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ABSTRACT OF THE DISSERTATION 

 

Influencing environmental attitudes: An experimental and meta-analytic examination of 

interventions 

 

by 

Jacob Benjamin Rode 

Doctor of Philosophy in Psychology and Social Behavior 

University of California, Irvine, 2020 

Professor Peter H. Ditto, Chair 

 

 Despite increasing scientific evidence about climate change, the topic often fails to be 

prioritized in mainstream American politics. Yet the most impactful tools that the citizens of the 

U.S. have to mitigate the negative effects of climate change involve policies applied at both a 

nationwide and multinational level. Through three distinct empirical investigations, this 

dissertation examines ways to influence environmental and climate change attitudes, using both 

original experiments and meta-analysis.  

 The first set of studies focused on perceptions of fracking through three experiments. 

Participants were given a pro-fracking (conservative position) or anti-fracking (liberal position) 

article from Fox News (conservative source) or MSNBC (liberal source). Overall, participants 

who read an anti-fracking article tended to be less supportive of fracking than those who read a 

pro-fracking article. Contrary to hypotheses, the source of the article did not impact participants’ 

attitudes about the methods of the study or about fracking.  

 The next set of experiments investigated climate change attitudes specifically. Past 

research finds that providing people with the statement that 97% of climate scientists agree that 

climate change is human-caused is an effective way to convince people about climate change. To 



 

xi 
 

extend this research, the current studies provided participants with a news article about climate 

change and embedded a consensus statement at the end of some of the articles. Compared to 

those in a control condition, participants who read an article with consensus information had 

significantly higher perceptions of the scientific consensus, although there were mixed results for 

other climate change attitudes across the three studies. The studies provide evidence that 

consensus statements can still be effective even if they are embedded at the end of a news article. 

  The dissertation ends with a meta-analysis of experimental interventions on climate 

change attitudes. The meta-analysis located experimental studies with a control condition and 

examined the difference between treatment and control as a measure of effect size. The results 

show that interventions had a small, statistically significant positive effect on attitudes. 

Furthermore, interventions were less effective for policy attitudes than for belief in climate 

change. Unexpectedly, the type of intervention used was not a significant moderator of effect 

size. The findings indicate that attitudes towards policy are more resistant to change than other 

climate change attitudes, but also point to the limited effectiveness of interventions. The meta-

analysis ends with a discussion of the implications and future directions. 

 

 

 

 

 

 



 

1 

 

INTRODUCTION 

 Climate change—increasing global mean surface temperature primarily due to human 

greenhouse gas emissions—presents a threat to both ecosystems and human society due to 

changes in Earth’s ecological system on a global scale (IPCC, 2018).1 Mitigating the worst 

effects of climate change will require action at the individual, organizational (e.g., industry), and 

governmental levels of society. The level of warming predicted due to existing greenhouse gas 

emissions presents much less of a threat than the warming that is predicted to happen if 

emissions are not substantially reduced in the next two to three decades (IPCC, 2018). Therefore, 

climate change is a threat that can be addressed to lessen its risks. 

 Action towards addressing climate change has been steady but not occurring quickly 

enough. For example, the United States withdrew from the Paris Agreement, an international 

agreement where countries set greenhouse gas emissions reduction targets and report their 

progress on those goals (Hersher, 2019). This withdrawal stems from a political divide in the 

U.S., where liberals tend to be more supportive of environmental action than conservatives 

(McCright et al., 2014; McCright & Dunlap, 2011). For instance, although people in the U.S. are 

taking climate change more seriously in recent years and placing it higher as a political priority, 

most of this increase is from liberals (Kennedy & Hefferon, 2019; Pew, 2020). Any attempt to 

stir action towards climate change mitigation needs to identify the role of politics in influencing 

attitudes. 

 This dissertation examines experimental approaches to influencing attitudes about 

climate change and other environmental topics. Chapter 1 presents a paper published in the 

journal Environmental Studies and Sciences. The series of experiments in this paper investigate 

 
1 Climate change and global warming will be used interchangeably throughout this dissertation. 
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attitudes about fracking, specifically how political partisans respond to information about 

fracking in the media. Research in motivated reasoning finds that people are overly critical of 

information that is counter to their prior beliefs, and overly accepting of information that 

confirms their prior beliefs (Ditto et al., 2019; Lord et al., 1979; Taber & Lodge, 2006). Other 

research finds similar effects with sources of information, such that people are more likely to 

accept information from a source aligned with their political beliefs than one they disagree with 

(Cohen, 2003; Ehret et al., 2018; Fielding et al., 2019). Typically, sources present information 

that is aligned with their political leanings. However, what happens when a source presents 

information that is counter to its politics? Specifically, would conservatives be more accepting of 

environmental information if it were presented by a conservative source, like Fox News? To 

answer this question, I conducted three experimental studies. Participants were presented with 

descriptive results of a study with either a pro- or anti-fracking conclusion. Furthermore, the 

results of the study were presented and described by either a conservative news outlet (Fox 

News) or a liberal one (MSNBC). Surprisingly, I found that both liberals and conservatives were 

more supporting of fracking after reading pro-fracking articles than anti-fracking articles, 

regardless of the source. There was some evidence that liberals were particularly responsive to 

information from MSNBC, although the results were inconsistent across studies. The 

experiments point to the malleability of fracking attitudes, but fail to find evidence that 

presenting environmental information from a conservative source is a particularly promising 

intervention for a conservative audience. The chapter concludes by situating the findings in the 

larger body of research and examines some of the reasons why attitudes towards fracking may be 

qualitatively different than climate change attitudes. 
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 Turning more specifically to climate change, Chapter 2 examines the impact of another 

intervention for attitudes. Previous research finds that providing people with information about 

the agreement among climate scientists about global warming—specifically that the 

overwhelming majority of climate scientists agree that human-caused climate change is 

happening—can increase people’s perception about the consensus among climate scientists (e.g., 

van der Linden et al., 2019; van der Linden et al., 2015). Some studies using this manipulation 

find that it also increases belief in climate change, worry about climate change, and support for 

policy (e.g., Goldberg et al., 2019; van der Linden et al., 2019), whereas other studies provide 

more mixed evidence (e.g., Cook et al., 2017; Cook & Lewandowsky, 2016; Ma et al., 2019). In 

addition, most of the studies using a consensus manipulation provide participants with an overt 

message (often short) that strongly highlights the consensus information. Across three 

experiments, I replicated and extended this work by inserting a consensus message at the end of 

a news article, testing whether a more subtle and ecologically valid medium could still 

effectively convey the same information. In all three studies, participants who read an article 

with the consensus manipulation had significantly higher perceptions of the consensus (i.e., 97% 

of climate scientists who agree) than those in a control condition. Furthermore, the news article 

with consensus information embedded at the end was just as effective as a commonly used overt 

message. However, other effects were less robust. For example, participants in Study 1 had more 

belief in climate change after reading the consensus article compared to a control group, but this 

effect was not found in Studies 2 or 3. In Study 2, the consensus article was particularly effective 

for conservatives (more so than for liberals), but this effect was not found in Studies 1 or 3. 

Overall, the series of studies provides evidence that a news article with consensus information 

can effectively increase people’s perception about the scientific consensus on climate change, 
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but little evidence for the intervention’s ability to influence climate change attitudes like belief or 

support for action.  

 A few results in Chapters 1 and 2 are promising—fracking attitudes can be influenced, 

and news articles are effective for changing perceptions of scientific consensus—but evidence 

for overall intervention effectiveness is lacking in each chapter. Given that many other 

researchers have attempted to influence attitudes through experimental studies, Chapter 3 steps 

away from individual experiments and instead investigates climate change attitudes through 

meta-analysis. The chapter begins with an overview of the various types of interventions that 

have been used for climate change attitudes and a discussion of various moderators. After 

collecting studies through a large literature search, I quantitatively combined experimental 

studies that measured climate change attitudes between experimental conditions and a control 

condition. Overall, interventions had a small but statistically significant effect on attitudes. 

Intervention type was not a significant moderator of effect size, although most categories had too 

few studies to make meaningful comparisons between them. Importantly, attitude type was a 

significant moderator such that interventions were more effective for influencing belief in 

climate change than policy support. This finding suggests that, while policy may be the best way 

to implement large scale solutions to climate change, attitudes towards policy are the most 

resistant to change among climate change attitudes. The chapter concludes with a discussion of 

the overall takeaways, as well as the implications the meta-analysis has for future research on 

climate change attitudes.  

 Taken together, this dissertation presents various examples of ways to influence 

environmental attitudes, finding that these attitudes are generally resistant to change, although 

they can be swayed in certain contexts.  
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CHAPTER 1 

Abstract 

The present research examines the combined role of the message and source of a news article in 

persuading political partisans about an environmental policy. In a series of three experiments, we 

presented participants (Total N = 3,457) with a realistic news article summarizing scientific 

evidence concerning the environmental and economic costs and benefits of hydraulic fracturing 

(fracking). The article’s message was manipulated to support either a conservative (pro-fracking) 

or liberal (anti-fracking) policy and was attributed to either a conservative news source (Fox 

News) or a liberal one (MSNBC). Participants who read pro-fracking articles were generally 

more supportive of fracking than those who read anti-fracking articles, regardless of whether 

articles were from an ideologically friendly or unfriendly source. Consistent with previous 

research, however, participants perceived articles with ideologically unfriendly messages to have 

worse methods than articles with ideologically friendly messages. Finally, liberal participants 

showed some reduction in resistance to ideologically unfriendly messages coming from an 

ideologically friendly source, but conservative participants did not. Implications for politicization 

of environmental policy and future research are discussed.   

Keywords: fracking, motivated reasoning, biased assimilation, environmental attitudes 
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Comparing the Effects of a News Article’s Message and Source on Fracking Attitudes in an 

Experimental Study 

The natural gas extraction method of hydraulic fracturing, or fracking, has been met with 

both scientific and political debate surrounding its costs and benefits. Some research indicates 

that fracking has more greenhouse gas emissions than renewable energy sources, but is cleaner 

than traditional sources like coal (Alvarez et al., 2012), especially when paired with the right 

energy policies (Newell & Raimi, 2014). Other studies reach stronger conclusions, arguing that 

fracking has a bigger negative impact on climate change—specifically through methane 

emissions—than even traditional sources of oil and gas production (Howarth et al., 2011). A 

recent review on fracking research found that the main benefits are economic in nature, while the 

costs tend to be environmental (Sovacool, 2014). Furthermore, the costs of fracking have been 

both potentially underestimated (e.g., Brandt et al., 2014) and inequitable—those receiving the 

benefits of fracking are not always the same ones incurring the costs (Fry et al., 2015).  

Given the scientific debate surrounding the value of fracking, it is a prime topic for 

political polarization. Environmental politics in the U.S. have become politicized over the last 

few decades (e.g., Andrews, 2012; Dunlap et al., 2001; McCright & Dunlap, 2003; McCright & 

Dunlap, 2011; McCright et al., 2014), and fracking is not immune to this ideological divide: a 

2016 poll found that 70% of conservative Republicans supported expanding fracking, while only 

17% of liberal Democrats supported it (Funk & Kennedy, 2016). Although liberals tend to 

oppose fracking and conservatives tend to support it, it seems that the public generally does not 

know much about the issue (e.g., Boudet et al., 2014; Davis & Fisk, 2014). The mixed findings 

of a recent report on fracking (EPA, 2016) led partisans to claim evidence for their policy 

positions: one website stated that “EPA declares no ‘widespread’ harm to drinking water from 
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fracking, boosting industry” (Fox News, 2015), whereas another website used the same evidence 

to claim that, “EPA confirms that fracking poses a risk to drinking water” (Berman, 2015). This 

example shows how political partisans tend to interpret scientific evidence in favor of their pre-

existing beliefs, especially for hotly contested topics like fracking.  

Researchers in various fields have studied people’s attitudes about fracking and the 

political polarization of those attitudes. For example, sociology researchers have examined social 

media coverage of fracking in response to a documentary (Vasi et al., 2015), energy policy 

researchers have investigated the influence of political identity on attitudes towards energy 

(Karlstrøm & Ryghaug, 2014), and researchers in the fields of political science (e.g. Bullock, 

2011; Guisinger & Saunders, 2017), social psychology (e.g., Cohen, 2003; Ehret et al., 2018), 

energy policy (e.g., Christenson et al., 2017; Stokes & Warshaw, 2017), and communication 

(e.g., Bergan, 2012; Bolsen et al., 2019) have all investigated different experimental 

manipulations of environmental information to better understand the causes and outcomes of 

political attitudes.  

The current research builds on these studies by adding to the experimental research on 

environmental attitudes and politics, specifically fracking. Typically, political media sources 

produce message content aligned with their politics. But what happens when source and message 

are crossed, such that a political source produces information that is not aligned with its politics? 

More specifically, would people be more receptive to pro-environmental information if it came 

from an ideologically friendly source (i.e., one that aligns with their politics)? To examine this 

question, we provided participants with an edited news article that summarized a recent study on 

fracking. We manipulated whether the conclusions drawn from the article were anti-fracking or 

pro-fracking as well as whether the article came from a liberal or a conservative media source. 
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Through three studies, we evaluate how people respond to news articles when the typical source-

message link is broken, with a particular focus on whether a pro-environmental message is more 

persuasive to conservative participants when it comes from a conservative rather than a liberal 

news source. Before describing the current set of studies and results, we first review research on 

independent effects of message content and message source of political persuasion. 

Message Content: Motivated Reasoning  

In the political domain, people are often motivated to defend their political identity and 

engage in partisan motivated reasoning, or “directional goals aimed at protecting one’s partisan 

identification” (Bolsen et al., 2014, p. 237). When people process information with directional 

rather than accuracy goals, they tend to become more polarized in defending their pre-existing 

beliefs (Lord et al., 1979; Taber & Lodge, 2006) and find ways to reject information that does 

not fit with their desired conclusions and accept at face value information that does fit (Ditto & 

Lopez, 1992; Ditto et al., 1998). Recent research has examined hot political topics under the lens 

of motivated reasoning, showing that people across the political spectrum are more likely to deny 

a scientific message when it reaches a conclusion that disagrees with their political views than 

one that agrees with them (Ditto et al., 2019; Kraft et al., 2015; McCright et al., 2013; Washburn 

& Skitka, 2018).  

Research on fracking specifically, however, paints a more nuanced picture. Experimental 

studies on fracking attitudes have found little evidence of partisan motivated reasoning: Bayer 

and Ovodenko (2019) found that all partisans were less supportive after reading messages about 

fracking’s costs, while Christenson et al. (2017) found that both Democrats and Republicans 

were no different than a control condition when reading about fracking’s costs or costs plus 

benefits. Finding similar results, Ciuk and Yost (2016) suggested that partisans rely on the 
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information within a message (rather than source) when dealing with a highly salient issue like 

fracking. Perhaps people have less knowledge about fracking than other issues (Boudet et al., 

2014) and this enables them to be responsive to various messages (see Choma et al., 2016 for 

evidence of a nuanced relation between fracking knowledge and polarization). Although the 

mechanism is unclear, these studies suggests that the context of fracking may lead to partisans 

being relatively open to an ideologically unfriendly message.  

Message Source: Partisan Framing 

Numerous experimental studies have manipulated the source of a message and measured 

how it affects people’s perceptions of the message. This research documents a robust effect such 

that people tend to support the identical policy proposal more strongly when it is said to be 

supported by their own political party than by the opposite political party (Cohen, 2003; Ditto et 

al., 2019). This effect has been shown with various environmental policies, including cap-and-

trade, carbon tax, and renewable portfolio standards (Stokes & Warshaw, 2017; Van Boven et 

al., 2018). Mullinix (2016) refers to these source manipulations as a partisan frame, and argues 

that individuals tend to rely on partisan frames when there is more political polarization, when 

the partisan frame is made salient, and when the specific issue at hand is not as important to the 

individual as partisan identity. Furthermore, partisan frames can increase motivated reasoning 

(Petersen et al., 2013) and political polarization (Unsworth & Fielding, 2014). 

Uncoupling Message and Source 

Motivated reasoning research suggests that information consistent with one’s political 

attitudes will be accepted more readily than information inconsistent with those attitudes. 

Partisan framing research suggests that information from a politically friendly source will be 

accepted more readily than information from a politically unfriendly source. Typically, these two 
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effects reinforce one another. People tend to get political information from sources with a 

preferred political slant (Mitchell et al., 2014), and political partisans engage in selective 

exposure to ideologically friendly information (Hart et al., 2009; Iyengar & Hahn, 2009; for 

recent trends, see Rodriguez et al., 2017). This phenomenon has been consistently found in 

online political media and communication (e.g., Adamic & Glance, 2005; Bakshy et al., 2015; 

Barberá et al., 2015).  

