more positively than their liberal counterparts.

Dimensions of social dominance

In the next set of exploratory analyses, we tested whether the temporal framing effect inter-

acted with each of the two dimensions of SDO. Anti-egalitarian (SDO-E) attitudes, which are

usually more strongly tied to environmental responses, did interact with temporal framing

condition for climate change certainty ratings and mitigation and adaptation policy support

(Table 4). However, there was no interaction with SDO-D to predict these or other outcomes

(see S2 Table).

We followed up the significant SDO-E�condition interactions using Johnson-Neyman anal-

yses in R. These showed that the difference by conditions became significant at the p< .05

Table 3. Associations between political orientation and the dimensions of time perspective.

1. 2. 3. 4. 5. 6. 7. 8.

1. Political orientation

2. Past positive time perspective .27 [.19, .35]

3. Past negative time perspective -.20 [-.28, -.12] -.12 [-.21,.-.04]

4. Present time perspective -.05 [-.14, .04] .19 [.10, .27] .05 [-.05, .15]

5. Future positive time perspective .21 [.13, .30] .17 [.09, .26] -.13 [-.21, -.05] -.12 [-.21, -.03]

6. Future negative time perspective -.24 [-.32, -.16] -.10 [-.18, -.02] .42 [.35, .49] .14 [.06, .22] -.36 [-.43, -.28]

7. Past-focused feelings -.03 [-.12, .06] .37 [.30, .45] .33 [.25, .40] .17 [.09, .26] -.03 [-.12, .06] .21 [.13, .29]

8. Future-focused feelings .09 [.00, .18] .24 [.16, .32] -.28 [-.36, -.20] .27 [.18, .35] .29 [.21, .37] -.46 [-.52, -.39] .06 [-.03, .16]

Note. Political orientation was coded such that higher scores represent greater conservatism. Square brackets contain 95% confidence intervals based on 5000 bootstrap

iterations.

https://doi.org/10.1371/journal.pone.0246058.t003
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level beyond a score of 2.38 (N = 510) on the SDO-E scale for climate change certainty, as

graphed in Fig 3 below. Differences were significant beyond a score of 2.83 (N = 504) for both

mitigation and adaptation support, which are graphed in S2 and S3 Figs. These differences

indicate that for those who are relatively more tolerant of inequality (i.e., score higher in

SDO-E), perceived certainty of climate change and support for both types of action on the

issue increase after viewing the past-focused image pairs than the future-focused image pairs.

Meanwhile, those who strongly rejected inequality (i.e., scored lower in SDO-E) had uniformly

high support for action and certainty that climate change is happening, regardless of framing

condition.

Table 4. Standardized regression coefficients regressing each DV on SDO-E, condition, and the interaction term.

Climate change belief Climate change certainty Climate change causes Willing to sacrifice Support mitigation Support adaptation

Step 1 R2 = .312��� R2 = .256��� R2 = .228��� R2 = .204��� R2 = .285��� R2 = .208���

SDO-E -.559��� -.500��� .478��� -.449��� -.533��� -.453���

Condition -.069 -.105�� .013 -.081� -.073� -.083�

Step 2 ΔR2 = .004 ΔR2 = .007� ΔR2 = .000 ΔR2 = .005 ΔR2 = .009� ΔR2 = .008�

SDO-E -.378�� -.249� .432��� -.242� -.250� -.191

Condition .054 .067 -.019 .060 .121 .096

SDO-E X condition -.221 -.309� .056 -.254 -.348� -.321�

https://doi.org/10.1371/journal.pone.0246058.t004

Fig 3. Association between anti-egalitarianism and certainty that climate change is happening by temporal framing condition (past = blue, future = red). Solid

vertical line represents the Johnson-Neyman value. To the right of this, the differences in certainty ratings by condition are significant.

https://doi.org/10.1371/journal.pone.0246058.g003
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We then followed up these significant interactions using moderated mediation to test our

explanations, again using model 8 to test the certainty and temporal distance explanations,

and model 15 to test the nostalgia and past-positive time perspective explanations. Again,

assumptions of linearity, homoscedasticity and normality were tested for all models and met.

Tolerance and VIF were all within acceptable cut-offs (<1.05 in all cases). We did not find evi-

dence that any of the explanatory variables explained the relatively greater certainty that cli-

mate change is happening among those higher in SDO-E in the past-focused condition

(certainty of environmental changes: index = -1.04, SE = 0.77, 95% CI [-2.61, 0.44]; temporal

distance: index = -1.34, SE = 1.30, 95% CI [-3.81, 1.24]; nostalgia: index = -0.03, SE = 0.12, 95%

CI [-0.33, 0.16]; past-positive time perspective: index = -0.14, SE = 0.25, 95% CI [-0.70, 0.30]).

We again did not find support for any proposed mediators when these models were repeated

for mitigation policy support (certainty: index = -0.03, SE = 0.02, 95% CI [-0.07, 0.01]; tempo-

ral distance: index = -0.04, SE = 0.04, 95% CI [-0.12, 0.04]; nostalgia: index = -.00, SE = .004,

95% CI [-.01, .01]; past-positive time perspective: index = .00, SE = .01, 95% CI [-0.02, 0.02]) or

adaptation policy support (certainty: index = -0.02, SE = 0.02, 95% CI [-.05, .01]; temporal dis-

tance: index = -0.03, SE = 0.03, 95% CI [-0.10, 0.03]; nostalgia: index = .00, SE = .00, 95% CI

[-0.01, 0.01]; past-positive time perspective: index = 0.00, SE = 0.01, 95% CI [-.02, 0.02]).

