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Abstract 

Researchers interested in climate change communication have investigated how people respond 

to messages about it. Through meta-analysis, the current research synthesizes the multitude of 

experimental studies on this topic to uncover which interventions are most effective at 

influencing attitudes about climate change. The meta-analysis focuses on experimental studies 

that included a control condition and measured climate change attitudes among participants in 

the United States. After a large literature search, 396 effect sizes were retrieved from 76 

independent experiments (N = 76,033 participants). Intervention had a small, significant positive 

effect on attitudes, g = 0.08, 95% CI [0.05, 0.10], 95% prediction interval [-0.04, 0.19], p < .001. 

Surprisingly, type of intervention was not a statistically significant moderator of this effect, nor 

was political affiliation. However, type of attitude was a significant moderator: the treatment-

control difference in attitudes was smaller for policy support than for belief in climate change, 

indicating that policy attitudes are more resistant to influence than belief in climate change. 

Interventions that aimed to induce skepticism (e.g., misinformation) had a significantly stronger 

average effect on attitudes than did ones that intended to promote belief in climate change, 

suggesting that belief in climate change is more easily weakened than strengthened. 

Keywords: climate change, attitudes, meta-analysis, interventions 
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Influencing Climate Change Attitudes in the United States:  

A Systematic Review and Meta-Analysis 

1. Introduction 

Although immediate action can substantially reduce the negative consequences of climate 

change (IPCC, 2018), public beliefs and willingness to act do not reflect accurately the scientific 

evidence on climate change and emissions reductions needed to mitigate it. Specifically, whereas 

97% of climate scientists agree that human-caused global warming is occurring, a recent poll 

found that only 62% of the American sample reported that they believe global warming is 

human-caused (Leiserowitz, Maibach, Rosenthal, Kotcher, Bergquist, et al., 2020). Additionally, 

support for action on climate change is fractured along political lines. For example, 83% of 

Democrats, 56% of Independents, and 22% of Republicans reported that global warming should 

be a high priority for the President and Congress (Leiserowitz, Maibach, Rosenthal, Kotcher, 

Ballew, et al., 2020). Taken together, these polls reveal that Americans are divided politically -- 

with Independent and Republican attitudes further away from scientific consensus than 

Democrat attitudes -- and they differ in beliefs about the cause of global warming, its potential 

effects, policies that should be enacted to curtail them, and its priority as a voting issue 

(Leiserowitz, Maibach, Rosenthal, Kotcher, Ballew, et al., 2020). Therefore, social scientists 

have investigated ways of bridging the gap between public and scientific knowledge about 

climate change, as well as examining ways of inducing support for policies to mitigate it.     

1.1 Interventions to Influence Climate Change Attitudes 

When considering how to alter perceptions about climate change, researchers have 

proposed a number of interventions, including making climate change more concrete and local, 

tailoring messages to the audience’s values, and using messages to assuage defensive reactions 
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(Fielding et al., 2014; Weber, 2016). While previous reviews have discussed interventions (e.g., 

Markowitz & Shariff, 2012; Pearson et al., 2016; Weber, 2016), a comprehensive quantitative 

synthesis has not yet been conducted. Combining studies quantitatively can help determine 

which interventions are effective at influencing climate change attitudes and for whom. A recent 

meta-analysis more narrowly tested the effect of message frames on various climate change 

attitudes and behavioral intentions, analyzing 27 effects sizes from nine published studies (Li & 

Su, 2018). The current meta-analysis expands the scope of interventions to include any type of 

experimental manipulation across a larger range of studies. In particular, the current meta-

analysis integrates and reconciles experimental studies of interventions designed to influence 

climate change attitudes for people in the United States while identifying potential moderators of 

their effectiveness. We turn to those moderators next.  

1.2 Moderators of Intervention Effectiveness  

1.2.1 Political Affiliation  

 Political ideology is a strong predictor of climate change beliefs, and there is evidence 

that political party in particular drives differences in support for attempts to address climate 

change (Ehret et al., 2017; Hornsey et al., 2016; McCright & Dunlap, 2011). Researchers have 

examined strategies to communicate climate change in a way that increases acceptance of it or 

endorsement of policies, especially among conservatives and those most skeptical of climate 

change. Therefore, it is important to test the differential effectiveness of interventions among 

liberals, conservatives, and moderates.  

Research on motivated reasoning provides some predictions about how individuals may 

process information about climate change. Motivated reasoning suggests that individuals have a 

desire to reach certain conclusions when forming attitudes and beliefs. Specifically, individuals 
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can have directional goals (i.e., reach a preferred conclusion) or accuracy goals (i.e., reach an 

accurate conclusion) and will employ strategies consistent with those goals (Kunda, 1990). In 

addition, motivated reasoning can take place in the selection of information (e.g., news sources) 

and in the processing of information (i.e., how one’s beliefs change in response to new 

information). Research on motivated reasoning tends to focus on directional goals, emphasizing 

situations where individuals selectively expose themselves to preferred information (Garrett, 

2009; W. Hart et al., 2009; Stroud, 2010) or are too easily accepting of preferred information 

(Ditto et al., 2019; Ditto & Lopez, 1992; Taber & Lodge, 2006). Within the realm of climate 

change, there is some evidence of directional motivated reasoning (P. S. Hart & Nisbet, 2012; 

Kahan et al., 2017; Palm et al., 2017). Other research, however, finds little evidence of 

directional motivated reasoning in climate change communication, suggesting that perhaps 

people may rely on accuracy goals when interpreting climate change information (Druckman & 

McGrath, 2019; van der Linden, Maibach, et al., 2019). Traditional research on motivated 

reasoning may be “too hot”, assuming more directional, political motivated reasoning than the 

evidence suggests (Hennes et al., 2020).  

 A recent meta-analysis highlights evidence that political partisans tend to reject 

information that is counter to their pre-existing beliefs (Ditto et al., 2019), suggesting that 

conservatives will be less influenced by climate change interventions (i.e., smaller effect sizes) 

than liberals. If conservatives are motivated to form accurate conclusions, then some 

interventions might be effective like those that provide evidence perceived as strong by 

conservatives (Druckman & McGrath, 2019). However, it is unlikely that many of the traditional 

science-based interventions will consist of evidence perceived as strong by conservatives, given 

their distrust of climate science (Lewandowsky & Oberauer, 2016; Washburn & Skitka, 2018). If 
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conservatives are motivated to form directional conclusions, then interventions may be effective 

if they affirm conservative values (Druckman & McGrath, 2019). Given the specific nature of 

these two elements -- interventions that provide strong evidence as perceived by conservatives or 

affirm conservative values -- it seems unlikely that many interventions will fit either situation. 

Therefore, it is expected that most interventions are interpreted in a partisan manner, leading to 

rejection of the information rather than change in attitudes and thus smaller effect sizes for 

conservatives. 

Relatedly, there is a line of research that investigates how attitude measures are phrased 

and whether they use the term “global warming” or “climate change.” Some evidence suggests 

that the phrasing is important for conservatives (Schuldt et al., 2011), such that conservatives are 

more likely to believe in climate change than in global warming. Other studies show that 

Independents are especially influenced by the phrase choice (Benjamin et al., 2017). As this line 

of research compares “global warming” to “climate change” (rather than treatment vs. control), it 

is unclear whether interventions using one phrase or the other would be more effective and 

therefore we do not propose a hypothesis. 

1.2.2 Type of Attitude 

 A second theoretical moderator is the type of climate change attitude. Attitudes can 

include belief that climate change is happening, belief that climate change is caused by humans, 

concern about climate change, and support for climate change mitigation policy, among many 

others. Public polling reveals differences across these attitudes. For example, a recent poll found 

that around 73% of Americans believe in global warming, 62% believe it is human-caused, 66% 

are at least somewhat worried about it, and 44% say they have experienced its effects 

(Leiserowitz, Maibach, Rosenthal, Kotcher, Bergquist, et al., 2020). While support for climate 
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change policy varies depending on the specific policy, Hornsey et al. (2016) provided meta-

analytic evidence that the link between climate change belief and policy support is weak, 

suggesting distance between these two attitudes. One reason for this distance may be that any 

climate change policy would likely require a cost (e.g., tax), making it more difficult to garner 

support for policy than belief. Research finds that policies framed as taxes are especially 

disliked, highlighting that cost may play a role in policy support (Hardisty et al., 2010, 2019). 