But what happens when message and source contrast, such that a message challenging 

your political attitudes comes from a politically friendly source? Orthogonal manipulations of 

message and source break the natural link between ideologically aligned sources and information 

and this misalignment of source and message is a potential way to make politically unfriendly 

information more palatable.  

Research on persuasion, for example, suggests that communicators are perceived as 

particularly credible when they argue against their own self-interest (Eagly et al., 1978). 

Similarly, there is evidence that politicians espousing so-called “maverick” stands (policy 

positions that are opposed by their political party) often evoke more positive evaluations than 

politicians who more closely tow the party line (Ditto & Mastronarde, 2009), perhaps because 

independence and authenticity are generally viewed as desirable personality traits (Peterson & 

Seligman, 2004). This work suggests that messages that challenge an individual’s political views 

might be more readily accepted if they come from a politically friendly media source. For 

example, the editor of the traditionally conservative publication Christianity Today recently 

called for the removal of President Donald Trump in an editorial titled, “Trump Should Be 

Removed from Office” (Galli, 2019). It seems possible that this ideologically unfriendly message 

might be more persuasive to a conservative audience than the identical message coming from a 
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more liberal, more ideologically unfriendly source. Alternatively, it is possible that the 

motivation to reject information that challenges one’s preferred conclusions is strong enough to 

counteract the benefit of a politically friendly source, or that any effects of the source of 

information may be stronger on one side of the political spectrum than the other. 

The present studies examine the combined effects of message and source on the 

persuasive effects of scientific information on fracking. We expect to replicate past findings 

showing that a) people are generally responsive to information about fracking, whether it 

supports or challenges the wisdom of fracking and regardless of media source, but b) people will 

accept scientific information about fracking more when it is consistent with their political views 

than when it is inconsistent with their political views (replicating Lord et al., 1979 and Taber & 

Lodge, 2006). Our key empirical question, however, is whether receiving politically unfriendly 

information about fracking from a politically friendly media source will mitigate resistance to the 

information, and particularly whether this effect might lead political conservatives to be more 

receptive to information challenging the effectiveness of fracking when it comes from a media 

source that is perceived to share their political orientation. 

Study 1 

Method 

Materials 

We found an article online from the California Independent Petroleum Association that 

discussed a recent economic study from Yale University about the benefits of fracking (CIPA, 

nd).2 The article included data from an economic study that emphasized the financial benefits of 

 
2 Although the original source of this article is a proponent of fossil fuels, we chose this article because it presented 

the best source material to edit to be both pro- and anti-fracking. The article presented a cost-benefit analysis that 

relied heavily on numbers (rather than narrative, as in other articles), allowing us to manipulate the numbers and get 

different conclusions with as little editing as possible.  
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fracking and minimized the environmental costs. We created an alternative version of the article 

where the author argues against fracking, citing minimal economic benefits and large 

environmental costs. We manipulated the numbers in the article with little editing of the words, 

resulting in two nearly identical articles with opposite conclusions. We took the look and logos 

of Fox News and MSNBC online articles and paired them with both versions of the fracking 

article. In total, we had four versions: an anti-fracking article presented as coming from either 

Fox News or MSNBC, and a pro-fracking article presented as coming from either Fox News or 

MSNBC (see Figure 1.1). We used Fox News and MSNBC because they are widely understood 

by the U.S. public to be conservative and liberal news outlets, respectively (Mitchell et al., 

2014).  

Participants 

We recruited participants from the website YourMorals.org, a publicly available website 

where participants take surveys about their political attitudes and opinions in return for feedback 

about the studies. We collected data on 1,753 participants from January 2016 to May 2016, and 

from October 2016 to January 2017. We excluded any participants living outside of the U.S., 

resulting in a final sample of 1,278.3 Sample demographics for Study 1 (and all three studies) can 

be found in Table 1.1, including demographics before and after excluding participants as 

outlined below.  

 

 

 

 
3 Because people can enter and leave the website freely, many click on a study to look at it and then leave. For 

example, out of the total 1,753 participants in our dataset, only 1,220 participants answered at least one question on 

the first page of our study. Likewise, out of the 1,278 U.S. participants, only 927 answered at least one question on 

the first page. 
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Figure 1.1 

 Screenshots of the Stimulus Materials 



 

17 

 

Procedure and Measures  

After reading the university approved IRB statement (all three studies part of an ongoing 

IRB for the research lab started in 2007, HS #2007-5740) and consenting to participate, 

participants were taken to the next page where they were shown the article and instructed to read 

it carefully. Afterward, participants answered a few questions about its content, and a number of 

questions evaluating the article, the media, and their attitudes on fracking. At the end of the 

survey, participants were debriefed and informed that the article had been edited. 

To maintain our cover story of evaluating science in the media, we included a range of 

questions designed to make participants believe we were mostly interested in their evaluation of 

the article. All questions asked in the studies can be found in the online supplementary materials 

(see published article listed in the acknowledgements). Here we outline our measures of primary 

interest.  

Participants reported their level of political conservatism at registration for the website on 

a 7-point scale from 1 (Very liberal) to 7 (Very conservative), where the midpoint was 

“Moderate/middle-of-the-road” (three other options were listed: “Don’t know/Not political”; 

“Libertarian”; or “Other”). We grouped participants scoring between 1 and 3 on conservatism as 

liberal participants and those scoring between 5 and 7 as conservative participants. As seen in 

Table 1.1, nearly 75% of the sample was liberal, making it difficult to draw conclusions about 

conservative participants.  

To determine whether participants understood the main purpose of the article, we 

excluded any participants who incorrectly identified the main argument of the article they read (n 

= 55; see the online supplementary materials for exact question wording). All analyses exclude 

individuals who did not respond accurately to the manipulation check. Analyses with the full 
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sample (for all three studies) can be found in the online supplementary materials, but the overall 

pattern of results remained the same. 

We gave participants a statement about the study methods, “The methods used in the 

Yale study were scientifically flawed”. Participants answered on a 5-point Likert scale from 1 

(Strongly agree) to 5 (Strongly disagree). We reverse coded the scores so higher scores indicated 

more agreement that the methods were flawed.  

Finally, we included two questions to assess attitudes about fracking. The first question 

asked, “Which of the following best describes your beliefs about whether fracking should be 

legal in the U.S.?” (Raimi & Leary, 2014). Participants chose one of five responses that 

decreased in support for fracking, from “Fracking should be legal without any restrictions” to 

“Fracking should never be legal”. Because of the non-equivalent distances between response 

options, we analyzed the item as an ordinal variable. We reverse coded the item such that higher 

scores indicated more support for fracking. Our second question on fracking attitudes was a 

general measure of support, “In general, I support fracking in the U.S.” Participants chose 

between three response options: “Yes,” “No,” and “I do not have an opinion on fracking”.  

Statistical Analysis 

 We used the same statistical analyses for all three studies.4 We dummy coded each 

experimental condition with the Fox News anti-fracking article as the reference group. For each 

dependent variable, we conducted a regression with the dependent variable predicted by the set 

of experimental dummy variables for liberal and conservative participants separately. We ran 

linear regressions for continuous outcome variables, ordered logistic regressions for ordinal 

 
4 This way of analyzing the results is different from our Study 3 preregistration and was changed based on reviewer 

suggestions. The online supplementary materials for the published study include the results for Study 3 analyzed as 

specified in preregistration. 
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variables, and logistic regressions for binary variables. To conduct pairwise comparisons 

between experimental conditions, we calculated estimated marginal means using the emmeans 

package (Lenth, 2018) in R and used Tukey-corrected p-values to adjust for inflated Type I error 

across six comparisons.  

Table 1.1 

Sample Demographics from Each Study, Broken Down Before and After Any Exclusions  

 

 Full sample After exclusions 

 n (%) M (SD) n (%) M (SD) 

Study 1     

Age 1,277 37.43 (15.00) 872 37.82 (14.53) 

Female 429 (33.57)  275 (31.54)  

Conservative 131 (13.06)  91 (13.17)  

Moderate 121 (12.06)  82 (11.87)  

Liberal 751 (74.88)  518 (74.96)  

Study 2     

Age 780 21.66 (3.19) 554 21.76 (3.50) 

Female 635 (81.20)  454 (81.51)  

Conservative 82 (12.41)  55 (11.55)  

Moderate 138 (20.88)  97 (20.38)  

Liberal 441 (66.72)  324 (68.07)  

Study 3     

Age 1,003 41.79 (13.36) 869 42.36 (13.46) 

Female 567 (56.59)  496 (57.14)  

Conservative 469 (46.76)  394 (45.34)  

Moderate NA  NA  

Liberal 534 (53.24)  475 (54.66)  

Note. For age, n represents the number of people who reported their age. “Female” is the number 

and percentage of people who identified as female. “Conservative” combines people who 

responded to the ideology scale as “Very conservative”, “Conservative”, or “Slightly 

conservative”. “Moderate” is composed of people who responded to the ideology scale as 

“Moderate/middle-of-the-road”. “Liberal” refers to people who responded to the ideology scale 

as “Very liberal”, “Liberal”, or “Slightly liberal”. In Study 3, we only recruited participants who 

identified as conservatives or liberals. We removed participants who took less than one minute 

(for Studies 2 and 3), who failed a manipulation check, and who were suspicious of the 

experimental manipulation.  
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Results 

Liberal Participants 

Study Quality. As displayed in the overall regression results in Table 1.2, liberal 

participants engaged in partisan motivated reasoning with regard to the fracking message: despite 

each study having the exact same methods, pro-fracking studies were rated as having worse 

methods than anti-fracking studies. Liberals rated the study in both pro-fracking articles 

(MSNBC M = 3.20, Fox News M = 3.41) as having significantly more flawed methods than the 

study in the anti-fracking articles (MSNBC M = 2.74, Fox News M = 2.80):  MSNBC pro-

fracking vs. Fox News anti-fracking (t(513) = 3.81, p < .001, d = 0.48), MSNBC pro-fracking vs. 

MSNBC anti-fracking (t(513) = 4.46, p < .001, d = 0.55), Fox News pro-fracking vs. Fox News 

anti-fracking (t(513) = 5.83, p < .001, d = 0.73), Fox News pro-fracking vs. MSNBC anti-

fracking (t(513) = 6.50, p < .001, d = 0.80).  

 

Table 1.2  

Effect of Experimental Condition on Perceptions of the Scientific Methods Used in the Study 

Reported in the Experimental Text (Study 1) 

 

 Liberals Conservatives 

Intercept 2.80*** 3.25*** 

Fox News pro-fracking 0.61*** -0.20 

MSNBC anti-fracking -0.06 -0.35 

MSNBC pro-fracking 0.40*** -0.55* 

N 517 91 

R2 0.10 0.05 

Adjusted R2 0.10 0.02 

F Statistic 19.28*** 1.55 

Note. Unstandardized regression coefficients are reported. Since the Fox News anti-fracking 

condition is the reference group, the intercept represents the mean of this group and bs represent 

differences between each article condition and the Fox News anti-fracking group. 

*p < .05. **p < .01. ***p < .001. 
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Interestingly, the source manipulation did not mitigate this tendency to derogate the 

quality of ideologically unfriendly information. Even from an ideologically friendly source, 

liberal participants found the study to have worse methods when its results were pro-fracking 

than when they were anti-fracking (see above MSNBC pro vs. anti comparison). Furthermore, 

although liberals found the Fox News pro-fracking study particularly flawed, they did not show 

significant differences in study quality between MSNBC and Fox News articles for pro- (t(513) 

= 2.06, p = .17, d = 0.25) or anti-fracking articles (t(513) = 0.60, p = .93, d = 0.08).  

Fracking Attitudes. Visualized in Figure 1.2, liberal participants generally had low 

levels of support for fracking. However, the ideologically friendly article did show evidence of 

garnering fracking support. Pairwise comparisons between estimated marginal means from the 

ordered logistic model (Table 1.3 for the regression results) confirm the visual pattern: liberals 

who were told the pro-fracking message came from MSNBC reported significantly higher 

support for fracking after receiving the message (Z = 2.75, p = .03, Odds Ratio [OR] = 2.05) than 

liberals who received exactly the same message but believed it came from Fox News. 

Participants in the Fox News pro-fracking article condition reported the second highest level of 

fracking support, although it was not significantly different from either of the anti-fracking 

articles (ps > .24, ORs < 1.63). Liberal participants were more accepting of politically unfriendly 

information when it ostensibly came from an ideologically friendly source. 

Conservative Participants 

Conservative participants’ evaluation of the methods of the study did not differ 

significantly by experimental condition (as displayed in Table 1.2), and there were no significant 

differences between any of the experimental conditions for conservative participants (all ps > 
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.17, |ds| < .64; highest mean: Fox News anti-fracking M = 3.25; lowest mean: MSNBC pro-

fracking M = 2.70).  

 

Figure 1.2 

The Effect of Experimental Condition on Liberal Participants’ Fracking Support in Study 1  

 

 

Note. Articles with an ideologically friendly source, MSNBC, are shown on in dark grey. 

Articles with an ideologically unfriendly source, Fox News, are shown in light grey. Bars 

represent the estimated marginal means calculated from the ordered logistic regression using the 

emmeans package (Lenth, 2018) in R, with the mode specified as the “mean.class” argument. 

Error bars represent 95% confidence intervals. 
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In terms of fracking attitudes (as seen in Figure 1.3 and Table 1.3), conservative 

participants did not show evidence for rejecting ideologically unfriendly articles: they tended to 

have less support for fracking in the anti-fracking article conditions. However, the ideologically 

friendly source was not particularly persuasive, and none of the pairwise comparisons were 

significant between conditions (ps > .26, ORs < 2.39). With only 91 conservatives in the sample, 

it is hard to draw conclusions from the non-significant findings.    

Figure 1.3 

The Effect of Experimental Condition on Conservative Participants’ Fracking Support in Study 1 

  

Note. Articles with an ideologically friendly source, Fox News, are shown on in dark grey. 

Articles with an ideologically unfriendly source, MSNBC, are shown in light grey. Bars 

represent the estimated marginal means calculated from the ordered logistic regression using the 

emmeans package (Lenth, 2018) in R, with the mode specified as the “mean.class” argument. 

Error bars represent 95% confidence intervals. 
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Table 1.3 

 

Effect of Experimental Condition on the Ordinal Measure of Fracking Attitudes (Study 1) 

 
 Liberals Conservatives 

Fox News pro-fracking 0.48 0.38 

MSNBC anti-fracking 0.12 -0.23 

MSNBC pro-fracking 1.20*** 0.65 

N 518 91 

Note. Unstandardized regression coefficients from an ordered logistic regression are reported. 

Since the Fox News anti-fracking condition is the reference group, the bs represent differences 

between each article condition and the Fox News anti-fracking group. The multinomial logistic 

regression results from the trichotomous outcome variable can be found in the online 

supplementary materials (see published article listed in the acknowledgements). 

*p < .05. **p < .01. ***p < .001. 

 

Study 1 Discussion 

 In Study 1, we measured a sample of U.S. adults’ perceptions of pro- or anti-fracking 

articles paired with ideologically friendly or unfriendly sources. For liberal participants, we 

replicated a classic finding in motivated reasoning: pro-fracking studies were perceived to have 

worse scientific methods than anti-fracking studies, despite having the exact same methods. 

Conservative participants did not show significant differences in study quality perceptions by 

experimental condition, although there were fewer than 20 conservative participants in each 

condition. With so few conservatives, we only had the power to detect very large effects (ds > 

.9), far bigger than would be predicted by the literature on partisan bias (e.g., Ditto et al., 2019).  

Whereas conservatives’ fracking attitudes did not significantly differ by experimental condition, 

liberal participants showed more support for fracking after reading pro-fracking articles, 

particularly in the MSNBC pro-fracking article condition. Although disparaging of pro-fracking 

study methods, liberals seemed to be persuaded by an ideologically friendly source (MSNBC) 

presenting ideologically unfriendly information (pro-fracking message).  
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Study 2  

Method 

Participants 

College students (N = 965) were recruited from a subject pool at a large public university 

in the western U.S. We collected data from January 2017 to March 2017. Students took the study 

online and received course credit for completing it. Because we were able to measure the time 

participants spent taking the study (unlike in Study 1; M = 10.10 minutes, SD = 19.57), we 

removed participants who completed the study in fewer than 60 seconds (n = 5). Four 

participants were removed for indicating suspicion that the article was fake or that there were 

multiple versions of the article. As in Study 1, we excluded participants who incorrectly 

identified the main argument of the article (n = 227). 