As multinomial logistic regression runs the analysis at each level of the IV, which is inap-

propriate for SDO mean scores (i.e., this would involve 25 levels of SDO-E), we instead used

binary logistic regression to test the likelihood of signing the pro-climate petition (N = 219) or

neither petition (N = 301), with those who agreed to sign the hoax petition (N = 15) removed

from this analysis. As the dependent variable was recoded to be dichotomous, the independent

variables were continuous (SDO-E), binary (condition), and unrelated to each other, and we

passed the Box-Tidwell test (interaction between SDO-E and its log was not a significant pre-

dictor, p = .068), we met assumptions of binary logistic regression. The model with SDO-E

and temporal framing condition as predictors was significant (χ2(2) = 57.25, p< .001) and

explained 14% of the variance in agreement to sign a petition (Nagelkerke R2 = .140), and cor-

rectly classified 62.7% of cases. Each increase in SDO-E scores was associated with a decrease

in the likelihood of signing the pro-climate petition (Odds ratio = .588; p< .001), but temporal

framing condition was unrelated (p = .150). Adding the interaction term explained less than

one percent of additional variance, and this was not significant (χ2(1) = 1.98, p = .160). Results

were similar for SDO-D (Step 1: χ2(2) = 38.28, p< .001, Nagelkerke R2 = .095, SDO-D Odds

ratio = 0.633 Step 2: χ2(1) = .08, p = .774).

Summary and conclusions

To summarize, throughout our analyses we found a reliable effect of ideology on environmen-

tal outcomes, which held regardless of whether ideology was operationalized as political orien-

tation, anti-egalitarianism (SDO-E), or dominance (SDO-D). The effect of temporal framing

condition itself was unreliable (either weak or non-significant), and rarely interacted with ide-

ology. Where there was a significant interaction, the only explanation for which we found sup-

port was the certainty explanation: when the past-focused frame increased conservative’s pro-

environmentalism, it did so by increasing confidence that the environmental changes depicted

in the images had occurred. Despite detecting the interaction more reliably when including

SDO-E in place of political orientation, results from a series of moderated mediations did not

support any of the explanatory variables.

There are several possibilities for the failure to detect interaction effects in this study. First,

we may not have found evidence for the temporal framing effect because the frame itself,

and therefore the manipulation we employed, is not effective in motivating conservatives’
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environmentalism. If this explanation is correct, it highlights the importance of replication for

interrogating how robust our effects are, especially when the goal is to inform climate change

communications. If the effects are not strong enough to be detected immediately after present-

ing the manipulation, we have little confidence they would increase acceptance of, and sustain

action on, climate change if used in widespread public advertisement campaigns.

As Baldwin and Lammers [9] did present a series of conceptual replications of their temporal

framing effect, the alternative possibility is that the effect exists, but did not emerge in our study

due to differences in the study design. For instance, the context under which participants rated

the photo pairs differed in our study. Baldwin and Lammers asked participants to rate each

image pair on the extent they demonstrated the effects of climate change. We instead asked par-

ticipants to reflect on the most likely causes (human versus natural) of each observed environ-

mental change, which may have induced greater scepticism. This would be consistent with the

processing style moderation included in Lammers and Baldwin’s (Study 7 [42]) research. They

suggested that the effects of temporal focus should be stronger when participants evaluate the

message on superficial features (such as liking) compared to when the content is carefully evalu-

ated. To test this, they presented participants with a message aimed to increase leniency in

criminal justice, and asked their endorsement of the message. However, before rating their

endorsement, some participants were asked to focus on understanding the message (to engage

central processing) while others were not (peripheral processing). Those who were encouraged

to interrogate the meaning of the message were not swayed by the temporal framing effect.

Another explanation for the non-replication is the differences in our outcome measures.

Baldwin and Lammers [9] used the NEP scale, which is the most widely used measure of pro-

environmentalism [49]. However, there are criticisms of the scale, including whether it ought

to be treated as measuring attitudes, beliefs, values, or a particular worldview, leading to calls

to develop a new standard measure [50]. If the temporal framing effect increases endorsement

only of general pro-environmentalism, this suggests that the effect cannot be used to motivate

intentions to sacrifice or to increase policy support, both of which are important in addressing

climate change. The fact that our results were not consistent across the multiple indicators of

environmentalism we had in our study adds weight to this, though we did not include the New

Environmental Paradigm scale to see if the effect emerges on this outcome measure.

Lastly, the political context in the United States at the time of our study was different from

that of Baldwin and Lammers [9]. When Baldwin and Lammers asked participants to think to

the past, Obama was president; our data were collected under the Trump administration,

which campaigned on a return to the past (e.g. “Make America Great Again”). It is possible

that past comparisons are no longer effective for conservatives in this context, as they have

already returned to their ‘desired’ past. This last possibility is not readily testable, so instead we

sought to avoid this potential limitation of our first study by recruiting participants from the

United Kingdom. Importantly, the theoretical arguments are not localised to one country or

another, but ought to apply anywhere. Supporting this, Lammers and Baldwin’s [42] research

that broadens the temporal framing effect to other social issues drew from samples in the

United States, United Kingdom, and Germany.