This could make it even more difficult for interventions to increase it.  

In addition, there is evidence that liberals and conservatives respond differently across 

these attitude outcomes. As public opinion polling has found, liberals have a strong belief in 

anthropogenic climate change, whereas many conservatives believe that the earth is warming but 

not due to human activity (Leiserowitz, Maibach, Rosenthal, Kotcher, Ballew, et al., 2020). 

Additionally, research suggests that support for climate change policy could be diminished 

among conservatives due to the regulatory nature of policy implementation (Campbell & Kay, 

2014). This finding indicates that liberal and conservative differences in policy support might be 

larger than differences in climate change belief.  

 However, other research suggests the opposite conclusion. Renewable energy legislation 

can garner conservative support (Gillis & Popovich, 2017), especially when it is framed in line 

with conservative ideology (Hess et al., 2016). Recent polling found that Trump voters support 

policies such as generating renewable energy on public land (77%), regulating pollutants that 

cause global warming (62%), and funding more research in clean energy (71%; Leiserowitz et 

al., 2017). Corroborating these results, a recent media article noted that Trump won many of the 

country’s top wind energy producing states in the most recent election (Gillis & Popovich, 

2017). Therefore, although there seems to be more evidence to suggest that liberals and 
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conservatives respond differently to policies about climate change, other data suggests liberal 

and conservative attitudes towards policy may be closer than they are for other types of attitudes. 

Importantly, given that the current meta-analysis is focused on climate change, there may be less 

conservative support for the policies included in this meta-analysis than for other general 

environmental policies such as recycling policies.  

1.2.3 Type of Intervention  

Key to the current meta-analysis is an examination of which types of interventions are 

most effective. This section will provide a brief background about various intervention types. 

 1.2.3.1 General or Scientific Information About the Effects of Climate Change. 

Common interventions involve describing the effects of climate change, whether through 

introducing a new scientific finding or simply providing general information. Within the field of 

climate change communication, the information-deficit model posits that increasing public 

knowledge will lead to increased public support to address climate change (for a review, see 

Suldovsky, 2017). Some evidence suggests that knowledge about climate change may be 

beneficial for generating action on global warming and correcting misperceptions (Bord et al., 

2000; Guy et al., 2014; Ranney & Clark, 2016).  

 Responses to general information about climate change, however, may not be evenly 

distributed across the political spectrum. Some researchers and journalists argue that 

conservatives are more likely to deny science or have less trust in it (Gauchat, 2012; Jost et al., 

2003; Mooney, 2012). However, a recent experimental study revealed that both liberals and 

conservatives engage in denying scientific information that is not in accordance with their 

attitudes (Washburn & Skitka, 2018). Conservatives are less trusting of climate science than 
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liberals are (e.g., Pechar et al., 2018), suggesting that additional information about climate 

change may be persuasive for liberals but not for conservatives.  

1.2.3.2 Scientific Consensus. A related line of research has emerged in the past few 

years focusing on messaging about agreement among climate scientists. This research attempts 

to bridge the gap between science and the public. Often based on the gateway belief model 

(GBM), research on this topic posits that knowledge of the scientific consensus is a gateway 

belief to other climate change attitudes, such as belief in human-caused climate change and 

support for action to address it (van der Linden, Leiserowitz, et al., 2019; van der Linden et al., 

2015).  

Multiple experimental studies have examined the effectiveness of consensus messaging, 

with many providing support for the GBM (e.g., Brewer & McKnight, 2017; Myers et al., 2015; 

van der Linden, Leiserowitz, et al., 2019; van der Linden et al., 2015). However, the overall 

effectiveness of consensus messaging -- especially when looking at attitudes such as belief and 

support for policy -- is debated (Dixon et al., 2017, 2019; Kahan, 2017; Kerr & Wilson, 2018; 

Ma et al., 2019; van der Linden et al., 2017, 2018; van der Linden, Maibach, et al., 2019). 

Experimental evidence on consensus messaging is mixed regarding whether effective consensus 

messages merely increase participants’ beliefs about the scientific consensus itself or if they also 

increase other climate change attitudes, such as belief and policy support.  

1.2.3.3 Emotion. Because of the potential catastrophic effects of climate change, 

discussion of it often creates anxiety and fear. Media members debate whether appeals to fear are 

better at compelling action than optimistic calls for hope (Mann et al., 2017; Wallace-Wells, 

2017). Meta-analyses on fear appeals suggest that it may be an effective motivator depending on 

other aspects of the message (Tannenbaum et al., 2015; Witte & Allen, 2000). Although fear-
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based messaging in other domains is somewhat effective, its success within the environmental 

domain is mixed (see Reser and Bradley, 2017, for a review). Researchers have also examined 

the link between positive emotions and climate change attitudes (Smith & Leiserowitz, 2014). 

However, Chapman et al. (2017) criticized the use of emotional messages as an effective tool in 

climate change communication, citing mixed evidence of emotions research and the 

unpredictable ways in which people respond to emotional messages. Given the range of 

responses they can provoke, the effectiveness of emotional messages relies on the combination 

of the emotion used to influence attitudes and the audience receiving the message.1  

1.2.3.4 Psychological Distance. Because climate change is an abstract and difficult to 

grasp concept, it can be challenging for people to feel urgency in addressing it (e.g., Markowitz 

& Shariff, 2012; Moser, 2010). Researchers have proposed that one way to increase engagement 

with climate change is to make it feel closer and less abstract (Fielding et al., 2014; Weber, 

2016). Relying on construal level theory (CLT; Trope & Liberman, 2010), research using 

psychological distance manipulations attempts to make climate change feel closer 

psychologically. Some correlational studies suggest that people have stronger attitudes toward 

climate change the closer they feel to it (A. S. Singh et al., 2017). Although theoretically 

expected to increase climate change attitudes, the experimental evidence for the effectiveness of 

psychological distance interventions is mixed (McDonald et al., 2015), perhaps because reduced 

distance may increase fear (Spence & Pidgeon, 2010) or because CLT may not be a good 

theoretical fit for climate change (Brügger, 2020). This mixed evidence leaves doubt as to 

whether these interventions will be effective overall.  

 
1 Although there were not enough emotion-related studies to group them by emotion (e.g., fear, hope) in the current 
meta-analysis, future meta-analyses on the topic should continue to consider the differential effect of emotions on 
climate change attitudes and other outcomes. 
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1.2.3.5 National Security. National security interventions highlight the benefits of 

addressing climate change through the lens of national security (e.g., increased energy 

independence), which may be more relevant for conservatives than for liberals. In a meta-

analysis of political ideology and personality, Jost et al. (2003) found that conservatism was 

associated with death anxiety, system instability, uncertainty tolerance, and fear of threat and 

loss -- all constructs related to security. However, liberals and conservatives in the United States 

share a common ingroup identity as Americans so have a vested interest in its success, which 

makes an appeal to national security a potentially effective intervention for both groups (e.g., 

Wolsko, 2017).  