Measures 

We made two changes to the measures from Study 1. First, we included a continuous 

measure of fracking support. Participants were asked how much they agreed with the statement, 

“Fracking should never be legal”. They gave responses on a sliding scale from 0–100, with four 

anchors across the scale: None at all, A little, A moderate amount, A lot, and A great deal. To be 

consistent with the other two fracking attitudes variables, we reverse coded the item so that 

higher scores indicated more support for fracking. Second, we dropped the last option of the 

trichotomous measure of fracking support and forced participants to choose between “Yes” and 

“No”.  

Results 

Liberal participants 
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Study Quality. Experimental condition predicting study quality was significant for 

liberals (N = 324, R2adj = .07, F(3, 320) = 9.10, p < .001). Similar to Study 1, liberal participants 

rated the study as having worse methods when its results were presented as pro-fracking than 

anti-fracking. Liberals rated the study in both pro-fracking articles (MSNBC M = 3.22, Fox 

News M = 3.25) as having significantly more flawed methods than the study in anti-fracking 

articles (MSNBC M = 2.79, Fox News M = 2.88):  MSNBC pro vs. Fox News anti (t(320) = 

3.03, p = .01, d = 0.49), MSNBC pro vs. MSNBC anti (t(320) = 3.84, p < .001, d = 0.62), Fox 

News pro vs. Fox News anti (t(320) = 3.42, p = .004, d = 0.53), and Fox News pro vs. MSNBC 

anti (t(320) = 4.24, p < .001, d = 0.66). As in Study 1, source did not matter for the liberal 

participants’ perception of the two pro-fracking studies (t(320) = 0.28, p = .99, d = 0.05), nor the 

two anti-fracking ones (t(320) = 0.87, p = .82, d = 0.13). Liberal participants again denigrated the 

quality of pro-fracking studies presented by both Fox News and MSNBC. 

Fracking Attitudes. The regression predicting continuous fracking support was 

significant for liberal participants (N = 320, R2adj = .03, F(3, 316) = 3.88, p = .01). As visualized 

in Figure 1.4, liberal participants’ attitudes were relatively similar across conditions, except for 

those reading ideologically unfriendly information from an ideologically friendly source. 

Liberals reported the highest amount of fracking support in the MSNBC pro-fracking condition 

(M = 58.37), which was marginally significantly more than those in the Fox News pro-fracking 

condition (M = 46.17, t(316) = 2.57, p = .05, d = 0.43), and significantly more than those in both 

the Fox News anti-fracking condition (M = 45.90, t(316) = 2.73, p = .03, d = 0.44), and MSNBC 

anti-fracking condition (M = 44.08, t(316) = 3.14, p = 01, d = 0.51).  

For the ordered logistic regression (visualized in Figure 1.5), liberals in the MSNBC pro-

fracking condition again reported the highest levels of fracking support. However, none of the 
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conditions were significantly different from the reference group (Fox News pro-fracking: b = 

0.01, p = .98, OR = 1.01; MSNBC anti-fracking: b = -0.036, p = .90, OR = 0.96; and MSNBC 

pro-fracking: b = 0.61, p = .06, OR = 1.85), and none of the pairwise comparisons with Tukey-

corrected p-values were significant (ps > .18, ORs < 1.91). Although the pattern persisted, with 

MSNBC pro-fracking articles engendering the highest levels of fracking support, liberal 

participants’ attitudes were not significantly different between conditions. 

 

Figure 1.4 

The Effect of Experimental Condition on Liberal Participants’ Fracking Support in Study 2

 

Note. Articles with an ideologically friendly source, MSNBC, are shown on in dark grey. 

Articles with an ideologically unfriendly source, Fox News, are shown in light grey. Error bars 

represent 95% confidence intervals around the means. 
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Liberals showed the highest amount of dichotomous fracking support in the MSNBC pro-

fracking condition (26.09%), second highest in the Fox News pro-fracking condition (23.68%), 

third highest in the MSNBC anti-fracking condition (11.24%), and lowest in the Fox News anti-

fracking condition (11.11%). Logistic regression results partially supported these descriptive 

findings that liberal participants tended to accept information from both ideologically friendly 

and unfriendly sources. They reported significantly more fracking support in the pro-fracking 

conditions compared to the reference group of Fox News anti-fracking, (Fox News pro-fracking: 

b = 0.91, p = .03, OR = 2.48; MSNBC pro-fracking: b = 1.04, p = .02, OR = 2.82). However, the 

differences were only marginally significant when looking at pairwise comparisons with Tukey-

corrected p-values (Fox News pro-fracking: p = .15; MSNBC pro-fracking: p = .08). None of the 

other pairwise comparisons were significantly different (ps > .08, ORs < 2.79).  

 

Figure 1.5 

The Effect of Experimental Condition on Liberal Participants’ Fracking Support in Study 2 
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Note. Articles with an ideologically friendly source, MSNBC, are shown on in dark grey. 

Articles with an ideologically unfriendly source, Fox News, are shown in light grey. Bars 

represent the estimated marginal means calculated from the ordered logistic regression using the 

emmeans package (Lenth, 2018) in R, with the mode specified as the “mean.class” argument. 

Error bars represent 95% confidence intervals. 

 

Conservative Participants 

As in Study 1, the regression predicting study quality was non-significant for 

conservatives (N = 55, R2adj = -.03, F(3, 51) = 0.45, p = .72). Furthermore, none of the pairwise 

comparisons between experimental conditions were significant for conservative participants (ps 

> .76, |ds| < 0.36; highest mean: Fox News pro-fracking and MSNBC anti-fracking Ms = 3.00; 

lowest mean: Fox News anti-fracking M = 2.71).  

Conservative participants also reported nearly equal levels of continuous fracking support 

in all four conditions (highest mean: MSNBC anti-fracking M = 58.69; lowest mean: Fox News 

pro-fracking M = 55.77), and the regression was not statistically significant (N = 54, R2adj = -.06, 

F(3, 50) = 0.04, p = .99). For the ordinal measure of fracking support, there were no significant 

unstandardized regression coefficients (ps > .53, ORs < 1.61) nor did participants’ attitudes differ 

between condition (ps > .70, ORs < 2.28). For the dichotomous measure, there were not any 

significant unstandardized regression coefficients from the model (ps > .17, ORs < 3.15) nor any 

significant pairwise comparisons between conditions (ps > .10, ORs < 7.58; 7 out of 11 

conservatives supported fracking in the MSNBC pro-fracking condition, and 3 out of 16 in the 

anti-fracking condition). However, given that three of the four experimental conditions contained 
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fewer than 15 conservative participants, it is not surprising to see non-significant and highly 

variable effects within conservatives. 

Study 2 Discussion 

 A college student sample in Study 2 mostly replicated the results of Study 1, with a few 

differences. As in Study 1, liberal participants rated studies in pro-fracking articles as having 

worse methods than those in anti-fracking articles, regardless of source. Additionally, liberal 

participants showed the most support for fracking when a pro-fracking message was presented 

by an ideologically friendly source. However, results varied by dependent variable: the 

continuous variable results showed that MSNBC pro-fracking was a uniquely persuasive 

condition; the dichotomous results suggested that both pro-fracking conditions were persuasive; 

and the ordinal variable did not have any significant results by condition. For the few 

conservative participants in the study, none of the dependent variables had any significant 

differences by condition.  

Study 3 

Because Study 1 and Study 2 had so few conservatives, we aimed to have a politically 

balanced sample for Study 3. 

Method 

Participants 

In May 2018, participants were recruited from Amazon’s Mechanical Turk (MTurk) and 

paid $0.75 to take the online study (preregistered on the website aspredicted.org). We recruited 

1,214 participants total, although only a subset actually answered any questions since some 

participants click on the link but decide not to take the study (for example, only 1,029 

participants answered a question on the first page). To obtain a more ideologically balanced 
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sample, we recruited participants in two separate batches to obtain roughly equal numbers of 

participants who identified as liberal (scoring between 1 and 3 on a 6-point scale of 

conservatism) or conservative (scoring between 4 and 6). On average, participants took around 

eight minutes to complete the study (M = 8.41 minutes, SD = 9.90).  

Following our preregistration procedure, we removed participants who completed the 

study in fewer than 60 seconds (n = 57) or who failed an attention check (n = 14). Twelve 

participants were removed for indicating suspicion that the article was fake or that there were 

multiple versions of the article. We also excluded any participants who incorrectly identified the 

main argument of the article they read (n = 119). 

Measures 

We used the same measures as in Study 2, but added another measure of study quality to 

directly replicate the question asked in Lord et al., (1979): “How well or poorly was the Yale 

study conducted?” Participants responded on a -8 (Very poorly done) to 8 (Very well done) 

sliding scale. We reverse coded the item so that positive scores indicated poor methods and 

negative scores indicated good methods. 

Results 

Liberal participants 

Study Quality. Table 1.4 shows the linear regression results of both study quality 

dependent variables side by side. As in Studies 1 and 2, liberal participants found pro-fracking 

studies to have worse methods than anti-fracking studies for both sources. Both pro-fracking 

studies’ methods were rated as significantly more flawed (ps < .001, ds > 0.64) and poor (ps < 

.001, ds > 0.73) than either of the studies in anti-fracking articles. Although liberals found the 

study in the Fox News pro-fracking article to have the most flawed (M = 3.07) and poor (M = -
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0.21) methods of all the conditions, its methods were non-significantly more flawed than the 

MSNBC pro-fracking condition (M = 2.88, t(471) = 1.71, p = .32, d = 0.22) and marginally 

significantly more poor (M = -1.33, t(471) = 2.58, p = .05, d = 0.33). While source may have 

played a small role in liberal participants’ evaluation of methods, fracking message was the main 

driver of perceptions of study quality—even from an ideologically friendly source. 

 

Table 1.4 

Effect of experimental condition on perceptions of the scientific methods (Study 3) 
 Flawed methods Poor methods 
 Liberals Conservatives Liberals Conservatives 

Intercept 2.31*** 2.76*** -3.79*** -2.33*** 

Fox News pro-fracking 0.76*** -0.31* 3.58*** -0.86 

MSNBC anti-fracking 0.01 -0.07 -0.14 0.28 

MSNBC pro-fracking 0.57*** -0.18 2.46*** -0.58 

N 475 394 475 394 

R2 0.13 0.02 0.19 0.02 

Adjusted R2 0.13 0.01 0.18 0.01 

F  24.13*** 2.08 35.69*** 2.13 

Note. Unstandardized regression coefficients are reported. Since the Fox News anti-fracking 

condition is the reference group, the intercept represents the mean of this group and bs represent 

differences between each article condition and the Fox News anti-fracking group. 

*p < .05. **p < .01. ***p < .001. 

 

Fracking Attitudes. Table 1.5 displays the results for the continuous and dichotomous 

measures of fracking attitudes. As visualized in Figure 1.6, liberals’ fracking support was higher 

for those reading pro-fracking articles than those reading anti-fracking articles. They reported 

more continuous fracking support in each pro-fracking condition compared to each anti-fracking 

condition (ts > 4, ps < .001, ds > 0.53), but non-significantly different levels of support between 

the two anti-fracking article conditions (t(471) = -0.42, p = .98, d = -0.05) and pro-fracking 

article conditions (t(471) = 0.18, p = .998, d = 0.02). While fracking message influenced liberals’ 
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attitudes, there was no evidence that the ideologically friendly articles were particularly 

persuasive.  

 

Figure 1.6 

The Effect of Experimental Condition on Liberal Participants’ Fracking Support in Study 3

 

Note. Articles with an ideologically friendly source, MSNBC, are shown on in dark grey. 

Articles with an ideologically unfriendly source, Fox News, are shown in light grey. Error bars 

represent 95% confidence intervals around the means 

 

Pairwise comparisons between experimental conditions for the ordinal measure of 

fracking support showed the same pattern: liberals had more support for fracking after reading 

pro-fracking articles than anti-fracking articles. Both pro-fracking articles induced higher levels 

of fracking support than the Fox News anti-fracking article (vs. MSNBC pro: Z = 3.67, p = .001, 

OR = 2.59; vs. Fox News pro: Z = 3.38, p = .004, OR = 2.39) and the MSNBC anti-fracking 
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article (vs. MSNBC pro: Z = 3.69, p = .001, OR = 2.56; vs. Fox News pro: Z = 3.41, p = .004, 

OR = 2.37). For pro-fracking articles (Z = -0.30, p = .99, OR = 0.92) and anti-fracking articles (Z 

= -0.04, p > .99, OR = 0.99), fracking support did not significantly vary by source.  

When asked if they support fracking, liberals were much more likely to say “Yes” in the 

pro-fracking conditions (MSNBC: 45.38%; Fox News: 38.84%) than in the anti-fracking 

conditions (MSNBC: 16.39%; Fox News: 15.93%). This stark difference is confirmed 

statistically by a logistic regression predicting support for fracking (Table 1.5). Additionally, the 

ideologically friendly source, MSNBC, induced the highest amount of fracking support after a 

pro-fracking message, although it was not significantly different from the Fox News pro-fracking 

condition (Z = 1.02, p = .74, OR = 1.31).  

Conservative Participants  

Study Quality. Surprisingly, conservative participants did not display robust partisan 

bias: as seen in Table 1.4, experimental condition did not have a significant impact on 

conservative participants’ perceptions of the methods of the study, and none of the experimental 

conditions were significantly different from each other after adjusting p-values for multiple 

comparisons (ps > .08, |ds| < 0.34). However, there was still a pattern suggestive of biased 

assimilation where anti-fracking studies were seen as having worse methods than pro-fracking 

studies for both the flawed methods (Anti-fracking: M = 2.72; Pro-fracking: M = 2.51) and poor 

methods dependent variables (Anti-fracking: M = -2.19; Pro-fracking: M = -3.06). With the large 

sample of conservative participants, there was only weak evidence (small effect size and 

marginally significant) that they disparaged study quality in a motivated fashion.   

 

Table 1.5 
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Effect of Experimental Condition on Fracking Attitudes (Study 3) 

 Continuous fracking support Dichotomous fracking support 

 Liberals Conservatives Liberals Conservatives 

Intercept 37.07*** 65.48*** -1.66*** 0.14 

Fox News pro-fracking 19.64*** 12.72** 1.21*** 1.32*** 

MSNBC anti-fracking 1.75 3.88 0.03 0.23 

MSNBC pro-fracking 18.91*** 16.70*** 1.48*** 1.33*** 

N 475 394 475 394 

R2 0.08 0.05   

Adjusted R2 0.07 0.04   

F  13.08*** 6.30***   

Note. Unstandardized regression coefficients are reported. Since the Fox News anti-fracking 

condition is the reference group, the intercept represents the mean of this group (continuous) or 

the log odds of those in this group to respond “Yes” (dichotomous), and bs represent differences 

between each article condition and the Fox News anti-fracking group. 

*p < .05. **p < .01. ***p < .001. 

 

 Fracking Attitudes. Similar to liberal participants, conservatives were influenced by the 

message of the fracking articles across both sources. As seen in Figure 1.7, and displayed in 

Table 1.5, conservative participants’ continuous fracking support increased in the pro-fracking 

article conditions compared to anti-fracking conditions. Additionally, conservatives reported 

their lowest levels of fracking support in the Fox News anti-fracking condition, which was 

significantly lower than either of the two pro-fracking conditions (ts < -2.9, ps <  .02, ds < -0.42). 

Although conservatives were less supportive of fracking in the MSNBC anti-fracking condition 

than the MSNBC pro-fracking condition (t(390) = -2.99, p = .02, d = -0.43), they had non-

significantly different levels of fracking support in the MSNBC anti-fracking condition and the 

Fox News pro-fracking condition (t(390) = -2.09, p = .16, d = -0.29). Lastly, they did not have 

significantly different levels of support between the two anti-fracking article conditions (t(390) = 

-0.92, p = .79, d = -0.13) and pro-fracking article conditions (t(390) = -0.90, p = .80, d = -0.13).  
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 Pairwise comparisons between experimental conditions for the ordinal measure of 

fracking support showed that conservatives had the least amount of support for fracking in the 

anti-fracking article conditions. Conservatives who read the Fox News anti-fracking article had 

significantly less fracking support than those who read either pro-fracking article (vs. Fox News: 

Z = -3.72, p = .001, OR = 0.38; vs. MSNBC: Z = -4.33, p < .001, OR = 0.32). However, this 

message effect was not unique to the ideologically friendly Fox News: conservatives who read 

the MSNBC anti-fracking article also had significantly less fracking support than those who read 

either pro-fracking article (Fox News: Z = -4.24, p < .001, OR = 0.34; MSNBC: Z = -4.87, p < 

.001, OR = 0.29). The two pro-fracking (Z = -0.66, p = .91, OR = 0.84) and anti-fracking (Z = 

0.41, p = .98, OR = 1.11) articles were non-significantly different from each other. 