Study two

Study Two builds on our findings from Study One and tests the potential explanations for the

failure to replicate the temporal framing effect. We again included the manipulation from

Baldwin and Lammers (Study 3 [9]), randomly allocating participants to the same image-

based temporal focus manipulation (past- versus future-comparisons). Participants were also

randomly allocated to rate the image comparisons based on their likely causes (human versus
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natural, as in Study One), or the extent that each image pair depicted the effects of climate

change (as in the original research).

Our hypotheses were preregistered on the Open Science Framework (https://osf.io/v97jc),

with the first two based on Baldwin and Lammer’s [9] research. We expected a main effect of

political orientation such that political conservatism predicts lower environmentalism (across

all outcome variables; H1). Next, where there is a significant interaction effect of temporal

framing by political orientation, we expected that the past focused environmental images

would attenuate the negative effect of political orientation on environmentalism compared to

future focused images (H2).

Our next set of predictions were conditional and based on the potential explanations for

our failure to replicate the temporal framing by political orientation interaction. If asking par-

ticipants to rate the likely causes of environmental changes inoculated them against the tempo-

ral framing interaction, then we expect to replicate Baldwin and Lammer’s [9] temporal

framing by political orientation interaction among those participants who rated the extent the

image pairs depicted climate change, and not among those rating the likely causes of the envi-

ronmental changes depicted (H3).

We include the same host of outcome variables from Study One, as well as the NEP, for

consistency with Baldwin and Lammers [9]. If the temporal frame only moderates the effect of

political orientation on pro-environmental attitudes, we expected to replicate the interaction

only when scores on the NEP are included as the dependent variable, and not for the other out-

come variables (H4).

The main purpose of Study One was to test different explanations for the temporal framing

effect interaction, which is only possible if this interaction is detected in Study Two. If so, we

expect that the interaction between temporal framing condition and political orientation will

be explained (mediated) by participants’ ratings of how certain they are that the changes had

happened (past-focused condition) or will happen (future-focused condition). Specifically, we

predicted that participants who are more politically conservative would report increased envi-

ronmentalism after viewing the past comparisons (versus future comparisons), and this effect

would be explained by greater ratings of certainty (H5).

Finally, we build on the promising findings highlighting the importance of SDO-E by also

incorporating the dimensions of RWA. Lammers and Baldwin [42] referred to conservatives’

“preference to maintain the past” (p. 600), which is a similar concept to the traditionalism

component of RWA. Agreement with items such as “The "old-fashioned ways" and "old-

fashioned values" still show the best way to live” form a greater preference of traditionalism.

Lammers and Baldwin (Study 5 [42]) also suggested that nostalgia explains conservatives’ pref-

erence for ‘old fashioned values’, which are directly measured using an RWA-Traditionalism

measure. Due to the stated limitations of measuring political ideology by asking participants to

identify themselves on a single continuum from liberal to conservative, utilising the RWA-Tra-

ditionalism measure enables us to directly capture this important component of conservative

ideology. Analyses involving these dimensions of ideology are exploratory; however, Study

One suggests SDO-E is the key dimension of social dominance, and the stronger grounding in

a preference for things of the past indexed by RWA-Traditionalism suggests this will be the

more relevant dimension of authoritarianism in this context.

Method

Participants

Following the same approach as Study 1, participants were again recruited via Prolific and

compensated US$1.83 for completing the ten-minute survey. As Study Two included a second
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independent variable (with 2 levels), we aimed to double our desired sample size to maintain

at least 250 participants per condition. We aimed to recruit at least 1000 participants and

posted 1100 places to account for possible non-response (i.e., a 10% buffer), and 1102 individ-

uals completed the survey. Participants were 34.7 years old on average (SD = 13.26, range 18–

78), with a roughly even gender distribution (54% female, 45.5% male, 0.5% other). Once

again to ensure we recruited a roughly even distribution of individuals across the political

spectrum, we alternated between open recruitment and recruiting conservatives only. Consis-

tent with Study One, varying the posting of places obtained an approximately normal distribu-

tion of political ideology (range = 0/left-wing to 10/right-wing; M = 4.87, SD = 2.32).

Materials and procedure

Part I. Participants completed the same two-dimensional measure of SDO [61] as in

Study One (SDO-D α = .74; SDO-E α = .80), a single item political orientation scale (ranging

from 0 to 10), and the same measure of time-perspective [65] for the past-positive dimension

only (α = .77). Participants also completed the ACT scale [74] to measure the three compo-

nents of RWA (Authoritarianism α = .84; Conservatism α = .88; Traditionalism α = .79).

Part II. Participants were randomly allocated to either the past- or future-focused condi-

tion, and shown the same series of 14 photograph pairs used in Baldwin and Lammers [9]

and Study One above. To test whether the way they were asked to rate the images affected

responses, participants were randomly allocated to rate either the extent to which they believed

the changes depicted in each photograph set were caused by humans (as in Study One; Causes

condition) or the extent to which each image demonstrated the effects of climate change (as in

[9]; Effects condition).

Part III. Participants were then presented with Loy and Spence’s [75] three item temporal

distance of climate change scale (α = .75), Baldwin, White and Sullivan’s [70] three items mea-

suring nostalgia (α = .83) and three items used in Study One to measure future focused emo-

tions (α = .92).