1.2.3.6 Economy. Economic interventions highlight the economic benefits of addressing 

climate change or the economic harms of failing to do so. These interventions rely on 

Americans’ (and particularly conservatives’) widely-held desire for a healthy economy (Pew, 

2016). Conservatives may be particularly attuned to economic issues as conservatism as an 

ideology generally favors small government and a free market economy (e.g., Crowson, 2009; 

Everett, 2013). Therefore, a message that emphasizes the economic aspects of climate change 

impacts -- whether economic benefits from mitigation or economic costs of impacts -- speaks a 

conservative language by highlighting values often associated with conservatism.2  

1.2.3.7 Religion. Religious interventions included in the current meta-analysis generally 

take on two forms: arguing for environmental action by relying on religious values or texts and 

highlighting a religious figure’s (e.g., Pope Francis) support for environmental causes. These 

 
2 ‘Economy’ may have some nuance as a category. Generally, conservatives support the free market whereas liberals 
favor government regulation. An intervention that highlights the ability of the free market to stop climate change is 
slightly different than one that highlights the harm that climate change will have on the economy (or positive 
economic benefits of mitigation). Unfortunately, the small number of economic manipulations involved in the 
current meta-analysis limits our ability to distinguish between types of economic interventions.  
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interventions leverage religion by linking the environment to Christian values in order to target 

Christian participants’ morality in hopes that this might be especially persuasive for climate 

skeptics who are also Christian.3 Given this targeted nature of religious interventions, however, it 

is unlikely that they would be effective across multiple studies with religiously diverse samples.  

1.2.3.8 Morality. Given that moralized attitudes (those rooted in one’s sense of moral 

right or wrong) are fundamentally different from non-moralized attitudes (Skitka et al., 2005), 

research using moral interventions attempts to increase engagement with climate change by 

reframing it as a moral issue. Some studies suggest that aligning a climate message with the 

moral values of its audience is an effective way to break through political polarization. 

Specifically, reframing climate change in terms of conservative morality (see Graham et al., 

2009, 2011) seems to be an effective way to engage conservatives in climate change (Feinberg & 

Willer, 2013; Wolsko, 2017; Wolsko et al., 2016). Other studies have used less specific moral 

messaging as an intervention to moralize climate change, relying on moral intuitions to drive 

support for action on climate change (Markowitz & Shariff, 2012). 

 1.2.3.9 Summary. While the evidence for each intervention type is complex, 

interventions that target specific audiences seem most promising. In particular, moral, economic, 

and national security interventions include studies that show strong positive effects for 

conservatives. The effectiveness of more general interventions, such as those that include 

information about the effects of climate change, is less clear due to the range of evidence for and 

against them. 

1.2.4 Type of Sample 

 
3 Most research on religion and climate change (and all of the studies included in the current meta-analysis) focuses 
on Christianity specifically. 
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The type of sample that studies recruit may play a role in the effectiveness of their 

interventions. Many studies within the field of climate change communication recruit college 

students, Amazon Mechanical Turk (MTurk) workers, or a nationally representative sample. In 

comparing MTurk and nationally representative samples, one concern is that participants 

recruited through MTurk are more politically liberal (Berinsky et al., 2012; Levay et al., 2016). 

There is some evidence that the conservatives on MTurk are similar to conservatives in general, 

whereas the liberals are slightly more liberal (Clifford et al., 2015). This asymmetry in strength 

of political identity implies interventions that are particularly effective for liberals are also more 

effective for MTurk samples than for nationally representative samples. However, research 

generally finds that MTurk samples provide quality data and perform similarly to nationally 

representative samples in experiments (Buhrmester et al., 2011; Casler et al., 2013; Crump et al., 

2013; Kees et al., 2017). 

 Historically, college student samples have not been representative of the general public in 

psychology studies (Sears, 1986). Some polling evidence suggests that young Republicans and 

young people in general are more supportive of action to curb emissions than the general 

population (Mooney et al., 2014). Another recent poll shows that 77% of American adults under 

30 years-old say the environment should be a top governmental priority and 64% say climate 

change should be (Pew, 2020). These numbers reflect a 10% and 8% increase over adults aged 

30 to 49 for the environment and climate change, respectively. This generational shift implies 

that college student conservatives might be less skeptical of climate change than the average 

American conservative. As a result, there may potentially be a ceiling effect for college students, 

such that interventions are not effective simply because college students already have extremely 

strong positive attitudes towards climate change. Indeed, if samples vary on important 



CLIMATE CHANGE ATTITUDES META-ANALYSIS 
 

13 

moderators of an effect (e.g., ideology), they may be prone to display differential treatment 

effects (Boas et al., 2020; Druckman & Kam, 2011). 

1.3 The Current Meta-Analysis 

 In the previous section, we discussed reasoning for why intervention effectiveness might 

differ based on political affiliation, type of attitude, type of intervention, and type of sample. The 

current meta-analysis tests if interventions work overall then various moderators to identify 

factors of theoretical, practical, and methodological importance that explain variation in effect 

sizes across studies. Because politics is a key driver of climate change attitudes, we test each 

moderator individually then its interaction with political affiliation. This meta-analysis provides 

insight into factors that lead to successful interventions with the goal of helping identify the best 

ways to spur collective action on climate change. 

2. Materials and Methods 

2.1 Inclusion Criteria 

Studies had to meet the following three criteria to be included in the meta-analysis: 1) 

random assignment of participants into study conditions, 2) a control condition where 

participants did not receive an intervention related to climate change, and 3) a measure of climate 

change attitudes after the experimental manipulation. Studies qualified for inclusion regardless of 

their publication status and were not excluded based on publication type, publication year, or 

publication quality. 

2.2 Exclusion Criteria 

Given our focus on climate change attitudes and American ideological polarization about 

it, studies were excluded if their samples were comprised of participants outside the United 

States (with some empiricl evidence pointing to the unique nature of climate change skepticism 
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in America; Hornsey et al., 2018). Studies were also excluded if they only measured general 

environmental attitudes or attitudes toward environmental issues not directly related to climate 

change (e.g., recycling). Given our focus on climate change attitudes, we limited the population 

of studies to those that measured attitudes rather than behaviors or behavioral intentions since 

other meta-analyses have studied pro-environmental behavior (e.g., Maki et al., 2016, 2019), 

household energy use (Karlin et al., 2015), the relation between climate change attitudes and 

behavior (Hornsey et al., 2016), and behavioral interventions for household action on climate 

change (Nisa et al., 2019).  

 

Figure 1 

Flow Chart of Abstract and Full-Text Screening Process 

 

 

 

 

 

 

 

 

 

 

 

 

13,154 Reports retrieved 
    11,311 Web of Science 
      1,574 PsycINFO 
         243 Communication abstracts 
           26 Additional articles 

12,590 Abstracts reviewed 

564 Duplicates removed 

869 Full-text reports reviewed 

75 Reports included 

794 Excluded 
    338 Non-US sample   
    166 Non-experimental 
    134 No control condition 
    130 Attitudes measure did not fit 
      19 Not about climate change 
        7 Under 18 participants  
    

11,721 Excluded  
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2.3 Searching the Literature  

 Three complementary search strategies were adopted to collect research relevant to our 

meta-analysis based on these inclusion and exclusion criteria. First, an electronic database search 

was conducted using Web of Science, PsycINFO, and Communication Abstracts between early 

February and mid November of 2019. In early 2020, the electronic database search was updated. 

As displayed in Table 1, the search terms reflected three aspects of our meta-analysis parameters: 

measuring attitudes, using an experimental design, and investigating the topic of climate change. 

Second, direct contact strategies were adopted to complement the electronic database search and 

offset its bias toward published studies. In particular, we emailed six of the authors with multiple 

studies qualifying for the meta-analysis to inquire if they had or knew of unpublished data on this 

topic. We also sent an email to the Society for Personality and Social Psychology listserv with a 

request for unpublished data. Third, we scanned the references of each study that qualified for 

inclusion. Figure 1 displays these literature search strategies. 

2.4 Screening the Literature 

The first author conducted both abstract and full-text screening of reports retrieved 

through these literature search strategies (the abstract screening tool can be found at: 

https://osf.io/q7jhe/). The first author screened the full-text of research reports for our inclusion 

and exclusion criteria if all abstract screening criteria were met or the report was ambiguous 

about any of these criteria and for any report without an abstract.  