 Additionally, both ideologically friendly and unfriendly sources were effective at 

promoting anti-fracking messages for the dichotomous measure of support (Table 1.5): while 

over 80% of conservatives were supportive of fracking after reading a pro-fracking article (Fox 

News: 81.25%; MSNBC: 81.32%), fewer than 60% were supportive after reading an anti-

fracking article (Fox News: 53.54%; MSNBC: 59.26%). Pairwise comparisons confirmed that 

each anti-fracking article induced significantly less fracking support than each pro-fracking 

article (Zs < -3.29, ps < .006, ORs < 0.34). Although conservatives had the least amount of 

fracking support after reading the Fox News anti-fracking article, support was non-significantly 

different than support in the MSNBC anti-fracking condition (Z = -0.83 p = .84, OR = 0.79), 

suggesting that the ideologically friendly source was not distinctly persuasive.  

Figure 1.7 
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The Effect of Experimental Condition on Conservative Participants’ Fracking Support in Study 3

 

Note. Articles with an ideologically friendly source, Fox News, are shown on in dark grey. 

Articles with an ideologically unfriendly source, MSNBC, are shown in light grey. Error bars 

represent 95% confidence intervals around the means. 

Study 3 Discussion 

 Similar to in Studies 1 and 2, liberal participants in Study 3 showed evidence of partisan 

bias: they evaluated methodologically identical studies as more flawed when the conclusion was 

inconsistent with their political identity. There was no evidence of an ideologically friendly 

source attenuating this effect, as Fox News and MSNBC articles with the same message were 

assessed similarly. Despite finding pro-fracking studies more flawed, liberal participants reported 

more support for fracking after reading pro-fracking articles than anti-fracking articles. Although 

liberals tended to have the highest support for fracking after reading a pro-fracking message from 

MSNBC, the differences between it and the Fox News pro-fracking article were not significantly 

different for any of the dependent variables.  
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 Unlike in Studies 1 and 2, in Study 3 we were able to recruit an equal number of liberal 

and conservative participants. Surprisingly, conservative participants did not show overall 

significant differences between experimental conditions when evaluating study quality. 

However, even though the differences were not statistically significant, they were in the opposite 

direction than the pattern shown by liberal participants: conservatives tended to rate the anti-

fracking studies as having worse methods than the pro-fracking studies. In terms of fracking 

attitudes, conservatives were less supportive of fracking in the anti-fracking conditions than in 

the pro-fracking conditions. Although the anti-fracking message from the ideologically friendly 

source tended to induce the least amount of support for fracking, we did not find statistically 

significant differences by source. No matter the source, both liberal and conservative 

participants’ attitudes tracked the message of the article they read.   

General Discussion 

 Three studies using three separate samples (visitors to the YourMorals.org website, 

college students, and MTurk workers) were conducted to investigate the effect of a media article 

on fracking attitudes—specifically, articles where a liberal or conservative media source was 

paired with an anti- or pro-fracking message. We found consistent evidence for partisan bias 

among liberal participants: they rated pro-fracking messages as having worse methods than anti-

fracking messages, despite both articles detailing identical methods. We speculated that 

ideologically unfriendly messages might be more palatable coming from an ideologically 

friendly source (i.e., MSNBC pro-fracking article), but we found only limited evidence to 

support this. Liberals generally had the highest amount of fracking support in the MSNBC pro-

fracking article conditions, but there was only partial statistical evidence in Studies 1 and 2 and 
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no statistically significant differences in Study 3. Overall, liberal participants were more 

supportive of fracking after reading pro-fracking articles than anti-fracking articles.  

With only a few conservative participants in Studies 1 and 2, we did not find any statistically 

significant differences between experimental condition. For conservative participants in Study 3 

(when there was an adequate sample size), anti-fracking studies were generally perceived to have 

worse scientific methods than pro-fracking studies, although the pairwise comparisons were not 

statistically significant. For fracking attitudes, conservatives generally tracked the message of the 

article no matter the source: they were less supportive of fracking after reading anti-fracking 

messages than pro-fracking messages. Although they tended to have the least amount of fracking 

support in the Fox News anti-fracking condition, there was no statistical evidence to establish 

that this ideologically friendly source was particularly persuasive. Nonetheless, the results are 

promising to the extent that—in the right setting—people are receptive to scientific information 

about environmental topics.  

These studies also add to previous research by including both benefits and costs in one 

message. Similar studies found that including both benefits and costs of fracking in one message 

neutralized the effect of the message (Bayer & Ovodenko, 2019; Christensen et al., 2017). 

However, even after including costs and benefits in one message, we found that participants were 

less supportive of fracking after reading anti-fracking articles and more supportive after reading 

pro-fracking articles. This finding suggests that it is not the mere inclusion of costs that 

neutralize the effects of a benefits-only fracking message, but rather the presentation of a 

balanced message (i.e., costs and benefits are equal). Moreover, the fracking message was 

presented by a partisan media source. Whereas most partisan framing manipulations use a group 

endorsement (e.g., “Democrats/Republicans support this policy”), the current study embeds a 
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scientific study into a news article from a partisan source, mirroring how people tend to read 

about scientific studies in their everyday lives. 

One surprising finding in this set of studies is that, while denigrating the methods of 

politically unfriendly messages, partisans treated Fox News and MSNBC similarly when 

evaluating the methods of the fracking study. This may be due to the nature of the news articles: 

participants read about a scientific study from researchers at Yale which was discussed by a 

partisan news source. The author of the article simply detailed the results and conclusions of the 

Yale researchers. Perhaps, when evaluating the methods of the study, participants were attuned 

to the distinction between message and messenger—although participants may perceive the 

source to be biased, they might have recognized that it was simply relaying the results of a study.  

Limitations 

Because we recruited participants for studies on “Understanding science in the media”, 

participants who signed up may have been particularly interested in science or curious about 

evaluating science. In Studies 2 and 3, the participants who signed up received course credit or 

were paid. Our participants may have been specifically motivated to pay attention to the article 

and take it more seriously than they otherwise would have. Along with motivation to pay 

attention, other unmeasured confounding variables may also have been at play. While the focus 

of this study was on news article message and source—and the experimental design was meant 

to balance confounding variables across conditions—there are many factors involved in 

determining fracking attitudes, like geography or income. Future research might explore the 

moderating role that background variables have in determining attitudes, such as how individuals 

living nearby fracking sites are affected by news message or source differently than those living 

elsewhere.  
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 Another limitation of this study is inherent in the design: we used a between-participant 

post-test only design, where we only measured participants’ attitudes after reading the article. 

We designed it this way because we feared that participants would be more likely to suspect that 

the article was edited if we had asked them political attitudes beforehand. We attempted to hide 

the fact that the articles were fake by not bringing up anything political before they read the 

article. However, we were not able to compare pre-test scores to post-test scores, and therefore 

could only evaluate post-test attitudes rather than attitude change directly. In doing so, we 

assumed that anti-fracking articles were attitude-consistent for liberals and pro-fracking articles 

for conservatives. Although opinion polls show that fracking is split along partisan lines (Funk & 

Kennedy, 2016), not every liberal is anti-fracking and every conservative pro-fracking. Future 

studies should investigate this paradigm measuring attitudes both pre- and post-test.  

 Lastly, the source manipulation may have been potentially too subtle. We did not include 

a direct manipulation check of source (e.g., “What source was the article you read from?”) 

because of concerns that participants would suspect the article was fake or edited. Our biggest 

worry in designing the study was this suspicion, and therefore we avoided questions that might 

tip participants off that there were other conditions with other sources. However, not including a 

manipulation check of source removed our ability to check if participants were aware of the 

source of the article. While we speculate that most participants did see the source—especially 

because the articles were typical of real news articles—we cannot rule out the possibility that the 

source manipulation was too weak. This could have led to the non-significant source effects for 

both study quality and fracking attitudes. 

Future Research 
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The current studies demonstrated that participants relied on the message of a media 

article in summarizing science, at least in a research setting and for the issue of fracking. Future 

research should expand on the generalizability of this finding by investigating different issues. 

For example, would partisans accept climate change information from both ideologically friendly 

and unfriendly sources? Climate change articles in the media may be perceived differently than 

fracking articles in the media. The source manipulation may also be specific to the type of media 

we presented. Perhaps a popular evangelical preacher would have more influence discussing 

climate change than a news network. Some researchers suggest that this situation could be the 

solution to fractured support of renewable energy: In discussing the results of their study which 

showed strong political division on fracking attitudes, Choma et al. (2016) argue that increasing 

Republican acceptance of renewable energy “…will probably require a leading Republican 

politician – as were Nixon and Roosevelt – to take a stand” (p. 115). This cross between message 

and source is filled with opportunity for explorations of various situational effects. Given the 

current level of political polarization, it is important to continue studying how environmental 

science is perceived by the public, especially within a partisan media environment. Researchers 

should continue to identify interventions that break through political polarization to promote 

greater recognition of threats to the environment. 
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CHAPTER 2 

Abstract 

One promising method of climate change communication involves highlighting the 97% 

scientific consensus on anthropogenic climate change. Multiple experimental studies have shown 

that reading a short statement about the scientific consensus can increase people’s perceptions of 

the consensus, and consequently improve other climate attitudes. The current study adds to this 

literature by investigating how participants respond to a consensus statement embedded within a 

news article. Across three online experimental studies (Total N = 2,786), participants were 

randomly assigned to read a news article about climate change or a control condition where they 

answered dependent variables before reading an article. For one of the news articles, a statement 

containing information about the 97% consensus was embedded at the end. Across all three 

studies, participants in consensus conditions had increased perceptions of the scientific 

consensus compared to those who read articles without consensus information or those in the 

control group. Furthermore, the news article was just as effective as an overt consensus 

statement. Effects on other climate change attitudes (e.g., belief, risk) were generally limited, 

although they varied across sample. Lastly, there was no evidence for a backfire effect among 

conservative participants. The findings and limitations are situated in context with similar 

research, and implications for climate change communications are explored.   
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Using a News Article to Convey Climate Science Consensus Information 

Global climate change presents a wide array of risks to both human society and 

ecological systems. Importantly, a current scientific report suggests that, despite the documented 

warming that has already occurred, there is still time to curb greenhouse gas emissions and 

stabilize global temperature increases to 1.5º C above pre-industrial levels (IPCC, 2018). 

Achieving this goal will require governments around the world to reduce emissions in their 

countries, and public support of these emissions curbing policies will be vital. In the U.S., 

however, climate change has become a politically polarized topic, a trend that appears to be 

unique to the American public (Hornsey et al., 2018). For example, a recent poll shows that 84% 

of liberal Democrats and only 14% of conservative Republicans stated that human activity 

contributes a great deal to climate change (Funk & Hefferon, 2019). More strikingly, 78% of 

Democrats believe that climate change should be a top priority for the president and congress, 

but only 21% of Republicans agree, making it one of the most polarized topics from a recent poll 

(Pew, 2020).  

To increase overall public support for addressing climate change, various social science 

researchers have conducted experimental studies to influence engagement with and belief in 

climate change. One prominent approach involves communicating the scientific consensus, 

whereby researchers inform participants that 97% of climate scientists agree that human-caused 

global warming is happening. Known as the Gateway Belief Model (GBM), this theory predicts 

that being exposed to a consensus message increases perceived scientific consensus, which leads 

to an increase in beliefs about climate change and subsequently produces higher levels of support 

for action on climate change (van der Linden et al., 2015). Originating from correlational studies 

(Ding et al., 2011; McCright et al., 2013), the model has sparked abundant experimental work on 
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consensus messaging (e.g., Brewer & McKnight, 2017; Deryugina & Shurchkov, 2016; Dixon et 

al., 2017; Goldberg, van der Linden, Ballew, Rosenthal, & Leiserowitz, 2019; van der Linden, 

Leiserowitz, et al., 2019) as well as numerous debates on the topic (Dixon et al., 2019; Kahan, 

2017; Kerr & Wilson, 2018; Ma et al., 2019; van der Linden et al., 2017, 2018; van der Linden, 

Maibach, et al., 2019). Although most studies provide support for the GBM (see Cook, 2019 for 

an overview), some work casts doubt on the model and consensus messaging overall (Kahan, 

2017; Kerr & Wilson, 2018; Ma et al., 2019). Nevertheless, there continues to be abundant 

research on the model. 

Many of the studies using consensus messages to convey climate science agreement 

provide participants with a single statement. Furthermore, all of these experimental studies 

highlight scientific consensus as the central part of their experimental manipulation—directly 

focusing on it. While this increases internal validity by isolating consensus information, it also 

limits ecological validity. Perhaps a social media post or a short TV ad could focus solely on 

scientific consensus information, but many people will be exposed to consensus information in 

more subtle or casual ways. For example, if a news article is about an environmental story, is it 

effective for the article to mention the scientific consensus? Or is consensus messaging only 

effective if it is the focal point of a message? The current set of studies adds to the research on 

consensus messaging by examining a potential boundary condition. Across three samples, we 

test if embedding consensus information to the end of an environmental article is an effective 

way of communicating the consensus. 

Literature Review 

The Gateway Belief Model 
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 A two-step theoretical model, the GBM posits that increases in consensus beliefs (pre-

post) predict increases in beliefs about climate change (belief in global warming, belief in 

anthropogenic global warming, worry about global warming) which predict support for public 

action on global warming (van der Linden et al., 2015). Given that the scientific evidence for 

climate change is complex, most people do not directly examine the evidence themselves. 

Rather, people use agreement among scientists as an indicator of the strength of the evidence for 

climate change which in turn informs their beliefs about climate change, further leading to worry 

and policy support (Lewandowsky et al., 2013; van der Linden et al., 2015). Studies that use a 

pre-post design provide direct support for the theory (Goldberg, van der Linden, Ballew, 

Rosenthal, & Leiserowitz, 2019; Goldberg, van der Linden, Ballew, Rosenthal, Gustafson, et al., 

2019; van der Linden, Leiserowitz, et al., 2019; van der Linden et al., 2014). Other experimental 

studies, using fully between-groups designs, indirectly support the theory by showing that 

participants have higher perceptions of the scientific consensus on climate change after receiving 

a consensus message than participants in a control group (Bolsen & Druckman, 2018; Brewer & 

McKnight, 2017; Cook et al., 2017; Cook & Lewandowsky, 2016; Myers et al., 2015). Although 

one study suggests that introducing uncertainty into a consensus message undermines its 

effectiveness (Bolsen & Druckman, 2018), another study found that a consensus message was 

effective even in the face of misinformation (Cook et al., 2017). Despite the variation in study 

designs, the experimental component of the GBM—that consensus messages increase perceived 

consensus—is well-supported. 

 The effectiveness of the GBM on other climate change attitudes, however, is less clear. 

While some between-groups studies find that participants who read a consensus message have 

more belief in global warming and support for action (Bolsen et al., 2014; Bolsen & Druckman, 
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2018; Brewer & McKnight, 2017; Cook & Lewandowsky, 2016; Deryugina & Shurchkov, 

2016), other experiments (or other dependent variables within the same studies) do not show that 

the consensus message is effective for downstream climate change beliefs 

(Bolsen et al., 2014; Cook et al., 2017; Dixon et al., 2017; Kahan, 2017). Kerr and Wilson (2018) 

used a longitudinal design to test the effect of perceived consensus on later climate change 

beliefs but did not find a significant effect; however, van der Linden et al. (2018) found a 

significant effect using the same design in a different sample. Interestingly, most studies that use 

a pre-post design find support for the GBM, including the downstream effects of perceived 

consensus on climate change beliefs and support for action (Goldberg, van der Linden, Ballew, 

Rosenthal, & Leiserowitz, 2019; Goldberg, van der Linden, Ballew, Rosenthal, Gustafson, et al., 

2019; van der Linden, Leiserowitz, et al., 2019; van der Linden et al., 2014). 

Ways of Communicating the Consensus 

 Despite the plethora of research on consensus messaging, most studies use a single phrase 

like, “97% of climate scientists have concluded that human-caused climate change is happening” 

(van der Linden et al., 2014, p. 257). Myers et al. (2015) tested the effectiveness of variations of 

this phrase by manipulating the exact number used, finding that wording using “97” was more 

effective than saying “9 out of 10” or “Overwhelming majority” of climate scientists. Similarly, 

Deryugina and Shurchkov (2016) demonstrated that participants were sensitive to consensus 

conveyed with specific numbers rather than just being generally described: participants were 

influenced by the “hard info” of specific numbers but not the general description of consensus. 