Next, the environmental variables were presented in a randomised order. Consistent with

Study One, we measured climate change belief (2 items, r = .65), willingness to sacrifice (2

items, r = .83), mitigation support (α = .85), adaptation support (α = .83), and willingness to

sign a petition. We also included the 15-item revised NEP scale [76], consisting of 8 items mea-

suring endorsement of the new environmental paradigm (α = .79) and 7 the dominant social

paradigm (α = .77).

Finally, participants were asked to reflect on how certain they are that the images depicted

in the photographs have happened (past-focused condition) or will happen (future-focused

condition). Responses are recorded on a sliding scale from 0 (not at all certain) to 100

(completely certain). This measure was moved to the end of the survey to ensure it could not

influence responses to the environmental outcome variables.

Results

As with Study 1, we tested assumptions of regression analysis for all moderated multiple

regressions conducted for the main analysis. Once again, there were no major violations of

normality or homoscedasticity. Again, as there was only one continuous independent variable

in the models, multicollinearity was not a concern.

S3 (for participants in the effects rating condition) and S4 Tables (causes rating condition)

in the supplementary materials report results where each environmental outcome variable is

regressed onto condition (past, future), political orientation, and the interaction term (condi-

tion � political orientation). Supporting our first hypothesis, these results show that across

PLOS ONE Replicating the temporal framing effect on environmentalism

PLOS ONE | https://doi.org/10.1371/journal.pone.0246058 February 11, 2021 19 / 34

https://doi.org/10.1371/journal.pone.0246058


both rating conditions, political orientation was a consistent negative predictor of pro-envi-

ronmentalism, exhibiting small to moderate effects on pro-environmental attitudes, climate

change belief and certainty ratings, willingness to make sacrifices, and support for mitigation

—but not adaptation—policy.

There were no significant interactions between political orientation and temporal framing,

regardless of rating condition. Moderated moderation analysis using Model 3 of the PROCESS

macro [73] confirmed that, with political orientation as the predictor variable, rating condition

(effects versus causes) did not significantly interact with temporal frame (past versus future)

on any environmental outcome variable (Pro-environmental attitudes: p = .700; Climate

change belief: p = .144; Climate change certainty: p = .551; Climate change causes: p = .051;

Willingness to sacrifice: p = .629; Mitigation policy support: p = .693; Adaptation policy sup-

port: p = .281). We therefore did not find evidence that the way participants were asked to

evaluate the image pairs influenced their responses. This justified collapsing across rating con-

ditions to test the effect of the temporal frame only, thereby increasing sample size to offer a

higher-powered test of the potential temporal framing effect interaction.

These results are presented in Table 5 below, and show a significant temporal frame by

political orientation interaction only on the ratings of climate change certainty. Fig 4 guides

interpretation of this significant interaction. This shows that conservatives in the past-focused

condition appeared to report slightly higher certainty that climate change is happening than

conservatives in the future-focused condition. However, Johnson-Neyman analyses show a

significant difference in certainty ratings by temporal focus condition only for left-wing indi-

viduals who score below 0.58 (i.e., place themselves a 0 on the scale, N = 39), and no significant

difference at the right-wing side of the spectrum.

Finally, we compared the likelihood of agreeing to sign the pro-climate (N = 380), hoax

(N = 44), or neither petition (N = 678) using multinomial logistic regression following the

same model as in Study One. Model fit was satisfactory, with a non-significant Pearson Chi-

Square value (χ2 (36) = 43.44, p = .184) and the model explaining more variance in the depen-

dent variable than an intercept-only model (χ2(6) = 47.16, p< .001). However, this may be

due to the large sample size, as only 5% of the variance was explained (Nagelkerke pseudo R2 =

.053). Both the interaction term (p = .497) and temporal framing condition (p = .570) variables

were non-significant predictors and subsequently removed from the analysis to improve

Table 5. Standardized regression coefficients regressing each DV on political orientation, condition, and the interaction term all participants, independent of rating

condition.

Pro-environmental

attitudes

Climate

change belief

Climate change

certainty

Climate change

causes

Willingness to

sacrifice

Support for

mitigation policy

Support for

adaptation policy

Step 1 R2 = .023��� R2 = .128��� R2 = .091��� R2 = .088��� R2 = .095��� R2 = .067��� R2 = .002

Political orientation -.153��� -.357��� -.301��� .294��� -.309��� -.257��� -.039

Condition -.004 .045 .003 -.050 .007 .034 .023

Step 2 ΔR2 = .001 ΔR2 = .001 ΔR2 = .004� ΔR2 = .000 ΔR2 = .001 ΔR2 = .001 ΔR2 = .000

Political orientation -.047 -.270�� -.110 .292�� -.202� -.154 -.040

Condition .068 .105 .134� -.052 .080 .105 .022

Political orientation

X condition

-.135 -.110 -.244� .003 -.136 -.132 .002

Note.

��� p < .001,

�� p < .01,

� p < .05

https://doi.org/10.1371/journal.pone.0246058.t005
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model fit (Pearson Chi-Square (18) = 21.34, p = .263; Model fit: (χ2(2) = 45.29, p< .001). Con-

sistent with the first study, relative to those who did not want to sign either petition (reference

category), those who agreed to sign the petition acknowledging the reality of climate change

were less conservative (B = -.171, p< .001) and those agreeing to sign the hoax petition were

more conservative (B = .144, p = .039). For each 1-unit increase in political conservatism, par-

ticipants were less likely to sign the pro-climate petition (Odds ratio = 0.84) and more likely to

sign the hoax petition (Odds ratio = 1.16).