2.5 Coding Studies 
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 Studies were coded for general characteristics about the report (e.g., type of publication), 

sample (e.g., proportion female, sample location), intervention (e.g., type and description), 

attitude (e.g., type), and effect size (full coding protocol at: https://osf.io/q7jhe/). Each report was 

coded by the first author and one other trained researcher (e.g., research assistant or graduate 

student). Coding agreement was calculated for the coding of each moderator and effect size with 

either unweighted Cohen’s kappa or the intra-class correlation coefficient (ICC) as appropriate 

(values reported throughout). Discrepancies were then resolved through discussion, therefore 

ultimately dropping the percentage of disagreement to zero afterward. 

 

Table 1  
 
Summary of Electronic Database Searches  
 

Category Search terms 
Search 

parameters 
Electronic 
database 

Reports 
retrieved 

     
 
 
 

 
11,311 

 
 

1,574 
 

 
243 

Attitudes attitude* or belief* or position* 
or opinion* or perception* or 
stance or judgement* or 
judgment* or skeptic* or accept* 

 
 
 
 

“Topic” 
 

 
Full-text 

 
 

Full-text 
 

 
 

 
 
 
 

Web of Science 
 

 
PsycINFO 

 
 

Communication 
Abstracts 

  
AND 
 

Experimental 
design 

intervention* or manipulat* or 
experiment* or trial* or "control 
condition" or "control group" or 
assign* or random* or study or 
studies 

  
AND 
 

Climate 
change 

"climate change" or "global 
warming" or “greenhouse effect” 

Note. The search terms for climate change were adapted from those used by (Hornsey et al., 
2016). 
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2.6 Moderators  

2.6.1 Political Affiliation  

For every study, effect sizes were calculated separately for the full sample, 

liberals/Democrats, conservatives/Republicans, and moderates/Independents. Studies tended to 

include a measure of political party (i.e., Democrat, Republican, Independent), political ideology 

(i.e., liberal, conservative, moderate), or both. If both were measured, we requested data for and 

calculated effect sizes from the measure of political party, due to its strength of association with 

climate change belief (Hornsey et al., 2016). Otherwise, we requested and used the political 

measure that was available in the report (see the Supplemental Materials for more information on 

the non-typical measures of political affiliation). 

2.6.2 Type of Attitude  

Before coding, we specified eight potential categories, including an “other” option (see 

coding protocol). After coding studies, we combined some of the original categories and 

analyzed type of attitude with these updated six categories: belief that climate change is 

happening (19.5% of effect sizes), belief in human-caused climate change (19.5%), concern or 

worry about climate change (9.8%), risk of climate change (13.8%), support for climate change 

policy (23.6%), and other (13.8%).4 Coding agreement calculated with the original coding 

categories (k = .78) and the updated categories (k = .88) showed substantial and nearly perfect 

agreement, respectively (Landis & Koch, 1977). 

2.6.2.1 Phrasing: Climate Change or Global Warming. In addition to coding the type 

of attitude, we also coded whether it was phrased in terms of climate change, global warming, 

 
4 We also analyzed this variable using the original categories and the pattern of results was consistent. The 
Supplemental Materials include more details on the combining of categories. 
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both, or neither. In moderator analyses, we only compared the effect sizes coded as global 

warming and climate change (k = .79) and tested their interaction with political affiliation. 

2.6.3 Type of Intervention 

In the coding protocol, we outlined seven categories that we anticipated finding in the 

included studies: morality, emotion, general or scientific information about the effects of climate 

change, scientific consensus, psychological distance (near), psychological distance (far), and 

other. Because many interventions included manipulations that fit into multiple categories (e.g., 

the intervention included effects of climate change and emphasized how they are occurring 

nearby or far away), coders selected all categories that applied to an intervention. This 

classification mostly led to mutually exclusive categories among the six expected intervention 

types (i.e., excluding the “other” category).5 One exception was particularly problematic, 

specifically information about the effects of climate change: while 34% of interventions included 

information about the effects of climate change, only 9% exclusively contained this type. 

Therefore, we categorized interventions as information about the effects of climate change if that 

was listed as the only category. Additionally, a number of interventions in the “other” category 

coalesced into themes: national security, religion, and economy/free market (smaller categories 

also emerged, but with very few studies). Moderator tests were conducted on the original coding 

of intervention type and the expanded types (with the three new categories). Both the original 

coding of the intervention type (k = .76) and the expanded types (k = .74) indicated substantial 

agreement between coders. 

 2.6.3.1 Intervention Direction. Although not originally planned as a moderator, 

intervention direction emerged as an important classification. Some studies included conditions 

 
5 The original coding and the expanded coding had a few overlaps between type of interventions. Full details about 
those overlaps are described in the Supplemental Materials. 
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that were not interventions to increase climate change attitudes but rather to introduce 

misinformation or anti-climate change arguments. Many of these interventions included 

misinformation as part of a manipulation, usually to compare it with a corresponding correction 

condition (i.e., a condition that includes both misinformation and debunking of misinformation). 

To avoid confounding effect size estimates by combining data from interventions designed to 

increase belief in climate change with those intended to decrease it, we coded whether 

interventions were positive (i.e., presenting information to increase belief in climate change), 

mixed (i.e., presenting information to increase belief in climate change along with a skeptic’s 

viewpoint or counterarguments), or negative (i.e., presenting only a skeptic’s viewpoint or 

information to decrease belief in climate change). Manipulations that humorously presented a 

skeptic’s viewpoint as a way to reveal the weakness of that argument were coded as positive 

(e.g., Anderson & Becker, 2018). Intervention direction was treated as a categorical variable with 

positive interventions as the reference group (coded 0) and dummy variables to represent mixed 

and negative interventions (coded 1 for each vector). There was substantial agreement between 

coders on intervention direction (k = .63). 

 2.6.3.2 Intervention Medium. Another moderator that emerged was the type of medium 

through which interventions were delivered, including short text excerpts, videos, and images or 

maps of climate change effects. We coded this moderator into five categories: text, video, image 

or map, text along with image or map, and other. These initial categories were then combined 

into four: text, video, image or map, and other (k = .80).6  

2.6.3.3 Control Type. As a methodological moderator, we coded the type of control 

condition within each experiment. Coders sorted control conditions into five categories (see 

 
6 Studies with text accompanied by images or maps were grouped into the image or map category. One study 
included both text and a table, which was grouped into the text category. 
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coding protocol), ranging from no information at all to a brief definition of climate change. 

Because most interventions used either no information or an unrelated task, we grouped this 

moderator into three categories: no intervention, a task unrelated to the environment or climate 

change, and other (k = .88).  

2.6.4 Type of Sample 

Coders selected from six options to categorize samples: college students, MTurk, 

YouGov, Qualtrics Panel, GfK, and other. Most studies used MTurk (23 samples, 30%), college 

students (14 samples, 18%), Survey Sampling International (SSI; 9 samples, 12%), and Qualtrics 

Panels (6 samples, 8%). The remainder of sample types were widely distributed and none were 

used by more than three independent experiments. Additionally, we categorized whether samples 

were nationally representative and used this distinction as a separate moderator. Coders showed 

nearly perfect agreement for both sample type (k = .98) and whether the sample was nationally 

representative (k = .81). 

2.6.5 Sample and Report Characteristics 

To examine demographic variables as moderators, we coded the average age (or median 

when mean was not available) for each experiment (k = .81),7 the percent of the sample that was 

female (k = .99), and the percent of the sample that was White (k = .94). Additionally, coders 

noted the year that the data were collected (if not available, then the year the manuscript was 

submitted) and the type of publication (e.g., journal article, dissertation, unpublished study). 

Publication type was grouped as published or unpublished and tested as a moderator. 