Examining a variety of different textual and visual approaches to conveying consensus 

information, van der Linden et al. (2014) provide evidence that the simple text or a pie chart are 

the most effective ways of relaying this information. 



 

56 

 

 Other studies take a more creative approach in how they present the consensus. For 

example, Harris et al. (2019) suggest that consensus is best communicated if participants 

experience it, such as viewing silhouettes of ten scientists with nine agreeing scientists shaded in 

green and one dissenting scientist in red. Brewer and McKnight (2017) utilize a late-night talk 

show video clip where the host discusses the scientific consensus, finding that the clip was 

effective in influencing participants’ climate change beliefs. Additionally, although not explicitly 

investigating the GBM or consensus messaging, Skurka et al. (2019) presented participants with 

a late-night comedy show clip where the host discussed the science of climate change and the 

scientific consensus, and found that overall the video had a small but significant positive effect 

on various climate change beliefs. Testing a consensus medium more formally, Goldberg, van 

der Linden, Ballew, Rosenthal, Gustafson, et al. (2019) gave participants a video explaining the 

scientific consensus or a transcript of the video. While both experimental conditions increased 

participants’ perceived consensus relative to a control, the video was especially convincing and 

was more effective than the transcript alone.  

 All of these methods of communicating the consensus feature it prominently and nearly 

all solely focus on the scientific consensus. The video used in Skurka et al. (2019) is not focused 

only on consensus information, but it does center on climate science. Myers et al. (2015) inserted 

an ad about consensus within a larger news page, but the ad was very prominent within the page. 

The current ways of communicating consensus information led us to our first research question:  

RQ1: Is scientific consensus information still effective if it is simply embedded within a 

longer message? 

To answer this question, we added a consensus message to the end of a news article about a 

recent study on climate change. Despite the variety of methods that researchers have used to 
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communicate consensus messages, online news articles as a medium are noticeably missing. One 

previous study on consensus messaging used news articles as its medium, but the articles were 

centered on the consensus information and none of the topics involved climate change (Chinn et 

al., 2018). Another study relied on news articles to frame uncertainty in various ways, although 

the news article discussing consensus was focused on scientific disagreement and debate 

(Gustafson & Rice, 2019). Online news articles are common ways for people to quickly receive 

news (Wilkins et al., 2018), presenting an opportunity for communicating the consensus. On one 

hand, it seems that consensus messaging is effective across a range of mediums, and thus will be 

effective for news articles. However, there is some evidence that responses are sensitive to the 

way consensus messages are portrayed (e.g., Deryugina & Shurchkov, 2016; Myers et al., 2015). 

The current study tests the limits of consensus messaging effectiveness by adding a consensus 

message to the end of a news article. 

Politically Driven Responses to Consensus Messaging 

 Many studies using consensus messaging also investigate its interactions with political 

ideology. Examining the direct link between treatment and belief in consensus, some 

experiments find that conservative participants display stronger treatment effects than liberal 

participants (Goldberg, van der Linden, Ballew, Rosenthal, & Leiserowitz, 2019; van der Linden, 

Leiserowitz, et al., 2019; van der Linden et al., 2015). One reason may be that conservatives’ 

climate change beliefs are less stable and therefore more susceptible to influence (Jenkins-Smith 

et al., 2020). Or, perhaps, conservatives begin with low estimates of the consensus and thus have 

more room to move upwards while liberals exhibit a ceiling effect. Substantiating this 

possibility, Zhang et al. (2018) demonstrated that people in geographic regions with the lowest 

levels of pre-treatment consensus estimates displayed the largest increases after exposure to a 
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consensus message. Despite these few examples of an interaction effect, other studies show no 

interaction between political ideology and consensus messaging on perceptions of consensus 

(Brewer & McKnight, 2017; Cook et al., 2017; Myers et al., 2015).  

 On the other hand, a few studies find an interaction in the opposite direction: a backfire 

effect, where consensus messages provoke less belief in climate change for conservative 

participants. In particular, Cook and Lewandowsky (2016) found that a consensus message 

increased political polarization, where free market supporters reported less belief in climate 

change after the message than those in a control condition. Ma et al. (2019) demonstrated that 

consensus messages led to increased psychological reactance for Republican and Independent 

climate skeptics, which in turn was associated with less belief in climate change (also see: Dixon 

et al., 2019; van der Linden, Maibach, et al., 2019). Finally, Kahan et al. (2011) showed that 

conservative minded individuals saw climate scientists as having less expertise if they discussed 

the consensus.  

The potentially complex relation between politics and consensus messaging led to our 

second research question: 

RQ2: Will politics moderate the relation between consensus messaging and perceived 

consensus or climate change beliefs? 

Based on previous studies, we would expect either a) no moderation between politics and 

message for perceived consensus, or b) moderation between politics and message for perceived 

consensus, such that conservatives show higher treatment effects than liberals. However, the 

current study tests consensus messaging differently than previous research. If a consensus 

message is presented at the end of an article about climate change, perhaps conservatives will 

have tuned out and not picked up on the message. On the contrary, research in motivated 
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reasoning provides evidence that individuals do not just immediately dismiss counter-attitudinal 

information; rather, they actually engage with it and look for reasons to disprove the information 

(Ditto et al., 1998; Ditto & Lopez, 1992; Lord et al., 1979; Taber & Lodge, 2006). For example, 

Garrett (2009) found that the amount of counter-attitudinal information in an online news story 

was positively related to how much time participants spent reading it. Therefore, we would not 

expect conservatives to dismiss consensus messaging in a news article any more than they would 

in other mediums, especially within an experimental setting where they are specifically asked to 

read the article.  

For the direct relation between consensus messaging and other climate change beliefs, 

previous evidence is mixed on whether politics moderates the relation. Some studies show that 

neither liberals nor conservatives have increased belief in climate change after a consensus 

message (e.g., Dixon et al., 2017), other studies show that conservatives have less belief after a 

consensus message (e.g., Cook & Lewandowsky, 2016), others show decreased polarization 

(Bolsen et al., 2014), and finally some studies show that consensus messages work no matter the 

politics of participants (e.g., Brewer & McKnight, 2017; Myers et al., 2015). We did not have 

any specific prediction on whether politics would moderate the effect of the consensus message 

on climate change beliefs.  

Study 1 

Materials and Method 

Participants and Procedure 

College students (N = 559) from a large public university in the southwestern U.S. 

participated in a study about evaluating news articles in exchange for extra credit in social 

science courses. After excluding participants for not responding to (n = 30) or incorrectly 
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answering an attention check (n = 38), for expressing suspicion that the article they read was 

fake (n = 8), and for not allowing their data to be included in analyses after debriefing (n = 11), 

the final sample size was 472. The sample was mostly female (78% female, 21% male, <1% 

non-binary) and majority Asian or Latinx (34% Asian, 33% Latina/o/x, 14% White, 19% Other). 

Participants were randomly assigned to one of five conditions: four article conditions and 

one control condition. In all conditions, participants first consented to take part in the study, 

which was approved by the university’s IRB. Participants in the treatment conditions were then 

asked to read an article, answer questions about the article, answer questions about their attitudes 

on climate change, and finally answer demographic questions. When shown the article, 

participants could not advance the page until 60 seconds had elapsed. Participants in the control 

condition were also assigned to read an article and answer the same questions, but they first 

answered questions about perceived consensus and their climate change attitudes before reading 

the article. At the end of the survey, all participants were debriefed and thanked for their time.  

Stimulus Materials 

In an initial study using similar articles (but without any consensus manipulations), we 

found a relation between interest in the articles and belief in global warming.5 Therefore, we 

created four news articles: a boring article without consensus information, a boring article with 

consensus information, an interesting article without consensus information, and an interesting 

article with consensus information. For the interesting articles—titled, “Study: Beer prices could 

double because of climate change” (Chappell, 2018)—we slightly edited the text of a real news 

article (Borenstein, 2018) describing the results of a study that found that climate change is going 

 
5 For a brief discussion of the design and results of this initial study, see Appendix A. The stimulus materials were 

similar to the current set of studies (i.e., using news articles about climate change), but we did not include a 

consensus manipulation. 
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to increase the price of beer (Xie et al., 2018). Taking on the logo and look of an AP News 

article, the text described how beer prices are projected to increase because of losses in barley 

production, and discussed some of the impacts of climate change. To craft the boring articles, we 

took text from a scientific paper on beech trees (Geßler et al., 2006) and included text that 

described how climate change is going to negatively affect beech trees. For the consensus 

articles, we also added the following text as the second to last paragraph:  

Climate scientists are in agreement about the effect of human activities on global 

warming, with at least 97% of climate scientists concluding that human-caused climate 

change is happening. A recent report by a collection of scientists concluded that human 

activity has already led to a 1°C increase in average global temperature, with worsening 

impacts as warming increases. 

Importantly, the consensus message was not the main point of the consensus articles; rather, the 

articles detailed an outcome of climate change and only mentioned the scientific consensus at the 

end of the articles. The full text of all four articles, as well as all study materials and data, are 

available online (https://osf.io/cq8wp/).  

Measures 

 Responses to the Article. To maintain the cover story of evaluating a news article, we 

asked participants a few questions about the article and facts within it (see the OSF page for all 

study questions). Included in these questions were two items measuring interest in the article, 

“How interesting/boring [reverse coded] did you find the article”, that were scored from 0 (Not 

at all) to 10 (Extremely) and averaged together as an index of interest in the article (M = 4.54, SD 

= 2.62, standardized 𝛼 = .85). Additionally, one item measured the difficulty of the article, “This 

https://osf.io/cq8wp/
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article was difficult to read”, scored on a scale from 1 (Strongly disagree) to 7 (Strongly agree) 

as a way to measure participants’ perceptions of reading the article (M = 3.78, SD = 1.89).   

 Perceived Scientific Consensus. We assessed participants’ perceptions of the scientific 

consensus using one item, “What percentage of climate scientists agree that humans are causing 

global warming”, measured on a sliding scale from 0 to 100 (M = 83.93, SD = 15.05).  

Belief in Climate Change. Belief in climate change was assessed with six items adapted 

from Dixon et al. (2017), such as “Climate change is a process that is already underway.” The 

response scale ranged from 1 (Strongly disagree) to 7 (Strongly agree), and the items were 

averaged to create an index of belief in climate change (M = 5.99, SD = 0.80, 𝛼 = .74). 

Risk of Climate Change. To assess participants’ perceived risk of climate change, we 

used three questions (from Kellstedt et al., 2008) asking about the risk that global warming and 

climate change will have on public health, the economy, and the environment (e.g., “In your 

opinion, what is the risk of global warming and climate change exerting a significant impact on 

public health in your state?”). Responses were measured on a scale from 1 (No risk) to 7 (A lot of 

risk) and averaged together to create an index of perceived risk (M = 5.74, SD = 1.14, 𝛼 = .85). 

Impact of Climate Change. Similarly, we used three items from the same study 

(Kellstedt et al., 2008) to assess participants’ perceptions of the personal impact that climate 

change will have on their health, their economic situation, and the environment in which they 

live (e.g., “Global warming and climate change will have a noticeably negative impact on my 

health in the next 25 years”). Responses were measured on a scale from 1 (Strongly disagree) to 

7 (Strongly agree) and averaged together to create an index of personal impact (M = 5.95, SD = 

0.84, 𝛼 = .79). 
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Support for More Action on Global Warming. We included one item intended to 

measure participants’ support for people to take more action towards global warming: “Do you 

think people should be doing more or less to reduce global warming” (from van der Linden, 

Leiserowitz, et al., 2019). Responses were measured on a scale from 1 (Much less) to 7 (Much 

more), with the midpoint at 4 (Same amount) (M = 6.54, SD = 0.97).  

Political Ideology. We measured participants’ political ideology with one item from 1 

(Very liberal) to 7 (Very conservative), and the sample was heavily skewed towards liberal (M = 

2.84, SD = 1.31). 

Demographics. Lastly, we measured participants’ demographics, including race and 

ethnicity, gender, and subjective socioeconomic status (Adler et al., 2000).  

Results 

 As expected, participants found the article about beer (M = 5.82, SD = 2.19) much more 

interesting than the article about beech trees (M = 3.25, SD = 2.37), Welch’s t(460.84) = 12.16, p 

< .001, d = 1.13.6 However, both articles displayed largely the same pattern of results on climate 

change beliefs and perceived consensus. Appendix A includes the results split by all four articles, 

but for the rest of this section we collapse the boring and interesting articles to produce three 

groups: control, no consensus articles, and consensus articles.  

Perceived Consensus 

We conducted a linear regression with perceived consensus as the dependent variable and 

dummy-coded experimental condition as the independent variables. Perceptions of scientific 

consensus were significantly different by condition, R2 = .04, F(2, 468) = 9.98, p < .001. 

Consistent with the GBM, participants who read articles that included consensus information (M 

 
6 Because participants in the control condition still read the article and rated how interesting they found it, we were 

able to include them as part of analyses using interest as the outcome variable. 
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= 87.36, SD = 13.31) had significantly higher perceptions of the scientific consensus than those 

in the control group (M = 79.54, SD = 15.84), b = 7.82, 95% CIboot [4.22, 11.53], p < .001, d = 

0.54.7
 Additionally, perceived consensus in the condition with no consensus (M = 82.83, SD = 

15.56) was higher than in the control group, although the difference was only marginally 

significant, b = 3.29, 95% CIboot [-0.59, 7.10], p = .07, d = 0.22. Even when presented in a subtle 

way, a consensus message was effective at garnering higher levels of scientific consensus 

perceptions.8 

Climate Change Attitudes 

To test the impact of article condition on climate change attitudes, we conducted linear 

regressions with each climate change attitude variable as the outcomes and dummy-coded 

experimental condition as the independent variables, displayed in Table 2.1. Compared to those 

in the control condition, participants who read the article with consensus information reported 

significantly more belief in climate change, perceived risk, and perceived impact than those in 

the control condition. Additionally, those who read the no consensus article reported 

significantly higher perceptions of risk and impact of climate change. However, participants’ 

levels of support for action did not significantly vary by condition.  

 
7 As would be expected, the perceived consensus variable was heavily negatively skewed. Most studies in consensus 

messaging still analyze this outcome variable using parametric tests (e.g., t tests, regression). Unless otherwise 

stated, throughout the rest of the paper we report bias-corrected and accelerated (BCa) bootstrapped confidence 

intervals for all regressions. Additionally, regressions with robust standard errors are reported in Appendix A. 

8 Since the GBM predicts that changes in perceived consensus lead to changes in climate change attitudes, we also 

tested mediation models with the four climate change attitudes variables as outcomes and perceived consensus as the 

mediator, using consensus article compared to control as the treatment. The consensus article had a significant 

positive indirect effect on each outcome variable through perceived consensus, although without a pre-post design 

we could not directly test the GBM. Similar mediation results for each study are shown in Appendix A. 



 

65 

 

Table 2.1 

 

Linear Regressions with Experimental Condition Predicting Climate Change Attitudes, Study 1 

 Belief Risk Impact Support for action 
 b (95% CIboot) b (95% CIboot) b (95% CIboot) b (95% CIboot) 

Intercept 5.83*** (5.65, 5.99) 5.47*** (5.23, 5.69) 5.73*** (5.53, 5.91) 6.43*** (6.17, 6.62) 

Article without consensus 0.14 (-0.07, 0.36) 0.32* (0.04, 0.61) 0.28** (0.06, 0.52) 0.08 (-0.17, 0.36) 
 d = 0.18 d = 0.29 d = 0.33 d = 0.08 

Article with consensus 0.26** (0.08, 0.47) 0.35* (0.09, 0.63) 0.28** (0.07, 0.51) 0.19 (-0.03, 0.47) 
 d = 0.33 d = 0.31 d = 0.34 d = 0.20 

N 472 472 472 472 

R2 0.02 0.01 0.02 0.01 

F 3.63* 3.53* 4.40* 1.45 

Note. Confidence intervals are bias-corrected and accelerated (BCa). Because the condition variables were dummy  

coded, the intercept represents the mean of the control condition and the unstandardized coefficients represent the  

differences between each experimental group and the control condition. 