We had planned to test whether nostalgia, past-positive time perspective, temporal distance

of climate change, and ratings of certainty the environmental changes had happened/will hap-

pen as mediators of the temporal framing effect (i.e., using moderated mediation). These anal-

yses could only be conducted following a temporal framing interaction effect. Although the

interaction was detected for climate change certainty, the significant interaction occurred on

the liberal end. As the proposed mediators were planned as explanations of a conservative bias,

follow up analyses were not conducted as planned. Instead, we ran a series of (non-preregis-

tered) exploratory hierarchical regressions as in Study One. The possible explanatory variables

were entered as outcome variables to test whether responses depended on the interplay

between political orientation and temporal framing condition. These analyses, reported in S5

Table, show that political conservatism predicted a decrease in certainty about the environ-

mental changes, lower agreement that climate change effects will occur in the future (temporal

distance), and higher past positive time perspective. Participants in the past condition reported

slightly higher nostalgia than those in the future condition; however, political orientation was

Fig 4. Association between political orientation and certainty that climate change is happening by temporal framing condition (past = blue, future = red). Solid

vertical line represents the Johnson-Neyman value. To the left of this, the differences in certainty ratings by condition are significant.

https://doi.org/10.1371/journal.pone.0246058.g004
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unrelated to nostalgia, and there were no significant interactions between political orientation

and framing condition.

Exploratory analyses on the dimensions of conservative ideology

To explore the possible roles of the dimensions of SDO and RWA in the temporal framing

effect, exploratory analyses were conducted where these were entered in place of political ide-

ology as predictors of each continuous outcome variable and are presented in the Supplemen-

tary Materials, and described here.

Both dimensions of social dominance predicted lower environmentalism. While SDO-E

did not interact with the temporal frame to predict any environmental outcome variable (S6

Table), SDO-D interacted with temporal frame on climate change certainty ratings and will-

ingness to make sacrifices for the environment (S7 Table). Johnson-Neyman analyses returned

significant differences between temporal framing condition for individuals scoring below 1.22

(i.e., participants who strongly disagree to all items, N = 68) or above 5.85 (overall agreement

to strong agreement, N = 16) with SDO-D. This means that those who endorsed group domi-

nance were more certain that climate change is happening after viewing the series of images

comparing the current state of the environment to the past compared to those who viewed

images comparing current and future state of the environment (though note this only applied

to a small subset of the overall sample, and appears in Fig 5 to be driven by just a few very

uncertain highly dominant participants). Conversely, for individuals who strongly oppose

Fig 5. Association between SDO-D and certainty that climate change is happening by temporal framing condition (past = blue, future = red). Solid vertical lines

represents the Johnson-Neyman value. Outside of these bounds, the differences in certainty ratings by condition are significant.

https://doi.org/10.1371/journal.pone.0246058.g005

PLOS ONE Replicating the temporal framing effect on environmentalism

PLOS ONE | https://doi.org/10.1371/journal.pone.0246058 February 11, 2021 22 / 34

https://doi.org/10.1371/journal.pone.0246058.g005
https://doi.org/10.1371/journal.pone.0246058


intergroup dominance, perceived certainty of climate change is higher for those who viewed

future-focused comparisons.

As our preregistered analyses of our potential explanations for the temporal framing inter-

action were not possible due to the lack of interaction with political orientation, we conducted

these analyses with SDO-D to follow up the significant interaction reported here. However,

we did not find support for any of these explanations (Model 8: Certainty of environmental

changes: index = -.48, SE = .50, 95% CI [-1.51, .49]; Temporal distance: index = -.38, SE = .28,

95% CI [-.96, .12]; nostalgia: index = .05, SE = .07, 95% CI [-.07, .20]; Model 15: Past positive

time perspective: index = .18, SE = .14, 95% CI [-.06, .48]).

For those largely indifferent to, or supportive of intergroup dominance (scoring above 3.87

on SDO-D, N = 287), there was a significant difference between conditions on willingness to

make sacrifices for the environment, with those observing the past changes more willing to

sacrifice than those viewing future changes (graphed in S4 Fig). Again, the differences in

responses to past- and future-focused frames could not be explained by certainty of environ-

mental changes (index = -.03, SE = .03, 95% CI [-.08, .03]), perceived temporal distance of cli-

mate change: index = -.02, SE = .02, 95% CI [-.05, .01]), nostalgia (index = .01, SE = .01, 95%

CI [-.01, .03]) or past positive time perspective (index = .00, SE = .00, 95% CI [-.00, .00]).

Authoritarian aggression (S8 Table), conservatism (S9 Table) and traditionalism (S10

Table) each related to lower environmentalism, but no component of RWA interacted with

temporal frame to do so.

Finally, given the minimal effects of temporal framing condition and the interaction terms

on environmentalism overall, our last set of exploratory analyses compared the relative

strength of the dimensions of SDO and RWA in predicting each environmental variable, irre-

spective of experimental condition (S11 Table). The pattern of unique associations was consis-

tent with those reported elsewhere [62], and showed SDO-E and Traditionalism consistently

predicted lower pro-environmentalism, while the other dimensions were weak and inconsis-

tent predictors.