2.7 Effect Size Calculation 

2.7.1 Standardized Difference Between Means (SMD) 

 
7 After removing a typo (where .478 was changed to 47.8 for average age), the kappa for age increased to nearly 
perfect agreement (k > .99). 
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Given that Cohen’s d tends to overestimate the population mean difference in small 

samples (Borenstein et al., 2009), Hedges’ g is seen as preferable when working with small 

samples (Lakens, 2013). Because we split effect sizes by political affiliation (i.e., an effect size 

for each political group), the samples tended to be small. Therefore, we calculated Cohen’s d for 

the standardized difference between means (treatment vs. control) and applied the correction for 

small samples used by Hedges’ g (Hedges, 1981). 

 The first author calculated all effect sizes using the effect size calculator from the 

Campbell Collaboration (Wilson, n.d.), and all effect sizes were also coded by another trained 

researcher (ICC for d = .85; ICC for v = .91). Discrepancies (where differences in d were greater 

than 0.01 and for v greater than 0.001) were then resolved by discussion. All effect sizes were 

calculated such that larger effects corresponded to stronger climate change attitudes in the 

intervention group compared to control (e.g., more belief, more concern, more worry, more 

policy support). If studies included attitudes in the opposite direction (e.g., climate change 

skepticism), we flipped the sign of its calculated effect size.  

2.8 Meta-Analytical Approach 

2.8.1 Dependent Effect Sizes 

Because many experiments contained multiple interventions (dependent effect sizes from 

a shared control condition) and multiple types of attitudes (dependent effect sizes from the same 

participants completing multiple attitude measures), we used robust variance estimation (RVE), 

which is a random-effects meta-regression technique that accounts for dependent effect sizes 

within each study (Hedges et al., 2010). RVE does not make distributional assumptions about 

effect sizes (Hedges et al., 2010), provides valid estimates about meta-regression coefficients 

even in small samples (with a small sample adjustment, Hedges et al., 2010; Tipton, 2015), and 
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includes meta-regression moderator tests (Tipton & Pustejovsky, 2015). Relying on the 

robumeta package (Fisher & Tipton, 2015) in R, we used RVE in the current meta-analysis 

because it allowed us to utilize the maximum amount of information from the included studies 

(e.g., using all attitude measures). We would not expect interventions to produce a single true 

effect size, with a random-effects model (as opposed to fixed) appropriate as a result.  

2.8.2 Weighting 

In RVE, weights are determined by the number of effect sizes per study, the average 

variance (across effect sizes) in a study, and the estimate of the between-study variability, Tau-

squared (τ2). Because most of the dependencies in our meta-analytic dataset were due to multiple 

measures and a shared control group, we used a correlated effects model along with the 

corresponding weighting scheme (Hedges et al., 2010; Tanner-Smith & Tipton, 2014). 

2.8.3 Moderator Analyses 

We used the Approximate Hotelling-Zhang (AHZ) test for moderator analysis (Tanner-

Smith et al., 2016; Tipton & Pustejovsky, 2015), implemented with the clubSandwich package 

(Pustejovsky, 2020) in R. In RVE, T2 represents an estimate of the variance between-studies after 

averaging dependent effect sizes within-study. The calculation of T2 relies in part on the value of 

a common correlation. The most conservative estimate of this correlation is 1, which would 

mean that studies do not receive extra weight for having more effect sizes (Fisher & Tipton, 

2015; Hedges et al., 2010). We used the default assumed correlation of .80, but sensitivity tested 

correlations of 0 and 1 and report whenever the pattern of results changes among these 

assumptions (although results tend to be robust to this correlation assumption; Hedges et al., 

2010; Tipton, 2015).  

3. Results 
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3.1 Retrieving Effect Sizes 

 75 reports qualified for inclusion in the meta-analysis (Figure 1).8 The meta-analysis 

ultimately integrated 63 reports with 76 independent samples and 396 effect sizes from 76,033 

participants. For each experiment, we calculated an effect size for the full sample as well as an 

effect size for liberals, conservatives, and moderates separately. Where political affiliation is not 

included as a moderator in the results reported below, the meta-analytic calculations are based on 

effect sizes from the full samples.  

3.2 Summary Effect  

Combining all studies led to a very small effect and a large amount of heterogeneity, g = 

0.03, 95% CI [-0.01, 0.06], p = .19, I2 = 80.47, as expected due to the varied nature of 

interventions and other factors that were hypothesized to impact their effect. We first tested 

moderation by intervention direction in order to exclude interventions that were intentionally 

aiming to reduce belief in climate change (e.g., providing misinformation about climate change). 

As expected, intervention direction was a significant moderator, F(14.41) = 15.88, p < .001 

(Figure 2). In particular, interventions aiming to reduce climate change belief were significantly 

different than interventions aiming to increase it, b = -0.39, 95% CI [-0.53, -0.24], t(11.46) = -

5.82, p < .001. Interventions that combined these elements were not significantly different than 

positive interventions, b = -0.06, 95% CI [-0.13, 0.002], t(11.73) = -2.13, p = .06. Separately 

meta-analyzing these interventions results in negative interventions having the largest effect size 

(g = -0.29), followed by positive (g = 0.08) and mixed interventions (g = 0.01).  

 
8 Out of these 75 reports, 15 reported the information needed to calculate effect sizes. We emailed the corresponding 
authors of the remaining 60 reports and received 48 responses that included the necessary data to calculate effect 
sizes, resulting in a final sample of 63 reports. 
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This evaluation of intervention direction reflects the theoretical reasoning behind 

separating positive, mixed, and negative interventions. For the remaining analyses, we excluded 

negative (27 effect sizes from 14 studies) and mixed (57 effect sizes from 12 studies) 

interventions to isolate the effect of positive interventions on climate change attitudes.9 The 

Supplemental Materials include overall and moderator results when including both positive and 

mixed interventions. 

After this exclusion of effect sizes for negative and mixed interventions, interventions 

had a significant positive effect on climate change attitudes, n = 69, k = 312, g = 0.08, 95% CI 

[0.05, 0.10], 95% prediction interval [-0.04, 0.19], t(45.93) = 7.39, p < .001, I2 = 31.32, T = 0.05. 

Appendix A describes the different characteristics of every report included in the meta-analysis, 

with the full dataset available online (https://osf.io/q7jhe/).  

3.3 Moderators 

3.3.1 Political Affiliation 

To test political affiliation as a moderator of intervention effectiveness, we separated 

effect sizes by political group (namely liberals, conservatives, and moderates) resulting in 905 

effect sizes across 67 studies (see Table 2).10 Political affiliation was not a significant moderator 

of intervention effectiveness, F(30.47) = 0.25, p = .78. In other words, effect sizes did not 

significantly differ between liberals, conservatives, and moderates.  

3.3.2 Type of Attitude  

 
9 Although one option could be to simply flip the sign of the effect size of negative interventions, doing so would 
assume that inducing skepticism is the same as garnering support if one were to merely implement an opposite 
intervention. However, this assumption of symmetry ignores motivated reasoning processes. For example, if a 
skeptic sees skeptical information, they may be inclined to believe it (and thus become more skeptical). Flipping the 
sign assumes that the skeptic would respond positively towards positive information. In reality, there is evidence 
that the skeptic would discount that positive information (Ditto et al., 2019). Therefore, it is important to keep 
positive interventions separate from negative ones.  
10 Even though we included measures of both political ideology and political party, we will refer to political groups 
as liberals, conservatives, and moderates (rather than always repeating both ideologies and parties).  
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The type of climate change attitude was a significant moderator of effect size (Table 2). 