*p < .05. **p < .01. ***p < .001. 
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Moderation by Political Ideology 

Lastly, we examined if the impact of condition was dependent on participants’ political 

ideology, conducting a linear regression with the interaction between centered ideology and 

condition predicting climate change attitudes. Ideology did not significantly moderate the effect 

of the no consensus article on perceived consensus (b = -1.61, 95% CIboot [-4.53, 1.40], p = .23), 

nor the effect of the consensus article on perceived consensus (b = 0.25, 95% CIboot [-2.72, 3.09], 

p = .86). Similarly, ideology was not a significant moderator of either article on beliefs (no 

consensus: b = -0.04, 95% CIboot [-0.21, 0.13], p = .60; consensus: b = -0.09, 95% CIboot [-0.25, 

0.08], p = .23), impact (no consensus: b = -0.02, 95% CIboot [-0.20, 0.16], p = .79; consensus: b = 

-0.04, 95% CIboot [-0.22, 0.13], p = .61), or support for action (no consensus: b = -0.04, 95% 

CIboot [-0.28, 0.16], p = .65; consensus: b = 0.04, 95% CIboot [-0.15, 0.23], p = .65). Lastly, 

although ideology was a significant moderator of risk perceptions for the no consensus article (b 

= -0.19, 95% CIboot [-0.44, 0.02], p = .049), it was a not a significant moderator for the consensus 

article, b = -0.17, 95% CIboot [-0.41, 0.05], p = .10. Political ideology did not moderate the effect 

of the consensus article on perceived consensus or the other climate change attitudes.  

Study 1 Discussion 

 In Study 1, we presented college students with articles about the effects of climate change 

on trees or beer, withholding the consensus message until the very end of the article. This subtle 

consensus message—unlike other messages used in the literature—mirrors how people might 

receive consensus information in their daily news browsing. Despite the covert nature of the 

manipulation, participants who received a consensus message reported significantly higher levels 

of scientific consensus than those in the control condition. Additionally, there was a significant 

effect of the consensus article on climate change beliefs and a significant effect of both articles 



 

67 

 

on perceived risk and impacts of climate change. The results not only support previous research 

on consensus messaging, but they also suggest that consensus messages do not necessarily need 

to be overt—they can still be effective even if placed at the end of a news article.  

Study 2 

Materials and Method 

Participants and Procedure 

Participants (N = 1,501) were recruited from the publicly available online website 

YourMorals.org, where people can take surveys on various moral, political, and personality 

topics in exchange for their scores and information about the topics. Given the focus of the 

current studies on climate and polarization in the U.S., we only analyzed data from participants 

from the U.S. (N = 1,077). Using G*Power software to calculate power, a target sample size was 

set at 969 with 0.80 power to detect a small effect in a one-way design with three groups. Similar 

to in Study 1, we excluded participants who did not answer (n = 100) or failed an attention check 

(n = 51), resulting in a final sample size of 926. The sample was mostly male (25% female) with 

an average age of 35.09 years (SD = 13.89). As is common with visitors to the YourMorals.org 

website, the sample was highly educated: 61% completed or in college, 33% completed or in 

graduate or professional school, and 6% completed high school with no college experience.  

 The design of the study was nearly identical to that of Study 1, except that we only used 

the articles about beer, resulting in three conditions: article with no consensus information, 

article with consensus information, and a control condition where participants answered 

questions about climate change before reading the article.  

Measures 
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The measures were the same as those used in Study 1, with three differences. First, the 

setup of the YourMorals.org website requires that participants enter demographic information 

upon website registration. This includes information like gender, age, education, religiosity, and 

socioeconomic status. They also report their political ideology on a scale from 1 (Very liberal) to 

7 (Very conservative), with the additional options of “Don’t know/Not political”, “Libertarian”, 

and “Other.” In analyzing ideology, we only included those who responded on the 1 to 7 scale (n 

= 741); the sample was heavily skewed towards liberal (M = 2.88, SD = 1.64). Second, visitors to 

the website list their political party upon registration, and those who do not select a party are 

given the option to select a party they lean towards. In analyzing party, we grouped “Democrat” 

with those who lean “Closer to Democrat”, and “Republican” with those who lean “Closer to 

Republican” (43% Democrat, 32% Independent, 24% Republican). Third, we reduced the two 

questions about article interest to just one question about how boring the article was. Like in 

Study 1, the indices of belief (𝛼 = .89), risk (𝛼 = .93), and impact (𝛼 = .91) showed good 

reliability.  

Results 

Perceived Consensus 

Most likely due to the highly educated nature of the sample, perceptions of consensus 

were extremely high in all conditions. Despite the overall high scores, as in Study 1, perceptions 

of consensus varied significantly by condition and participants were sensitive to the consensus 

message in the article, R2 = .02, F(2, 923) = 9.62, p < .001. Compared to those in the control 

condition (M = 88.87, SD = 19.85), participants who read an article with consensus information 

reported significantly higher levels of perceived consensus (M = 93.63, SD = 12.67), b = 4.76, 

95% CIboot [2.23, 7.58], p = .001, d = 0.26. Those who read just the article without consensus 
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information did not vary significantly from the control group (M = 87.46, SD = 21.08), b = -1.41, 

95% CIboot [-4.63, 1.82], p = .34, d = -0.08.  

Climate Change Attitudes 

Experimental condition had various effects on the downstream climate change attitudes. 

Participants’ belief in climate change, R2 = .01, F(2, 899) = 3.79, p = .02, varied significantly by 

experimental condition, although neither article condition had an individually significant effect 

on belief. Interestingly, participants’ belief in climate change was marginally significantly lower 

in the no consensus condition (M = 5.87, SD = 1.29) than in the control condition (M = 6.06, SD 

= 1.19), b = -0.18, 95% CIboot [-0.39, 0.01], p = .07, d = -0.15. However, participants’ level of 

climate change belief in the consensus condition (M = 6.14, SD = 1.15) was higher than it was in 

the control condition, although the difference was not significantly different, b = 0.08, 95% CIboot 

[-0.10, 0.27], p = .39, d = 0.07. In a similar pattern of results, support for action varied 

significantly by condition, R2 = .01, F(2, 909) = 3.21, p = .04, where those in the control 

condition reported the highest levels of support for action (M = 6.10, SD = 1.47). Participants in 

the no consensus condition (M = 5.81, SD = 1.69) reported significantly less support for action 

than those in the control condition, (b = -0.29, 95% CIboot [-0.54, -0.04], p = .02, d = -0.18), but 

those in the consensus condition (M = 6.07, SD = 1.51) had nonsignificantly less support than the 

control, b = -0.02, 95% CIboot [-0.26, 0.22], p = .86, d = -0.01. 

For risk perceptions, R2 = .004, F(2, 909) = 1.84, p = .16, and impact, R2 = .01, F(2, 903) 

= 2.33, p = .10, attitudes did not vary significantly by condition. Compared to the control 

condition (M = 5.15, SD = 1.69), participants’ risk perception was nonsignificantly lower in the 

no consensus condition (M = 4.97, SD = 1.80, b = -0.18, 95% CIboot [-0.47, 0.09], p = .20, d = -

0.10), and nonsignificantly higher in the consensus condition (M = 5.23, SD = 1.67), b = 0.08, 
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95% CIboot [-0.20, 0.35], p = .57, d = 0.05. Similarly, compared to the control (M = 5.01, SD = 

1.71), participants’ perception of impacts was nonsignificantly lower in the no consensus 

condition (M = 4.74, SD = 1.80, b = -0.26, 95% CIboot [-0.54, 0.02], p = .06, d = -0.15), and 

nonsignificantly higher in the consensus condition (M = 5.01, SD = 1.76), b = 0.01, 95% CIboot [-

0.28, 0.27], p = .97, d = 0.003. 

Moderation by Political Ideology 

As seen in Table 2.2, there was a significant interaction between ideology and the 

consensus article condition on perceived consensus. Liberals (estimated mean for those with a 

score of 2 on ideology) in the consensus article condition (M = 95.33) had a similar level of 

perceived consensus as those in the control condition (M = 94.17), b = 1.16, t(735) = 0.77, p = 

.44. However, conservatives reported significantly higher levels of perceived consensus in the 

consensus article condition (M = 87.45) than in the control condition, (M = 75.93), b = 11.52, 

t(735) = 3.92, p < .001. Neither liberals (M = 95.63, b = 1.46, t(735) = 0.95, p = .35) nor 

conservatives (M = 72.42, b = -3.51, t(735) = 1.24, p = .22) in the no consensus conditions were 

significantly different than the control. In other words, the consensus message was effective for 

conservatives but not for liberals.9 As visualized in Figure 2.1, this interaction seems to be partly 

due to a ceiling effect for liberals. For all of the other climate change attitudes (Table 2.2), 

ideology was not a significant moderator, indicating that this interaction was unique to perceived 

consensus.  

 
9 A similar pattern can be found when using political party rather than ideology, as shown in Appendix A. 
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Table 2.2 

 

Linear Regressions for the Interaction Between Condition and Ideology, Study 2 

 Perceived consensus Belief Risk Impact Support for action 
 b (95% CIboot) b (95% CIboot) b (95% CIboot) b (95% CIboot) b (95% CIboot) 

Intercept 90.14*** 6.17*** 5.27*** 5.14*** 6.22*** 
 (87.69, 91.94) (6.06, 6.27) (5.11, 5.43) (4.96, 5.29) (6.08, 6.34) 
      

Article no consensus 0.36 -0.01 0.08 0.01 -0.08 
 (-2.27, 3.04) (-0.16, 0.12) (-0.13, 0.29) (-0.22, 0.23) (-0.26, 0.10) 

Article with consensus 3.45* 0.11 0.10 0.04 0.04 
 (0.96, 6.15) (-0.05, 0.25) (-0.12, 0.32) (-0.21, 0.28) (-0.15, 0.23) 

Conservatism -4.56*** -0.49*** -0.65*** -0.64*** -0.58*** 
 (-6.71, -2.88) (-0.59, -0.40) (-0.75, -0.52) (-0.75, -0.53) (-0.70, -0.48) 

Conserv.*No consensus -1.24 -0.08 -0.11 -0.07 -0.11 
 (-3.89, 1.31) (-0.20, 0.04) (-0.26, 0.04) (-0.22, 0.08) (-0.27, 0.05) 

Conserv.*Consensus 2.59** 0.08 0.05 0.07 0.11 
 (0.51, 4.76) (-0.06, 0.21) (-0.11, 0.19) (-0.09, 0.23) (-0.05, 0.26) 

N 741 720 730 724 730 

R2 0.20 0.51 0.46 0.40 0.46 

F 36.37*** 146.87*** 125.81*** 95.86*** 125.08*** 

Note. Confidence intervals are bias-corrected and accelerated (BCa). Because the condition variables were dummy coded and  

conservatism was mean centered, the intercept represents the mean of the control condition for those with average conservatism. 

*p < .05. **p < .01. ***p < .001. 
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Figure 2.1 

Interaction Between Political Ideology and Condition on Perceived Consensus 

 

Note. The line for liberals shows the estimated marginal means predicted for those scoring 2 on 

ideology, and the line for conservatives shows predicted means for those scoring 6 on ideology. 

Error bars show 95% CIs.  

 

Study 2 Discussion 

 This follow-up experiment demonstrated once again that news articles with consensus 

messages, even when the main topic is not the scientific consensus, can be effective mediums. 

Compared to a control condition, participants reported higher levels of perceived consensus after 

reading an article with consensus information, but not after reading the same article without the 

consensus message. Unlike in Study 1, the consensus message did not have significant effects for 

other climate change attitudes. However, for two of these dependent variables—belief in climate 
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change and support for action—experimental condition explained a significant amount of 

variation. For these variables, the pattern emerged where participants’ attitudes were lower for 

those in the no consensus condition than in the control condition, but nonsignificantly different 

between those in the consensus condition and control condition. However, only one of the effects 

was significant (no consensus lower than control for support for action), suggesting that the 

overall impact of condition for downstream climate change attitudes was very limited.   

 Additionally, the Study 2 sample displayed significant moderation with political ideology 

on perceived consensus. Liberals reported very high perceptions of the scientific consensus no 

matter their experimental condition, while conservatives—with low consensus perceptions in the 

control condition—were significantly influenced by the consensus message, with those reading 

the article with consensus having higher levels of perceived consensus than the control condition. 

This finding is in line with other research showing that conservatives may be especially 

responsive to consensus information (Goldberg, van der Linden, Ballew, Rosenthal, & 

Leiserowitz, 2019; van der Linden et al., 2015; Zhang et al., 2018). Ideology was not a 

significant moderator for either article condition on the other climate change attitudes, indicating 

that this moderation was limited to perceptions of consensus.  

Study 3 

Study three was conducted with two goals in mind: first, to replicate Studies 1 and 2 in a 

larger sample; and second, to test the effect of the consensus article against a commonly used 

consensus message. The study compared the current consensus manipulation within a news 

article to a manipulation commonly used by other studies that use consensus messaging. 

Methods and Materials 

Participants and Procedure 
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The study was preregistered (aspredicted.org) and recruited U.S. participants from 

Amazon Mechanical Turk (AMT). We designed the study to have 80% power to detect a very 

small interaction effect (f2 = .01) between experimental condition and ideology, leading to a 

target sample size of 1,095 (calculated using G*Power; Faul et al., 2007). In total, 1,150 people 

consented to take the study. Following our preregistered analyses, we excluded those who 

incorrectly answered (n = 63) or failed to answer (n = 20) an attention check, those who 

expressed suspicion that the news article was fake (n = 2), and those who did not wish for their 

data to be included (n = 17), resulting in a final sample size of 1,048. The sample was majority 

male (63%) and White (70%), with an average age of 37.67 years old (SD = 11.98). The sample 

was relatively balanced politically, with a mean ideology score of 4.00 out of 7 (where 1 = Very 

liberal and 7 = Very conservative). All materials and data are available online 

(https://osf.io/cq8wp/).  

 The design of the study was very similar to that of Studies 1 and 2, with two differences. 

First, we added an experimental condition where participants read a statement that read, “97% of 

climate scientists have concluded that human-caused climate change is happening.” This 

statement was not embedded in an article and was only accompanied by a logo from the 

American Association for the Advancement of Science ([AAAS], as used in van der Linden et 

al., 2014). The remaining three conditions stayed the same as in Study 1: an article with no 

consensus information, an article with consensus information, and a control group that read the 

article or statement after responding to the climate change dependent variables. Participants 

could not advance from the statement-only page for 10 seconds and from the article page for 60 

seconds. Whereas participants who read one of the news articles answered the same items as in 

https://osf.io/cq8wp/
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Study 2 about beer (e.g., relevance, importance), participants who read the statement answered 

the same items about AAAS (e.g., relevance and importance of AAAS).    

The second change from Studies 1 and 2 was an adjustment to the dependent variables. 

Because of the similarity of the risk and impact measures, and to reduce the time for the study, 

we removed the three items assessing participants’ perceived risk. In addition, given the extreme 

skew of the 0 to 100 perceived consensus variable, we also included a second measure of 

perceived consensus. Participants responded to the prompt, “A vast majority of climate scientists 

agree that humans are causing global warming” (adapted from Brewer & McKnight, 2017) by 

indicating their agreement on a scale from 1 (Strongly disagree) to 7 (Strongly agree). This item 

was added to capture a more normally distributed measure of perceived consensus, although 

scores were still very high (M = 5.92, SD = 1.12). As in Studies 1 and 2, the scales of climate 

change belief (𝛼 = .84) and impact (𝛼 = .83) showed good reliability.  

Results 

Visualized in Figure 2.2, experimental condition explained a significant amount of 

variance in the 0-100 perceived consensus variable, R2 = .02, F(3, 1,043) = 7.06, p < .001. 

Specifically, those who read an article with consensus information had significantly higher 

perceived consensus (M = 84.57, SD = 15.54) than those in the control group (M = 80.92, SD = 

16.53), b = 3.65, 95% CIboot [0.93, 6.35], p = .01, d = 0.23. Similarly, those in the statement-only 

group (M = 86.09, SD = 15.66) also had significantly higher perceptions of consensus than those 

in the control group, b = 5.18, 95% CIboot [2.41, 7.89], p < .001, d = 0.32. Those who read the 

article without consensus information (M = 80.86, SD = 16.50) were not significantly different 

than the control group, b = -0.06, 95% CIboot [-2.84, 2.74], p = .97, d = -0.004. Lastly, as 

specified in our preregistration, we also tested the effect of the article with consensus compared 
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to just the consensus statement; the two groups were not significantly different, b = 1.53, Tukey-

adjusted p = .70, d = .10.  