Summary and conclusions

In Study Two, we substantially increased the sample size and therefore power to detect even

weak effects, closely adhered to Baldwin and Lammers’ [9] study design, and took steps to

address potential reasons for the failure to replicate the temporal framing effect in Study One.

Our results still do not support the image-based temporal framing manipulation as an effective

frame to induce pro-environmentalism among conservatives.

The effects we did detect were weak, and although the overall sample size was much larger

than typical framing studies and those employed by the temporal framing literature, the signif-

icant differences were only driven by a few participants at the ideological extremes. The pattern

of results was reasonably consistent with Study One, showing that the most reliable interaction

between ideology and temporal frame was on climate change certainty. However, in this study,

the interaction was significant for liberal individuals (not conservative) when ideology was

indexed by self-placement on a liberal-conservative continuum. This indicates that a past-

focused frame may backfire among political liberals, who are relatively more certain of the

reality of climate change after viewing images depicting how the environment will change in

future than after viewing images depicting how the environment has changed from the past.

Given this is the first study to demonstrate such an effect on environmental attitudes, it is

important future work also aims to replicate this backfire effect in liberal individuals.

Findings from our exploratory analyses on the dimensions of social dominance and author-

itarianism contribute to the growing literature on their associations with environmentalism
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[62, 63]. Consistent with research on social dominance, we demonstrate that attitudes in

favour of the unequal distribution of resources across groups (SDO-E), or the oppression of

low-status groups by high-status groups (SDO-D), are associated with lower pro-environmen-

talism. Participants invested in tradition, following those in power, and supporting the perse-

cution of deviants (i.e., the dimensions of right-wing authoritarianism) also tended to report

lower pro-environmentalism. When pitted against each other, we replicate recent findings that

of these dimensions, SDO-E and Traditionalism demonstrate strongest unique associations

with environmentalism [62].

While no aspect of RWA interacted with temporal framing condition, we unexpectedly

found that SDO-D did. Those strongly pro- or anti-intergroup dominance responded differ-

ently to the manipulation. Participants who opposed intergroup dominance experienced a

decrease in climate change certainty after viewing past-comparisons (relative to those who

viewed future-comparisons), while those supportive of intergroup dominance experienced an

increase in certainty. This finding partially aligns with the evidence for a backfire effect among

those holding more liberal values, and suggests this may occur due to individual differences in

support for intergroup dominance.

The most promising evidence for the efficacy of the temporal comparison manipulation

was the increase in willingness to make sacrifices for the environment among participants

indifferent to, or supportive of, intergroup dominance who viewed the past-focused images.

This effect was also driven by a larger sample than the effects on certainty (N = 287 versus Ns

of 39 and 68). However, this effect was not detected in Study One, where the same variables

were included, and therefore may not be reliable. Further research ought to explore this effect

further, and consider possible reasons why those who support intergroup oppression may

respond more favourably to past focused images, as none of our exploratory analyses testing

potential mediators explained this effect.

We did not find support for any of the possible explanations for the failure to replicate the

temporal framing interaction in Study One. Specifically, the different rating conditions did not

moderate the effect, suggesting that asking participants to consider the possible causes of envi-

ronmental changes or the extent these changes depict climate change either does not differen-

tially engage central and peripheral processing or that this temporal framing effect does not

depend on processing style. The manipulation also did not increase pro-environmentalism as

indexed by the New Environmental Paradigm scale. Therefore, it does not appear to be the

case that the temporal framing effect acts only on this broad measure of pro-environmental-

ism, and was thus not detected on the range of outcome measures included in Study One.

Instead, where the temporal frame did interact with ideology, it was detected on the ratings of

climate change certainty (political orientation and SDO-D) or willingness to make sacrifices

for the environment (SDO-D). While this offers limited support for our suggestion that a

change in certainty explains why the temporal framing effect may be effective for conserva-

tives, we found little evidence of the temporal framing effect itself, and therefore we were not

able to test the other proposed explanations of the effect.

General discussion

Our research aimed to replicate the temporal framing effect, and extend this literature by eval-

uating the potential psychological mechanisms that may underlie conservatives’ divergent

responses to past- and future-focused frames. However, we found limited evidence of a tempo-

ral framing effect, with no shift in support for climate change policy or pro-environmental atti-

tudes in response to the frames. The temporal framing effect appeared to motivate perceived

certainty that climate change is real, with conservatives in Study One more certain after
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viewing environmental changes that happened (past condition) than changes that will happen

(future condition). However, while previous research suggests liberals are as receptive to past-

and future-focused frames, and therefore the temporal manipulation ought to only unite pro-

environmentalism, we instead found a backfire effect for liberals in Study Two: liberals pre-

sented with a past-focused frame were less certain that climate change was real.

Taken together, these findings cast some doubt on the utility of the temporal framing effect

in reducing the ideological gap in important aspects of pro-environmentalism. Our research

implicates a past-focused frame in potentially undermining liberal pro-environmentalism, and

having only weak effects on conservative environmentalism that are inconsistent across indica-

tors of environmentalism, dimensions of ideology, and across studies.