Specifically, interventions were significantly less effective on policy beliefs than on any other 

attitude type. As expected, belief in climate change had the largest estimated intervention effect 

size, although it was only significantly larger than policy support. Type of climate change 

attitude did not significantly interact with politics, F(14.70) = 0.79, p = .64.  
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Figure 2 

Effect Sizes Broken D
ow

n By Intervention D
irection 

 

N
ote. For visual clarity, the transparency of effect sizes reflects their w

eight (divided into ten w
eight classes). The error bars represent 

95%
 prediction intervals around the estim

ated effect size for each intervention direction based on the m
eta-regression m
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distributions have a m
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ated effect size for each group and standard deviation equal to √
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3.3.3 Type of Intervention 

The effect of interventions on climate change attitudes did not vary significantly as a 

function of the type of intervention, F(3.19) = 1.48, p = .40 (Table 2).11 Given the large number 

of coefficients required to test its interaction with politics (i.e., 10 conditions by 3 political 

groups), we investigated the interaction effect of politics by conducting separate models for each 

political affiliation. However, because the number of independent studies contributing to each 

political group by intervention category was small (2 for liberals and moderates while 3 for 

conservatives) and the categories were unbalanced resulting in few degrees of freedom, we 

report these results in the Supplemental Materials. Although these analyses find no significant 

evidence of moderation by political affiliation, they have little power to detect it (the 

Supplemental Materials also include exploratory analyses where we removed intervention types 

with few studies contributing to them).  

Figure 3 depicts effect sizes by type of intervention. Although the inferential conclusions 

are limited, this graph reveals general trends of effect sizes and how they vary by intervention 

type. The most promising interventions were those that invoked emotion, decreased 

psychological distance, and involved religion (see Table 2 for estimated effect sizes for each of 

these intervention types). In contrast to the other types of intervention, ones focusing on 

scientific consensus were tested in a larger number of independent samples (n = 20). Conducting 

a separate meta-analysis with just consensus interventions, the effect size was statistically 

 
11 Using the original seven categories, intervention type was a significant moderator, F(6.32) = 4.48, p = .04. 
However, none of the individual meta-regression coefficients were significantly different from 0. All of the 
coefficients using the original categories were similar to those when using the expanded categories. Similar to the 
expanded categories, the original seven categories were not a significant moderator for liberals, conservatives, or 
moderates (Supplemental Materials). 
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significant and positive, g = 0.09, 95% CI [0.05, 0.13], p = .004, and not significantly moderated 

by political group, F(6.65) = 0.89, p = .45.  

3.3.4 Type of Sample 

Sample type was not a significant moderator of intervention effects on climate change 

attitudes, nor did it interact with political affiliation, F(5.77) = 0.51, p = .82 when samples were 

consolidated into the five categories described earlier. When using the original coding of sample 

type (e.g., including YouGov and GfK), sample type was also not a significant moderator of 

effect sizes, F(4.81) = 1.21, p = .42. Moreover, representative samples of the U.S. population did 

not significantly differ from non-representative samples, b = -0.01, 95% CI [-0.05, 0.03], 

t(13.54) = -0.59, p = .56.  
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indicate that the estim
ated effect size or slope w

as significantly different than 0. Percent W
hite and percent fem

ale are in percentages 
(0-100). The Supplem

ental M
aterials include this sam

e table but w
ith 95%

 C
Is rather than prediction intervals. 

***p < .001. **p < .01. *p < .05. 
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Figure 3 

Effect Sizes Broken D
ow

n by Intervention Type 

 

 

N
ote. For visual clarity, the transparency of effect sizes reflects their w

eight (divided into ten w
eight classes). The error bars represent 

95%
 prediction intervals around the estim

ated effect size for each intervention type based on the m
eta-regression m

odel (positive 
interventions only). The t distributions have a m

ean equal to the estim
ated effect size for each group and standard deviation equal to 

√ 𝑆𝐸
2+

𝑇
2. The dashed vertical line represents the overall sum

m
ary effect for all positive interventions, g = 0.08. 
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3.3.5 Other Moderators 

Lastly, we investigated some exploratory and report-level moderators, namely attitude 

phrasing, intervention medium, control type, age, percent White, percent female, year of data 

collection, and publication status (Table 2). Effect sizes did not significantly vary by attitude 

phrasing, namely as climate change or global warming (Table 2). However, political affiliation 

significantly interacted with phrasing, F(29.44) = 3.32, p = .0499, such that interventions were 

marginally more effective for conservatives when global warming was the phrase rather than 

climate change, b = 0.09, 95% CI [-0.003, 0.19], p = .06. For liberals (b = -0.04, 95% CI [-0.10, 

0.02], p = .23) and moderates (b = -0.03, 95% CI [-0.11, 0.06], p = .53), interventions were 

(nonsignificantly) less effective with the phrase global warming compared to climate change. 

However, none of the comparisons (climate change vs. global warming for liberals, 

conservatives, or moderates) were statistically significant and the overall interaction is not robust 

under sensitivity analyses, becoming marginally significant when the assumed within-study 

correlation was set to 1 (rather than .8). 

The only other significant moderator was percentage female (Table 2), where effect sizes 

were significantly larger in studies with a higher percentage of females in the sample. Based on 

the meta-regression coefficient, a 10% increase in females was associated with an increase in 

Hedges’ g of 0.03.  

3.4 Publication Bias  

 To examine the possibility of publication bias in the observed effect sizes, we visually 

inspected and inferentially tested for asymmetry around funnel plots. We constructed funnel 

plots using two datasets: one dataset that aggregated dependent effect sizes using the MAd 

package in R (Del Re & Hoyt, 2014) to calculate one effect size per independent sample, 
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assuming a within-study correlation of .50, and another dataset that ignored dependencies and 

used all effects (i.e., multiple effect sizes per sample), treating them as if they were independent 

(excluding mixed and negative interventions as in the main analyses). Figure 4 displays the 

funnel plot for the aggregated dataset (only one effect size per independent sample), and Figure 5 

shows the plot for the full dataset (all effect sizes, ignoring dependencies) with both plots 

visually seeming symmetrical. We also conducted an Egger regression test using RVE, with 

standard errors as a predictor of the observed effect sizes (Egger et al., 1997; Rodgers & 

Pustejovsky, 2020). The standard error was not a significant predictor of effect sizes using RVE, 

b = 0.04, 95% CI [-0.54, 0.62], t(23.71) = 0.14, p = .89.12 Considering both of these methods 

together, there is little evidence of publication bias in the meta-analyzed studies (see the 

Supplemental Materials for potential explanations). 

 

 

 

 

 

 

 

 

 

 

 
12 Pustejovsky and Rodgers (2019) suggest using a modified covariate in place of standard error (assuming balanced 
sample sizes between control and treatment). An Egger regression test with this modified covariate was also not 
significant, b = 0.02, 95% CI [-0.56, 0.61], t(25.06) = 0.08, p = .94. 
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Figure 4 

Funnel Plot of Aggregated Effect Sizes 

 

 

Figure 5 

Funnel Plot of All Effect Sizes, Ignoring Dependencies 
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4. Discussion 

The current meta-analysis quantitatively integrated and reconciled experimental studies 

that tested interventions to influence climate change attitudes. This meta-analysis brought 

together 76 independent experiments with 396 total effect sizes that tested an intervention 

against a control condition to enable a consistent comparison across studies. Addressing climate 

change by implementing mitigation and adaptation strategies requires a public willingness to 

take action. Therefore, it is necessary to discover and develop interventions designed to increase 

the public’s belief in, concern for, and endorsement of action on climate change. This meta-

analysis provides rigorous insight into those interventions. 

4.1 Interpretations  

Given the nature and goals of studies included in the meta-analysis, some interventions 

were actually intended to reduce belief in climate change. This direction of intervention -- 

positive, negative, or mixed -- changed both the magnitude and direction of its effect on climate 

change attitudes. Not surprisingly, interventions intended to reduce beliefs in climate change 

significantly did so while interventions intended to increase them significantly did so. The 

negative and positive interventions used similar strategies to influence attitudes (e.g., a news 

article).  

Even though the intervention strategies were similar, effect sizes were much stronger (g = 

-0.29) for negative interventions than for positive ones (g = 0.08). This finding highlights the 

relative ease with which people are willing to doubt climate change as opposed to accept it. 