 

Figure 2.2 

The Effect of Condition on Perceived Consensus 

 

 

Note. The distributions of perceived consensus scores are displayed separately for each 

condition, with 95% confidence intervals around each group mean shown in black.  

 

 In contrast, the regression using perceived consensus on a Likert scale did not show 

differences by experimental condition, R2 = .005, F(3, 1044) = 1.75, p = .16. Those in the control 

group had an average of 5.87 (SD = 1.00), which was nonsignificantly higher than those in the no 

consensus group (b = -0.04, 95% CIboot [-0.23, 0.14], p = .66, d = -0.04), nonsignificantly lower 

than those in the article with consensus group (b = 0.11, 95% CIboot [-0.07, 0.29], p = .25, d = 

0.10), and nonsignificantly lower than those in the statement-only group, b = 0.15, 95% CIboot [-
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0.04, 0.34], p = .12, d = 0.14. Lastly, the two consensus groups were nonsignificantly different 

from each other, b = 0.04, p = .98, d = 0.03. Although differences emerged with the 0-100 

variable, there were surprisingly no differences between experimental conditions when perceived 

consensus was measured on a Likert scale.  

Unlike in Study 1, experimental condition was not a significant predictor of climate 

change beliefs, perceived impacts, or support for action (Table 2.3). Moreover, participants who 

read the article with consensus information and those in the statement-only group were 

nonsignificantly different on belief (b = 0.08, Tukey-adjusted p = .90, d = 0.06), impact (b = 

0.02, Tukey-adjusted p = .997, d = 0.02), and support for action, b = 0.15, Tukey-adjusted p = 

.70, d = 0.10.  

Moderation by Political Ideology 

For the 0-100 perceived consensus variable, political ideology did not significantly 

moderate the impact of the no consensus article (b = 0.67, 95% CIboot [-0.76, 2.14], p = .33), the 

consensus article (b = -0.20, 95% CIboot [-1.50, 1.15], p = .78), or the statement, b = 0.10, 95% 

CIboot [-1.10, 1.45], p = .89. In other words—unlike in Study 2 but similar to Study 1—the 

articles and statement were not differentially effective for participants across the political 

spectrum. Unsurprisingly, for the Likert perceived consensus variable, political ideology also did 

not moderate the impact of the no consensus article (b = 0.03, 95% CIboot [-0.06, 0.12], p = .56), 

the consensus article (b = -0.01, 95% CIboot [-0.09, 0.07], p = .89), or the statement, b = 0.02, 

95% CIboot [-0.07, 0.12], p = .70. Neither the articles nor the statement were effective in 

increasing the Likert perceived consensus variable, and this did not vary across ideology. As 

displayed in Table 2.3, ideology was not a significant moderator for any of the three other 

climate change attitudes dependent variables. 
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Table 2.3 

 

Linear Regressions for the Main Effects and Interaction Between Condition and Ideology, Study 3 

 Belief Impact Support for action 
 b (95% CIboot) b (95% CIboot) b (95% CIboot) b (95% CIboot) b (95% CIboot) b (95% CIboot) 

Intercept 5.04*** 5.06*** 5.16*** 5.16*** 5.34*** 5.37*** 
 (4.90, 5.19) (4.93, 5.18) (5.00, 5.29) (5.02, 5.30) (5.14, 5.52) (5.18, 5.53) 

Article no consensus 0.09 0.09 0.04 0.04 0.18 0.16 
 (-0.12, 0.30) (-0.10, 0.28) (-0.16, 0.24) (-0.16, 0.24) (-0.08, 0.47) (-0.08, 0.42) 

Article with consensus 0.12 0.05 -0.05 -0.08 0.18 0.11 
 (-0.09, 0.33) (-0.14, 0.24) (-0.27, 0.17) (-0.30, 0.13) (-0.08, 0.47) (-0.14, 0.35) 

Statement only 0.04 0.03 -0.07 -0.07 0.03 0.01 
 (-0.19, 0.25) (-0.16, 0.22) (-0.28, 0.14) (-0.27, 0.13) (-0.25, 0.31) (-0.25, 0.27) 

Conservatism  -0.31***  -0.17***  -0.35*** 
  (-0.38, -0.24)  (-0.24, -0.10)  (-0.43, -0.26) 

Conservatism*No consensus  0.06  0.04  0.10 
  (-0.04, 0.15)  (-0.06, 0.15)  (-0.03, 0.22) 

Conservatism*Consensus  -0.09  -0.06  -0.05 
  (-0.18, 0.01)  (-0.17, 0.05)  (-0.18, 0.07) 

Conservatism*Statement  -0.04  -0.004  0.01 
  (-0.13, 0.06)  (-0.11, 0.10)  (-0.11, 0.15) 

N 1,048 1,045 1,047 1,045 1,047 1,045 

R2 0.001 0.27 0.001 0.08 0.003 0.17 

F 0.45 54.61*** 0.41 13.25*** 0.96 29.71*** 

Note. Confidence intervals are bias-corrected and accelerated (BCa). Because the condition variables were dummy coded and  
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conservatism was mean centered, the intercept of the smaller models represents the mean of the control condition and the intercept of 

the larger models represents the mean of the control condition for those with average conservatism. Effect sizes between treatment and 

control can be calculated using the regression coefficients and the full sample standard deviations (belief SD = 1.27, impact SD = 1.26, 

support for action SD = 1.62).  

*p < .05. **p < .01. ***p < .001. 
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Study 3 Discussion 

 Study 3 was conducted to replicate Studies 1 and 2 in a different sample and to compare 

the effect of the consensus article with a traditional consensus statement. Similar to Studies 1 and 

2, participants who read the article with a consensus message—but not those who read the same 

article without a consensus message—had significantly higher perceptions of the consensus. 

Participants who read a consensus statement only also had significantly higher consensus 

perceptions and were not significantly different than those in the consensus article condition. The 

results find some support for the GBM and suggest that—even when embedded at the end of an 

article that does not focus on consensus—a consensus message increases belief that climate 

scientists are in agreement about human-caused climate change.  

 However, the results also point to some limitations of consensus messaging. First, similar 

to Study 2 but unlike Study 1, neither of the articles nor the consensus statement improved 

climate change attitudes compared to a control condition. This is in line with other research on 

the GBM and points to the limited direct impact that consensus messages can have on 

downstream climate change beliefs. Second, consensus messages were only effective when 

perceived consensus was measured on a scale from 0-100 and not when measured as a Likert 

scale of agreement that the vast majority of climate scientists agree that climate change is 

human-caused. This could be due to a ceiling effect—the average score was nearly 6 out of 7—

or the ambiguity of “vast majority.” We used this term to convey that a strong majority, but it is 

unclear whether participants interpreted this as 60%, 70%, 80%, 90%, 99%, or some other 

percentage. There may have been more variance in responses if all participants had interpreted 

this as 97% or a similarly high percentage. Moreover, this is in line with previous research that it 

is important to convey 97% in consensus messages rather than just stating a majority (Deryugina 
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& Shurchkov, 2016; Myers et al., 2015); this distinction between 97% and majority may play a 

role not only in experimental manipulations (e.g., effectiveness of 97% messages vs. others) but 

also in the measurement of the dependent variable. 

General Discussion 

 Three studies were conducted to test if an article with consensus information embedded 

towards the end could be an effective way to convey a consensus message. Across all three 

samples, this article significantly increased perceptions of consensus compared to a control 

group. Moreover, reading an identical article without consensus information did not increase 

perceived consensus, demonstrating that the specific consensus information embedded in the 

article played the key causal part in influencing perceptions. In Study 1, the consensus article 

also led to increased belief in climate change, perceived risk of climate change, and impacts of 

climate change; the same effects, however, were not significant in Studies 2 and 3. In Study 2, 

the effect of the consensus article on perceived consensus was significantly moderated by 

political ideology, such that the article was more effective for conservatives than for liberals; the 

same interaction, however, was not significant in Studies 1 or 3. In Study 3, both the article with 

consensus and a straightforward consensus statement were effective in increasing perceptions of 

consensus, although only when perceived consensus was measured from 0 to 100. Overall, the 

series of studies provides evidence that embedding consensus information into an article is an 

effective way to communicate consensus information. Furthermore, the results suggest that 

consensus information does not provoke a backfire effect among conservatives. Across three 

large studies—and one specifically powered to find a small interaction effect—political ideology 

did not moderate the effect of consensus information on climate change belief, risk perceptions, 

perceived impact, or support for action. Although Study 2 found that the consensus article was 
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more effective for conservatives than liberals (for perceived consensus), ideology overall had 

little impact on the effectiveness of the various experimental conditions. 

 The set of studies has a few important implications for climate change communication. 

The present findings suggest that consensus information is still effective (at least for perceived 

consensus) even when it is not the center of a message or the main point of an article. Traditional 

ways of communicating scientific consensus in experiments rely on very straightforward and 

overt messages, unique to a research experiment. The current studies use an ecologically valid 

way of communicating consensus—through a news article—and find it to be just as effective as 

an overt message. Given this potential, journalists may be able to add some consensus 

information at the end of an article, even if it were not the main subject. Because the current 

findings provide no evidence of a backfire effect among conservatives, there seems to be little 

downside to adding consensus messages to news articles on climate change whenever possible. If 

anything, there may be a ceiling effect once enough of the public is familiar with the scientific 

consensus (which has not happened yet, Leiserowitz et al., 2019). Until then, however, climate 

change communicators should continue to find ways of communicating the consensus through 

various mediums. 

 The results also highlight the limitations of consensus messaging. While there is mixed 

evidence that consensus messages influence belief in climate change or policy attitudes, there is 

robust evidence that these messages lead to increases in perceived consensus—similar to the 

current findings. On one hand, it could be that the true effect of consensus messages on 

downstream climate change attitudes (e.g., belief, worry, policy support) is extremely small and 

therefore most studies are underpowered to detect this effect. In the current experiments, for 

example, Study 2 was powered to detect a small effect but underpowered to detect a very small 
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effect. Current consensus research may just be missing the true effect of consensus on attitudes if 

the true effect is very small. On the other hand, however, there may not be a true effect of 

consensus messaging on downstream climate change attitudes (or one so small that it is trivial). 

In this case, consensus studies may just be picking up on a manipulation check: give participants 

a statement about 97% scientific agreement and then ask them what percentage of scientists 

agree. Rather than responding with their true beliefs, participants in consensus conditions may be 

reporting higher levels of perceived consensus because they just received this specific 

information. Future work on consensus messaging should carefully consider ways to disentangle 

finding a true effect of experimental manipulations from a manipulation check. 

Limitations 

 The current set of studies has a number of limitations. For example, it relied on 

convenience samples that are not representative of the general population. There is robust 

evidence that experiments using students, AMT, and other convenience samples have similar 

results as those using more representative samples (Buhrmester et al., 2011; Casler et al., 2013; 

Coppock et al., 2018; Crump et al., 2013; Kees et al., 2017; Mullinix et al., 2015); however, 

given that these samples may differ on key moderating variables (e.g., ideology), there may be 

differences in the observed treatment effects compared to those of nationally representative 

samples (Boas et al., 2020; Druckman & Kam, 2011). Moreover, all three samples were likely 

more liberal than the general population and—although we tested for moderation between 

ideology and treatment—we may not have captured the behavior of representative liberals and 

conservatives (for more on AMT and political ideology, see Clifford et al., 2015).  

 The set of experiments tested the hypotheses using only one news article and one 

scientific article (Study 1). Although the results may generalize to other news articles, there 
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could be specific aspects of the specific article used that influenced the results. For example, 

because the article focused on the effects of climate change on beer, perhaps participants were 

particularly intrigued by the article and paid more attention to it. Or participants might have 

found the article compelling and therefore more credible and convincing. However, by 

comparing the article with consensus information to the same article without the information, we 

aimed to isolate the specific impacts of consensus information by keeping the article constant. 

Future research should investigate different types of articles to test if the type of article interacts 

with consensus information. 

In the study design, we forced participants to stay on the page for at least 60 seconds 

which, along with the fact that participants were asked to read the article as part of a paid study, 

increased the likelihood that they would read the full article. Although this was helpful to 

maximize participant engagement, it also reduced the ecological validity of the experiments. 

When people typically read news online, they are not forced to stay on the page for a certain 

amount of time or read an entire article. People likely simply read headlines or the first few 

paragraphs of an article—if consensus information is embedded at the end of an article, many 

people may never see it. The current studies extend research on the GBM by using a subtle 

manipulation in a commonly seen online format, but more research is needed to increase the 

ecological validity of the manipulation in order to fully generalize to real online behavior. 

Conclusion 

 The current research demonstrates that consensus messages can effectively convey 

information about the scientific consensus even if they are embedded towards the end of a news 

article. Despite the limitations of the study, it has important implications for climate change 

communication. A recent news article highlights how the last paragraph can be strategically 
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used. The article—on a conservative news site, Fox News—describes how a recent scientific 

study suggests that half of the world’s beaches will disappear by 2100 (Ciaccia, 2020). The 

article explains some of the study’s results, discusses global warming and its effects, and quotes 

the study’s author talking about how reductions in greenhouse gas emissions can still be effective 

to mitigate some of the effects of global warming on coastline. The last paragraph states:  

Skeptics have largely dismissed fears over man’s impact on global warming, saying 

climate change has been going on since the beginning of time. They also claim the 

dangers of a warming planet are being wildly exaggerated and question the impact that 

fossil fuels have had on climate change. (Ciaccia, 2020, para. 15) 

The article ends after this paragraph, with no mention of scientific consensus or the relative 

strength of the evidence to support the skeptics’ claims. Research suggests that this strategy of 

false balance—implying there is equivalent evidence on both sides a debate (when the evidence 

actually strongly favors one side)—can lower perceived consensus and increase polarization, 

although there are ways to correct the misinformation (Cook et al., 2017). This example 

demonstrates that the last paragraph can be used to convey consensus information—even non-

scientific information—and therefore points to the importance of continuing to study people’s 

perceptions of consensus information in ecologically valid ways.  
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CHAPTER 3 

Abstract 

Researchers interested in communicating science about climate change to the public have 

conducted experimental studies to investigate how people respond to messages about climate 

change. Through meta-analysis, the current chapter synthesizes this multitude of experimental 

studies in an attempt to uncover which interventions are most effective at influencing attitudes. 

The meta-analysis focused on experimental studies that included a control condition and 

measured climate change attitudes from participants in the United States. After a large literature 

search, 387 effect sizes were retrieved from 73 independent experiments. Interventions had a 

small, statistically significant positive effect on attitudes, g = 0.07, 95% CI [0.05, 0.09], p < .001. 

Surprisingly, type of intervention was not a significant moderator of the 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. The meta-

analysis also details and describes other moderators and publication bias. The chapter concludes 

with takeaways and recommendations for future research. 
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A Systematic Review and Meta-Analysis of Climate Change Attitudes After Experimental 

Interventions 

Climate change looms as one of the most substantial threats to the natural and built 

environment, bringing increased droughts, floods, and severe weather to most of the world in the 

next 100 years (IPCC, 2018). Yet collective action to address and mitigate it has been slow to 

mobilize. There is continued theorizing about why human psychology is part of the reason 

climate change is such a difficult problem to address. Human perceptions of climate change are 

vulnerable to a broad range of biases and are impacted by complex processes. Weber and Stern 

(2011) argued that non-scientists rely too heavily on personal experience, use simple mental 

models of climate change that are inadequate (e.g., equating weather with climate), and base 

beliefs on worldviews and values rather than scientific evidence. Certain aspects of climate 

change are so widespread that it necessarily intersects with many aspects of human psychology. 

Climate change is a collective action problem (i.e., requires widespread group solutions rather 

than just individual actions), has differential causes and effects, has the potential to destabilize 

social systems, is spread out over both space and time, and has both short-term and long-term 

effects in most areas of the earth (Pearson et al., 2016). These features interact with psychology 

in many ways, including group-processes, identity, belief systems, status, and time orientation. 

Furthermore, climate change has certain aspects that make it difficult to be approached as a 

moral problem: it is abstract, it is hard to ascribe blame on one actor, it provokes defensiveness 

through guilt, it allows for optimism through uncertainty, it incites tribal and group thinking, and 

it involves long-term time frames or far-away places (Markowitz & Shariff, 2012).  