Reproducibility of message framing research

In message framing studies, researchers emphasize different aspects of an issue in attempts to

persuade the reader [77]. Framing studies in environmental psychology test different ways of

communicating about environmental issues such as climate change, to be used as a basis of

broader message campaigns or interventions. These message frames require careful develop-

ment, and testing on different segments of the population, as they are sometimes ineffective or

backfire to reduce environmentalism for some groups [21, 28, 30, 36, 78]. While innovative

message frames ought to be encouraged to expand our repertoire of environmental communi-

cation strategies, we argue that it is equally important to refine this repertoire through large-

scale replication.

Despite the importance of replication to the scientific process, peer-reviewed published rep-

lications of existing environmental framing studies are rare, reflecting a wider problem in the

psychology discipline: just over one percent of articles published in the top 100 psychology

journals are replications [79]. A recent review of psychology journals found that only 3%

explicitly stated that replications were accepted [80]. Replications are less publishable, less

likely to attract grant funding, and less likely to lead to academic promotion, and therefore

there is little incentive to conduct these studies [81, 82]. Research is more likely to be published

if it shows evidence for an effect, rather than against it, and psychology has the highest propor-

tion of positive results of the sciences (over 90% [83]). Publication bias has the potential to

inflate the rate of published false positive findings, while simultaneously discouraging attempts

to replicate existing research, making it difficult to quantify the extent of the problem. In one

attempt to do this, the Open Science Collaboration [84] estimated that just 25% of social psy-

chology findings replicate. Furthermore, this low replicability of psychological findings

appears to diminish public trust [85, 86].

Related to this suite of issues surrounding publication bias are problems with sample sizes

and statistical power within environmental framing studies. Many studies appear to have small

sample sizes, which reduces the likelihood of detecting true effects (i.e., may return more false

negatives), and can increase the risk of false positives [87]. This issue is exacerbated when

examining interaction effects, which require substantially larger samples to be adequately pow-

ered, especially if an attenuation effect is hypothesised [88, 89]. We echo recent calls (e.g. [90])

for increased transparency in psychological research: preregistration of planned sample size,

study design and analytic plan, and complete reporting of results. We are not aware of any

cohesive and comprehensive attempt to replicate existing environmental framing studies.

Because their findings have potential for informing broader climate change communications,

we argue this is an important next step for environmental psychology. This line of research

may require a change to research culture, including grant funding and publication priorities.
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Explanations for the (null) effects

As noted above, we largely failed to replicate a temporal framing effect across two studies. To

be clear, this does not necessarily mean that the effect does not exist. Instead, our findings con-

tribute to the range of evidence about the effect, and may usefully be incorporated into the

meta-analysis reported in Baldwin and Lammers [9] to help refine the confidence interval

around the overall effect size estimate for the temporal framing effect on conservatives’ pro-

environmentalism.

We also note that Baldwin and Lammers [9] demonstrated evidence for the temporal fram-

ing effect in a series of conceptual replications. They manipulated temporal focus in diverse

ways, such as by using written messages ostensibly written by previous participants (past:

“Looking back to our nation’s past”; future: “Looking forward to our nation’s future”), or real

environmental charities (past: “Restoring the planet to its original state”; future: “Creating a

new earth for the future”). Successful replications are more common when the same authors

are involved in the subsequent work (91.7% replicate) than when they are conducted by inde-

pendent researchers (64.6% [79]), which could explain the discrepancy in the reproducibility

of the finding. Alternatively, the visual comparison method we used might be less effective in

inducing temporal comparisons than the other methods Baldwin and Lammers used. This

could be tested in future replication projects by attempting to replicate the other temporal

comparison manipulations.

At the time of writing, another independent group of researchers have had a manuscript

accepted that reports on a replication of Baldwin and Lammers’ first study. Kim and colleagues

[91] twice attempted to replicate the temporal framing interaction reported in Study 1 of [9],

which asks participants to read a paragraph about acting on the environment that either

appeals for action by comparing the present to the past (i.e., “we need to undo what we’ve

done so that the world can go back to how it was. . .”) or comparing the present to the future

(“we need to stop what we are doing so that the world can be what it’s supposed to be in the

future”). Kim et al. conducted direct replications, preregistering their analyses and more than

doubling the original study sample size (Ns of 538 & 541). However, they also failed to repli-

cate Baldwin and Lammers’ results, finding no difference in conservative environmental atti-

tudes in the past- and future-focused conditions. Together, the series of replications reported

in our paper and in the Kim et al. paper casts greater doubt on the efficacy of temporal framing

for motivating environmentalism, suggesting Baldwin and Lammers’ temporal framing effect

is fragile or is highly temporally and geopolitically specific.

Another reason replication studies fail to detect effects is because they are often underpow-

ered [92]. This is unlikely to be the case with our research, or Kim et al.’s [91], who reported

statistical power above 98% for both studies. A sensitivity analysis based on our sample sizes

suggest these were sufficiently powered to detect very small effect sizes (Study One: f2 of .015;

Study Two: f2 of .007). Furthermore, our total sample was more than two (Study One) and five

(Study Two) times larger than Baldwin and Lammers’ [9] original research, where significant

interactions were detected. If the true effect of the particular temporal framing manipulation

employed here is typically lower than this, then even if it can be detected by increasing the

sample size, the practical significance of the effect is questionable. Furthermore, the recent

Kim et al. study failed to replicate the effect with a similarly high-powered study.