Given that climate change is an uncertain event with potentially devastating negative 

consequences, people might tend to cling to information that gives them hope even if that hope is 

grounded in downplaying the consequences.  
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The type of intervention was not a significant moderator of its effect on climate change 

attitudes and thus we cannot make a statistical claim as to the best intervention. However, by 

separately estimating summary effects for interventions, we found that emotion, psychological 

distance (near), and religious interventions displayed the most promise. The small number of 

effect sizes and limited number of independent samples likely contributed to the nonsignificant 

moderation by intervention type.  

Attitude type was a significant moderator of intervention effectiveness. In particular, 

attitudes about climate change beliefs appear more malleable than attitudes about climate change 

policy with a significantly weaker effect on them. This finding was in line with previous research 

(Hornsey et al., 2016), given that support for policy may imply a cost and would be expected to 

occur after one accepts climate change. However, beyond implying additional costs, policy 

beliefs may have a smaller average effect for other reasons. The finding could also be due to the 

goal of interventions: some interventions may have been targeting belief in climate change, with 

endorsement of climate policy measured in the study but not as the focal outcome. As a result, 

these interventions may be better suited for influencing belief but not policy support. 

Additionally, policy support may be more downstream than belief in climate change. For 

example, the GBM posits that people’s knowledge about scientific agreement influences their 

belief in and worry about climate change, which in turn increase their support for public action 

(van der Linden et al., 2015). Policy support may require people to accept the initial facts of 

climate change and connect how policies solve the problem. There are numerous reasons for the 

observed tenacity of policy beliefs including that policies imply costs, interventions may not 

have targeted policies specifically, and policies require more complex knowledge. Whatever the 

mechanism, these results, especially given variation across studies in other factors, suggest that it 
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is more difficult to influence people’s attitudes about supporting a climate change policy than to 

persuade them that climate change exists.  

Political affiliation was not a significant moderator of intervention effectiveness, 

indicating that interventions were similarly effective for liberals, conservatives, and moderates. 

Although research on motivated reasoning might predict that conservatives would be particularly 

unaffected by the typical positive intervention (e.g., not one targeted at conservatives), such 

interventions were relatively ineffective across the political spectrum. Conservatives may have 

been dismissive of positive interventions on average (leading to low effectiveness) and liberals 

may have exhibited a ceiling effect (with strong climate change attitudes even before 

interventions). Or, directionally motivated reasoning processes may have played little role and 

positive interventions were simply ineffective for all political groups (or other unknown factors 

were involved). Importantly, many of the interventions used tailored strategies to reduce 

motivated reactions to messages, but the current meta-analysis had limited statistical power to 

detect how the effect of various intervention types were differentially impacted by political 

affiliation. The match between individual motivation (e.g., accuracy) and message type is 

important (Bayes et al., 2020) yet difficult to pinpoint given the variety of studies in this meta-

analysis. Nevertheless, some interventions may be useful not because they lead to large changes 

in attitudes, but because they have consistent positive effects for all political groups without 

causing backfire (e.g., consensus messages). 

Although we were able to test political affiliation as a moderator of intervention 

effectiveness, inferences from its nonsignificant findings are limited. In particular, the paucity of 

studies in most moderator categories and the complexity of their modeling in the meta-analysis 

means that some types of interventions may have been particularly effective or ineffective for 
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certain partisans but there were not enough independent studies to detect significant differences. 

As a result, an overall effect of political affiliation may be hidden by its entangled relation with 

intervention type.13  

4.2 Implications  

4.2.1 Small Impact of Intervention  

The results have a number of relevant implications for researchers and policymakers 

interested in climate change communication and related fields. First and foremost, the results 

point to the limited effectiveness to date of interventions to promote positive climate change 

attitudes in comparison to a control condition. The summary effect was small with few 

significant moderators of it. The summary effect was smaller than that of a more specific meta-

analysis on framing and climate change attitudes (SMD = 0.17; Li & Su, 2018), smaller than that 

of a meta-analysis on framing and political attitudes (positive frames vs. control: d = 0.24; 

Amsalem & Zoizner, 2020), and it was much smaller than that of a meta-analysis on 

interventions targeting pro-environmental behaviors (g = 0.45; Osbaldiston & Schott, 2012). 

Visualized in Figure 6, an effect of g = 0.08 indicates that most of the control and intervention 

groups overlap and the two distributions look nearly identical. Moreover, the intervention effects 

were consistently small (as illustrated by the summary effect’s 95% prediction interval [-0.04, 

0.19]). Based on these results, it appears that many of the interventions included in this meta-

analysis -- specifically one-time messages in experimental settings -- are not an effective 

approach to changing climate change attitudes. 

 
13 When interpreting the results of political affiliation, it is important to note that sample sizes for conservative effect 
sizes were much smaller than those for liberal effect sizes (see full data at: https://osf.io/q7jhe/), leading to increased 
variance for conservative effect sizes. This added noise may have made it more difficult to detect significant 
differences between political groups and significant interactions with political affiliation. The null results here do 
not point to a lack of a political effect, but rather are inconclusive.  
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These relatively small effects, however, do not imply that interventions for climate 

change attitudes are never effective or are never meaningful. Interventions on climate change 

attitudes may be effective in specific situations, but there are not enough of those studies for their 

effects to stand out statistically (e.g., morality interventions are promising but only three 

independent studies were available for analysis). Moreover, some promising interventions do not 

include control conditions and thus did not quality for this meta-analysis (e.g., Campbell & Kay, 

2014). 

Additionally, the current meta-analysis was restricted to one-time messages. It is not 

surprising that a single message in an experimental setting might have little sway on entrenched 

political attitudes. In contrast, effects could accumulate over time or after repeated exposure and 

eventually have a meaningful impact (Funder & Ozer, 2019). However, this possibility of 

additive effects is only speculative as repeated exposure could also lead to decreased 

effectiveness over time or a return to baseline after an initial attitude change. Another possibility 

is that interventions with relatively small effects could be practically important if they are seen 

by hundreds of thousands or millions of people, which could reasonably occur for some of the 

interventions in this meta-analysis (e.g., a video demonstrating the 97% scientific consensus -- 

and used as an intervention in Brewer and McKnight, 2017 -- has over 8.6 million views as of 

late January, 2021; LastWeekTonight, 2014). For example, a Cohen’s d of 0.08 means that about 

43 people need to receive a treatment for the treatment group to have more favorable outcomes 

than the control group (Magnusson, 2020).14 Given the widespread availability of online 

 
14 Number needed to treat (NNT) relies on the assumption that 20% of the control group have favorable outcomes 
(e.g., believe that climate change is happening). NNT changes drastically with different assumptions about the 
control group (e.g., from 427 assuming 1% or 31 assuming 50%). Given current public opinion data (Leiserowitz, 
Maibach, Rosenthal, Kotcher, Bergquist, et al., 2020), we might expect about 73% of the control group to believe in 
climate change (resulting in 39 NNT) with that percentage decreasing with attitudes like policy support. However, 
the use of NNT has been criticized (e.g., Stang et al., 2010) and relying on it assumes dichotomous climate change 
attitudes (e.g., belief/non-belief or support/opposition) when these attitudes are generally treated continuously.   
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information, treating an additional 43 people would be quite easy and could amount to an 

impactful intervention with a large number of people (e.g., a social media post with millions of 

views). However, by largely relying on aggregate data, this meta-analysis is unable to test 

whether interventions across a large number of people would translate to uniformly small 

changes for everyone or instead meaningful changes for a few people. These different effects 

could impact how meaningful interventions are when applied to a large number of people. While 

the small summary effect does not imply that interventions are never effective, this meta-analysis 

lacks data on the effectiveness of repeated or large-scale interventions and thus these discussions 

around potentially meaningful effects are speculative. 

 

Figure 6 

Simulated Control and Treatment Distributions for an Effect of 0.08 

 

Note. The control and intervention groups each include 500 observations, and each have a 
standard deviation of 1. The control group has a mean of 0 and the intervention group has a mean 
of 0.08.  
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4.2.2 Asymmetry of Skepticism and Support 

 Given the finding of asymmetry of negative and positive interventions, policymakers and 

those communicating the science of climate change should be cautious when discussing climate 

science. One potential solution is to provide information about the scientific consensus. Although 

doing so as an intervention itself has limited effectiveness (our current results show an effect size 

of g = 0.09 for consensus manipulations), consensus messaging is a valuable tool to inoculate the 

public against misinformation (Cook et al., 2017; Maertens et al., 2020). Moreover, our 

asymmetry finding implies that positive interventions have a higher standard than negative ones: 

a generic message about the limited effects of climate change may be enough to induce 

skepticism, but a generic message about the extensive effects of climate change will probably not 

be a strong positive influence on attitudes. As a result, interventions need to be especially 

persuasive and tailored to an audience’s values (Druckman & McGrath, 2019) to increase 

supportive attitudes toward climate change and ultimately influence policy support.  

4.2.3 Policy Support is Difficult to Influence 

Our results indicate that climate change belief is much easier to influence than support for 

climate change policy. Unfortunately, policy support is more important than belief, with belief 

generally seen as only instrumentally important to drive support for climate policies. Even if 

interventions were not effective for beliefs, meaningfully moving the dial in policy support 

would produce important implications for policymakers. For example, P. S. Hart and Feldman 

(2018) found that people were more receptive to policy when it was framed around air pollution 

rather than climate change, suggesting that there may be ways to garner policy support among 

climate skeptics without changing their minds about the existence of climate change. Although it 

is difficult to sway policy attitudes, there may be ways to influence policy support without first 
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changing belief in climate change. Targeted interventions for specific policies may be 

particularly effective for meaningful climate action (e.g., highlighting policy effectiveness; 

Reynolds et al., 2020).  

4.3 Limitations 

These important implications and directions from our meta-analysis should be seen in 

light of three main limitations. 

 First, this meta-analysis combined a wide range of experimental studies, each with its 

own goals and focus. Synthesizing this broad range of studies permits evaluating the field as a 

whole and examining the myriad types of interventions that would have been excluded from a 

narrower meta-analysis. Reflecting this variation, several studies included in the meta-analysis 

focused on mediation or moderation of intervention effectiveness rather than its main effect. The 

authors of those studies might not have hypothesized a main effect of interventions on climate 

change attitudes. Only looking at the main effects of interventions limits the ability of the current 

meta-analysis to examine how fine-grained intervention characteristics (e.g., combinations of 

interventions, different response scales) explain variation in effect sizes. Differences between 

study design and our meta-analytic design highlight that “intervention effectiveness” differs 

depending on context. Although the summary effect size was small when compared to effects 

found in other meta-analyses, there are a variety of factors that contribute to intervention 

effectiveness, many of which were unable to be analyzed in the current meta-analysis. 

 Second, the generalizability of findings should be considered when applying them. For 

example, it was not possible to include the entire population of qualifying studies in our meta-

analysis. Although we attempted to obtain every study that fit its inclusion criteria, we were 

unable to retrieve data from 12 of the qualifying reports and inevitably missed some reports, as is 
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a common concern in meta-analysis more generally. Although unpublished studies are always 

more likely omitted than published ones, our three tests of publication bias indicate that the 

results are robust to omitted studies. Also related to generalizability, the current meta-analysis 

was restricted to studies conducted with samples from the United States due to the focus on 

climate change within the American political landscape. Interventions might have larger effects 

in other countries where climate change attitudes are less politicized (Hornsey et al., 2018). If 

climate change is an apolitical issue in another country, then perhaps attitudes are more easily 

swayed and thus interventions would be more effective in that country. The current results 

suggest that, at least within the politicized context of the United States, climate change attitudes 

are difficult to change.  

Additionally, the meta-analysis excluded studies focused on behavior thereby limiting its 

generalizability to attitudes only. Although behavioral outcomes would have been interesting and 

important to investigate, including them would have substantially expanded the scope of the 

meta-analysis. For example, many environmental behaviors are indirectly related to climate 

change (e.g., recycling, household energy use). Creating a distinction between climate change 

and the environment in general was easier for attitudes (with many involving face-valid 

questions about one’s perceptions of climate change) than for behaviors, where the 

interconnected nature of climate systems means that many behaviors can be eventually linked to 

climate. Lastly, the current meta-analysis only included one-time messages. As discussed earlier, 

repeated interventions could exhibit a cumulative effect and increase the practical impact of a 

very small effect size. However, the current meta-analysis is unable to empirically test this 

possibility.  
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 Third, we focused on attitudes specific to climate change, excluding attitudes toward the 

environment in general or related environmental topics. However, attitudes specific to climate 

change still include a very broad range of measures and constructs. For example, outcomes 

ranged from predicted levels of sea-ice to the personal importance of climate change to foreign 

countries’ responsibility for addressing climate change. Although conceptually reasonable to 

combine as climate change attitudes, doing so has the potential to convolute what the calculated 

effect sizes estimate. While including attitude type as a moderator helped demonstrate how effect 

size estimates varied due to them, the overall summary effect estimates much more broadly and 

should be interpreted with caution given the significant moderator by type of attitude.  

4.4 Future Directions 

 Future research should examine how and why attitudes about climate change are more 

sensitive to negative than positive messages about it. Moreover, future research could examine 

ways of offsetting this increased malleability to skeptical messages about climate change. Doing 

so would reduce the potential for increased uncertainty around climate science that so often 

sparks skepticism (e.g., Dunlap & Jacques, 2013).   

 In addition, our findings indicate that interventions were more effective if they were 

conducted in samples with a higher percentage of participants identifying as female and that 

attitude phrasing interacted with political affiliation. While we did not develop predictions about 

gender or attitude phrasing, the results may spark interest in future research on the topics. For 

example, a substantial body of research has investigated gender differences in environmental 

concern (e.g., Bloodhart & Swim, 2020; McCright, 2010). Future research could continue to 

investigate not only gender differences in climate change beliefs but also in differential response 

to interventions. In addition, we found that interventions were slightly more effective for 
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conservatives when they used the term “global warming” than “climate change” (with the 

opposite pattern for liberals and moderates). These results add to a growing body of work on this 

topic (e.g., Soutter & Mõttus, 2020) and pose a new way of studying responses to the terms, 

namely comparing if interventions are differentially effective between them.   

Our findings also suggest that research should investigate ways of making climate policy 

palatable. For example, previous research shows that avoiding the term “tax” is useful for 

garnering policy support (Hardisty et al., 2010, 2019). Additionally, framing policy as being 

supported by the ingroup may increase support, although findings using this strategy are 

somewhat mixed (Bolsen et al., 2019b; Fielding et al., 2020; Zhou, 2016). Future research should 

continue to focus on policy support as an intervention outcome (for a review, see Kyselá et al., 

2019) and consider testing different types of policy support (e.g., word framing) along with the 

effectiveness of different types of interventions (e.g., ingroup support) on these more nuanced 

aspects of policy support.  

 Finally, the current meta-analysis is one of the first to organize the varied interventions 

on climate change attitudes into specific categories. While other unnamed categories of 

interventions may remain, future research could build upon past work in the same category 

identified in this project to help facilitate future attempts to integrate and reconcile this growing -

- and potentially fracturing -- area of research. 

4.5 Conclusion  

 This meta-analysis reveals important insights about climate change attitudes and 

interventions to promote them by combining nearly a decade of diverse studies. First, it is easier 

to shift people towards skepticism of climate change than belief in it. Second, interventions to 

promote these positive attitudes show little sign of effectiveness when focusing on their main 
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effects. Third, the type of climate change attitude matters more than the type of intervention. 

Fourth, climate change beliefs are less resistant to intervention than support for climate change 

policies. Taken together, we know more now about this topical and timely challenge that should 

inform both future research and policy.   
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