We addressed some possible reasons for the nonreplication of the temporal framing effect

in our second study, including the measures of environmentalism included, instructions for

rating the temporal comparison images, and context of the study. The past comparisons still

did not appear to motivate pro-environmental attitudes in Study Two, and we did not find evi-

dence that asking participants to rate the likely cause of the environmental changes was
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responsible for neutralising the temporal framing effect. We were unable to directly test

whether the context of the study (i.e. United States under a Trump presidency) explained why

the temporal framing effect no longer interacted with political orientation. However, given

that Study Two returned similar results among a sample recruited from a different context

(the United Kingdom), there is little support for this explanation. This is consistent with find-

ings from the Many Labs collaboration, which determined that the reproducibility of a finding

is largely due to the effect examined, rather than the sample or context of the replication [93].

Future researchers may wish to explore whether other potentially moderating variables that

were not included in our study may disarm the temporal framing effect.

While the temporal framing effect did not replicate in our studies, the associations between

ideology and environmentalism were consistent with previous research and add to the litera-

ture on the ideological divide in pro-environmentalism that is observed in Anglosphere

nations [1, 58]. Furthermore, the ineffectiveness of the temporal frame overall is consistent

with psychological distance literature. Correlational research shows that individuals are more

concerned about climate change when they believe its effects are psychologically close, includ-

ing close in time (i.e., temporal distance [47]). However, attempts to manipulate psychological

distance to draw the effects of climate change closer in time have shown inconsistent effects on

pro-environmental attitudes and behaviours.

Previous studies showing no effect of temporal distance manipulations [48] generally do

not consider whether these depend on political orientation. The exceptions to this do show

interactions with political orientation, but they use different manipulations than those by Bald-

win and Lammers [9], as they compare messaging about environmental risks happening now,

or at varying degrees into the future. For example, conservatives in the United States are more

supportive of climate policy when New York is portrayed as potentially unlivable further in the

future (by 2066, rather than by 2020 or 2047 [94]), and show that positioning heightened risk

from a zoological disease as temporally close (happening now) was more polarising than locat-

ing the risk further in the future [95]. Therefore, it is possible that conservatives are responding

as well to future-focused messages as they are to past-focused messages, which is not noticeable

in the absence of a present-focused frame. Given this, future research should also compare

past- and future-focused frames to present-focus frames to obtain a fuller picture of these

potential effects, and thoroughly review the overlap between temporal psychological distance

research and Baldwin and Lammers’ [9] temporal comparison manipulations.

Strengths and limitations

Our research contributes to the small but growing literature on the reproducibility of research

in psychology, especially within the environmental psychology field. There were strengths in

several aspects of the design of the research. This includes the large sample sizes used in both

studies, which were conducted across two contexts where climate change is a politicized issue

(Study One, the US; Study Two, the United Kingdom). We also included a range of environ-

mental outcome variables, which enabled a test of the aspects of environmentalism potentially

influenced by the manipulation (if any). Further still, we explored several reasons for the non-

replication in our second study, such as that the temporal framing effect may be sensitive to

the context, way that participants engage with the frame by rating the images, and aspect of

environmentalism measured.

As well as testing how robust the temporal framing effects are through replication, we

explored why some frames effectively shift attitudes and behaviours of some groups. Lammers

and Baldwin [27] suggested that nostalgia may underlie the efficacy of temporal comparison

frames. However, we argued that conservatives may respond to a past-focused frame because
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changes that have happened are more certain than changes that will happen. The greater

responsiveness to certainty-based manipulations would be consistent with those on the politi-

cal right preferring certainty and cognitive closure over uncertainty [96]. If this explanation

were correct, it could inform other climate change communications research outside of the

temporal framing literature by focusing on manipulating certainty. We did find some support

for the explanation, but the increased certainty about climate change after viewing past com-

parisons did not generalise to increase other types of environmental engagement such as belief

in the human causes of climate change, pro-environmental attitudes, or policy support. This

means either that increasing certainty does not usefully motivate other forms of environmental

engagement, or that changing environmentalism requires a stronger increase in certainty.

We did not find support for the other potential explanations for the temporal framing

effect, including nostalgia, past positive time perspective, and temporal distance. However, a

limitation of our research is that a full test of these possible explanations was not possible,

as the temporal framing effect itself was not reliably detected. We are also unable to offer a

definitive explanation for why the temporal framing effect was not consistently found in our

research. This leaves opportunities for further research on the replicability of other methods of

inducing temporal comparisons to test the veracity of the effect as induced by potentially

stronger manipulations. Although we did not find strong evidence for the manipulation, we

did not include a control group or a present-focused frame, so our conclusions about the effi-

cacy of the frames are limited. From our findings, it appears past- and future-focused frames

are just as (in)effective as each other: it could be the case that presenting either version of the

image pairs lifts pro-environmentalism, or that they both decrease it.

Conclusions

We started this project with the assumption that we would replicate the temporal framing

effect and extend the literature by investigating the drivers of this effect. However, upon failing

to replicate the effect, our program of research pivoted to instead assess the possible reasons

for this non-replication in a large-scale preregistered second study. Considering the results of

both studies, we found little evidence that conservatives respond more favourably to environ-

mental comparisons grounded in the past relative to the future, though they do appear to be

more certain about these messages, which may backfire to reduce liberals’ certainty about cli-

mate change. Further work is needed to clarify the reliability of the temporal framing effect

before clarifying the mechanism behind any increase in environmentalism.
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