All of these psychological processes are factors that lead to the difference between 

scientific consensus and public beliefs, as well as a gap between the emissions reductions needed 
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to mitigate the worst effects of global warming and the public’s willingness to act. Specifically, 

whereas 97% of climate scientists agree that human-caused global warming is happening, a 

recent poll found that 59% of the American sample thinks that global warming is human-caused 

(and only 25% of conservative Republicans; Leiserowitz, Maibach, Rosenthal, & Kotcher, 2019; 

Leiserowitz, Maibach, Rosenthal, Kotcher, et al., 2019). Additionally, in a recent sample of 

registered voters, 66% said that they were worried about global warming—again, split along 

political lines with 94% of liberal Democrats and 26% of conservative Republicans worried 

(Leiserowitz, Maibach, Rosenthal, Kotcher, et al., 2019). To investigate opinions about action to 

combat the effects of global warming, the same poll asked about support for both specific 

policies and general attitudes about making global warming a political priority: global warming 

should be a high priority for the President and Congress (83% of Democrats, 53% of 

Independents, 22% of Republicans); support for a carbon fee for fossil fuel companies that 

would be redistributed to citizens (77% of Democrats, 51% of Independents, 40% of 

Republicans); support for a revenue-neutral carbon tax10 (87% of Democrats, 58% of 

Independents, 48% of Republicans); oppose President Trump’s decision to pull out of the Paris 

climate agreement (92% of Democrats, 66% of Independents, 31% of Republicans); and various 

other policies showing similar results (Leiserowitz, Maibach, Rosenthal, Kotcher, et al., 2019). 

Registered voters were also asked about the issues they consider very important when voting in 

the next presidential election; highlighting the political contrast, global warming was the 3rd most 

important issue for liberal Democrats, the 7th most important issue for moderate/conservative 

Democrats, the 23rd most important issue for liberal/moderate Republicans, and the 29th most 

important issue for conservative Republicans (Leiserowitz, Maibach, Rosenthal, Kotcher, et al., 

 
10 A revenue-neutral carbon tax, as described to survey respondents, requires fossil fuel companies to pay a tax on 

carbon and the revenue would be used to lower other taxes (Leiserowitz, Maibach, Rosenthal, Kotcher, et al., 2019). 
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2019). In summary, Americans are divided politically—with Independent and Republican 

attitudes further away from scientific evidence than Democrat attitudes—and they vary in their 

attitudes about the cause of global warming, the effects it will have, the policies that should be 

enacted to stop it, and its priority as a voting issue. 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 its effects.     

Interventions to Influence Climate Change Attitudes 

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

proposed a number of interventions. Weber and Stern (2011) argued that improving public 

knowledge requires conceptual changes rather than an influx of information. For example, a 

conceptual adjustment would involve changing a person’s mental model of how climate change 

works—thus promoting a deeper understanding of the phenomenon—instead of giving them 

more evidence about global temperature increases. The authors also advocated for using a frame 

of risk management, where climate change communication focuses on future risks and how 

people can manage those risks, drawing on analogies to health and managing retirement. Weber 

(2016) outlined research with potential to sway perceptions of climate change, including: making 

climate change more concrete and local, using numbers to denote uncertainty rather than vague 

words, increasing care for future generations and connecting a country’s long past to a 

potentially long future, and increasing emotional responses in a carefully crafted way so as to 

reduce unintended side effects (e.g., inducing avoidance rather than action). In discussing social 

psychological interventions to increase concern for climate change, Fielding et al. (2014) 

highlight promising research in this area: effective interventions have used messages tailored to 

the audience’s values, framed messages in a way that focuses on avoiding losses, aligned 
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messages with the policies in those messages, used messages designed to assuage defensive 

reactions, reduced the distance between the consequences of climate change and the audience, 

and induced a shared human identity.  

There are many experimental studies designed to alter attitudes on climate change, and 

researchers have various perspectives about the types of interventions that will be the most 

effective. Despite numerous reviews discussing various interventions (e.g., Markowitz & Shariff, 

2012; Pearson et al., 2016; Weber, 2016), a comprehensive quantitative synthesis has not yet 

been conducted. In non-quantitative reviews, each study cited is given relatively equal weight (or 

subjectively weighted) in the conclusions that the authors draw. Quantitatively combining studies 

can help determine which interventions are effective at influencing climate change attitudes—

such as increasing belief in climate change or garnering more support for a climate policy—and 

for whom these interventions are effective (e.g., examining effectiveness by political group). A 

recent meta-analysis specifically examined the effect of message frames on various climate 

change attitudes and behavioral intentions, analyzing 27 effects from 9 published studies (Li & 

Su, 2018). The current meta-analysis takes a similar approach but expands the scope to include 

any type of experimental manipulation across a larger range of studies. 

The current meta-analysis integrates and reconciles experimental interventions to 

influence climate change attitudes for people in the U.S. I will use “intervention” to refer to 

experimental studies where a researcher varied some aspect of the setting or provided something 

to participants that was not provided to those in the control condition. For example, an 

intervention might include giving participants in the experimental condition a climate change 

related news article, a video about climate change, or a map of the potential effects of climate 

change, while providing an unrelated task or simply withholding a task from those in the control 
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condition. Additionally, I will use the term “climate change attitudes” to represent various types 

of attitudes and beliefs about climate change, where higher attitudes represent more belief in, 

support for, concern for, and worry about climate change (to name a few). In other words, having 

higher attitudes means that someone has more belief in climate change (e.g., acknowledging its 

causes and effects) and increased support for measures to address it. The first section of this 

chapter will discuss theoretical and methodological moderators and why they might be expected 

to explain variation in intervention effect sizes. The second section discusses the methods, the 

third provides the results, and the fourth section contextualizes the results, discusses limitations, 

and suggests potential future directions for this work. 

Moderators 

Theoretical Moderator: Politics 

 Political ideology—liberal, conservative, and moderate—is a strong predictor of climate 

change beliefs, and there is evidence that political party in particular (Democrat, Republican, 

Independent) drives differences in support for measures to address climate change (Ehret et al., 

2017; Hornsey et al., 2016). Therefore, many researchers have examined ways to communicate 

climate change in a way that increases support, especially among conservatives and those most 

skeptical of climate change. This moderator focuses on effect sizes between liberals, 

conservatives, and moderates: can variation in intervention effect sizes be explained by the 

political affiliation of people receiving an intervention? 

Research on motivated reasoning provides certain predictions about how individuals may 

process information provided by climate change communication researchers. Motivated 

reasoning suggests that individuals have a desire to reach certain conclusions when forming 

attitudes and beliefs. Specifically, individuals can have directional goals (i.e., reach a preferred 
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conclusion) or accuracy goals (i.e., reach an accurate conclusion) and will employ strategies that 

are in line 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 

changes beliefs 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 (via selective exposure; 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: research has found evidence that political partisanship is more predictive of 

attitudes than knowledge (Palm et al., 2017), and providing people with information about the 

effects of climate change may not only be ineffective but also has the potential to increase 

polarization (P. S. Hart & Nisbet, 2012; Kahan 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). Given 

information, people with accuracy goals are motivated to interpret information using strategies 

that will lead them to accurate conclusions. Accuracy goals (as well as Bayesian goals; see 

Druckman & McGrath, 2019 for a discussion) may explain the mixed evidence for motivated 

reasoning (Bolsen, Druckman, et al., 2014), particularly in the field of climate change 

communication (Druckman & McGrath, 2019). For example, recent research demonstrated that 

incentives reduced directionally motivated reasoning in learning (Khanna & Sood, 2018). While 
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motivated reasoning may predict that most interventions will not be effective among skeptics, 

there is still the possibility that individuals—even climate skeptics—may form accuracy goals 

and thus interpret new information as evidence for climate change.  

Therefore, the expected direction of moderation based on political affiliation varies on 

two dimensions: first, whether individuals are expected to have accuracy or directional goals 

when encountering interventions; and second, the type of intervention employed. If individuals 

have accuracy goals, then their prior belief about climate change would not be expected to 

influence their processing of information, and all individuals should increase their belief in 

climate change when encountering an intervention (no matter the intervention type).11 However, 

Druckman and McGrath (2019) point out that accuracy motivations do not always lead to belief 

updating in a linear fashion. For example, if an individual desires to have an accurate view of the 

world, then it is better to pay attention to more credible sources than less credible ones. Filtering 

by source credibility becomes problematic when people from different political groups have 

different sources they perceive to be credible. As Druckman and McGrath (2019) argue, 

accuracy motivations do not necessarily lead to converging beliefs in response to identical 

information because liberals and conservatives differentially perceive pieces of evidence as 

credible. This divergence in source credibility is highlighted by the partisan sorting of trust in 

scientists, where liberal and conservative differences in trust in science vary by topic (Pechar et 

al., 2018; Washburn & Skitka, 2018). 

 
11 Importantly, this discussion of the impacts of prior beliefs is in the context of an experimental study, where the 

information is given to participants by researchers. Outside of the lab, participants may form prior beliefs by seeking 

out information in a biased manner (Flynn et al., 2017; Stroud, 2010). Therefore, even if people process information 

in an unbiased way in the lab, they still might reach politically driven conclusions outside of the lab due to 

politically diverging information sources. 



 

104 

 

 

If, when encountering information on climate change, people are expected to have 

directional goals (i.e., a specific conclusion in mind), then motivated reasoning predicts that 

information about climate change would be processed in a directional manner: conservatives 

overly critical of pro-climate information and liberals overly accepting of it. A recent meta-

analysis found evidence for bias within both liberals and conservatives: each ideology was prone 

to reject counter-attitudinal information and accept pro-attitudinal information (Ditto et al., 

2019). Liberals and conservatives displayed nearly the exact same amount of bias, and studies 

with scientific information produced the same amount of bias as other studies. This result would 

suggest that interventions are interpreted in a biased manner, leading to rejection of the 

information rather than change in attitudes. However, there are ways to persuade individuals 

even when they are motivated by directional goals. For example, interventions that frame climate 

change in a way that affirms a group’s values seem to be promising, although the evidence is still 

somewhat mixed (Dixon et al., 2017; Druckman & McGrath, 2019; Zhou, 2016).  

Given that climate change is an issue much less supported by conservatives than by 

liberals, climate change interventions are expected to work or have no effect (e.g., ceiling effect) 

for liberals. More specifically, there is evidence that conservative climate change attitudes are 

more variable and unstable than liberals’ attitudes, perhaps making them more prone to change 

(Jenkins-Smith et al., 2020). Given the aforementioned research on motivated reasoning, 

different interventions will be effective depending on whether conservative participants process 

information with accuracy or directional goals. If conservatives are motivated to form accurate 

conclusions, then interventions will be effective if they provide strong evidence for climate 

change—specifically, evidence perceived as strong by conservatives (e.g., from a conservative 

source). If conservatives are motivated to form directional conclusions, then interventions will be 
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effective if they affirm conservative values. Because of the specific nature of these two 

situations—interventions that provide strong evidence as perceived by conservatives or affirm 

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

Hypothesis  

Given the specific situations in which interventions are expected to be effective for 

conservatives, interventions overall will not be effective for conservatives. Due to the ceiling 

effect for liberals, interventions will not be effective for liberals, although there may be small 

positive effects due to liberals’ trust of climate science. Interventions may be most effective for 

moderates (e.g., Feldman & Hart, 2016), although there is less research to rely on for a strong 

prediction. 

Theoretical Moderator: Intervention Type  

 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, as 

well as hypotheses for how effect sizes within each category are expected to differ.12 In addition, 

each section will mention how the intervention type is expected to interact with political group. 

General or Scientific Information About the Effects of Climate Change 

The most straightforward way to influence beliefs about a natural phenomenon would be 

to give people facts; if they do not understand something, give them information. In other words, 

give the public scientific information then they will update their attitudes in line with that 

information. Within the field of climate change communication, the information-deficit model 

posits that increasing public knowledge will lead to an increase in public support to address 

 
12 In determining the feasibility for the current meta-analysis, an initial literature search was conducted to get a sense 

of the various types of interventions used. Interventions were grouped by types found through this initial search, and 

further categorized after independent coders provided descriptions about each study. More information on grouping 

can be found in the Method section. 
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climate change (for a review, see Suldovsky, 2017). Indeed, 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 would 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 evidence that both liberals 

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

attitudes (Washburn & Skitka, 2018). There is also evidence that the most quantitatively literate 

individuals are not immune to this bias; they may in fact be the most prone to it (Kahan et al., 

2017). Individuals who are adept with numbers can use them in biased ways, and are able to sift 

through, discount, and critique data to conform to their beliefs. Furthermore, education is 

positively associated with global warming concern for liberals, but the same relation is weak or 

even negative for conservatives (McCright & Dunlap, 2011).  

 Because this category of interventions only captures general effects of climate change—

rather than a targeted intervention for conservatives—it is not expected to be particularly 

effective for conservatives. Moreover, even if in an accuracy mindset, conservatives may not 

perceive general information about climate change as credible (Lewandowsky & Oberauer, 

2016; Nisbet et al., 2015; Pechar et al., 2018). In addition, it is unclear whether providing more 

information to liberals will be effective. Liberals may already be familiar about the effects of 

climate change and exhibit a ceiling effect (McCright, 2009). 

 Hypothesis. For these reasons, interventions that only provide general information about 

the effects of climate change will not be effective for conservatives, liberals, or moderates.   
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Scientific Consensus  

A related line of research has emerged in the past few years focused on messaging about 

agreement among climate scientists. Rather than providing people with general information 

about the effects of climate change, research using scientific consensus messaging provides 

people with the specific information that the overwhelming majority of climate scientists agree 

that climate change is human-caused. The research attempts to bridge the gap between science—

where around 97% of published papers endorse anthropogenic climate change (Cook et al., 2013, 

2016)—and the public. In 2014, researchers asked a nationally representative sample of 

Americans how many climate scientists believe in anthropogenic global warming (Leiserowitz et 

al., 2014). Only 12% of the sample correctly identified the consensus as over 90%; in fact, a 

greater percentage (16%) of the sample said that the consensus is 50-59%. Even in 2019 when 

the survey was repeated, only 22% of the sample said that scientific agreement was over 90% 

(Leiserowitz, Maibach, Rosenthal, & Kotcher, 2019). Centered around the Gateway Belief 

Model (GBM), research on this topic posits that belief about 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 been conducted to examine the effectiveness of 

consensus messaging, with many providing support for the GBM (e.g., Brewer & McKnight, 

2017; Goldberg, van der Linden, Ballew, Rosenthal, & Leiserowitz, 2019; Myers et al., 2015; 

van der Linden, Leiserowitz, et al., 2019; van der Linden et al., 2015). However, other studies 

provide evidence against the GBM and the overall effectiveness of consensus messaging—

especially when looking at attitudes such as belief and support for policy—is heavily debated 
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(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). The experimental work on consensus 

messaging is mixed about whether effective consensus messages only increase participants’ 

beliefs about the scientific consensus itself, or if they also increase climate change attitudes such 

as belief and policy support. While some studies suggest that this method of science 

communication is not as effective as expected (Dixon et al., 2017; Kahan, 2017; Kerr & Wilson, 

2018) and other studies find that it may increase political polarization over climate (Cook & 

Lewandowsky, 2016; Ma et al., 2019), the majority of work using consensus messaging finds 

that—even when it does not effectively change attitudes—it is not politically polarizing.  

Hypothesis. Given that the GBM predicts an indirect effect (rather than main effect) of 

message on climate change belief, and the mixed evidence from various studies, it is expected 

that consensus messaging will have only a minimal effect on attitudes for conservatives, 

moderates, and liberals. 

Morality  

Moralized attitudes—attitudes which are rooted in one’s sense of moral right or wrong—

are fundamentally different from non-moralized attitudes, which holds important implications for 

how they function (Clifford, 2019; Rozin, 1999; Ryan, 2017). For example, people report more 

intention to vote on moralized issues (Morgan et al., 2010), are more intolerant of groups who 

hold different opinions on moral attitudes (Wetherell et al., 2013), and are less susceptible to 

influence on moralized attitudes (Luttrell et al., 2016). Morality thus seems to play a unique role 

in attitudes and persuasion, especially for political attitudes that are constantly being challenged. 

Further complicating the fact that moralization entrenches attitudes, there is evidence that 

political conservatives and liberals have different moral values (Graham et al., 2009). Moral 
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Foundations Theory (MFT) suggests there are five moral domains, or foundations, in which 

people root their morality: harm, fairness, ingroup, authority, and purity (Graham et al., 2011). 

Whereas conservatives generally weigh each equally in their morality, liberals tend to emphasize 

harm and fairness (Graham et al., 2009). This distinction commonly arises as a focus on 

individualizing or binding foundations: liberals value the individualizing foundations—morality 

relating to the welfare of the individual—and conservatives value the binding foundations—

morality relating to the welfare of groups. Moralized political attitudes paired with separate 

moral values sets the unsurprising scene of tenacious political polarization whenever there is a 

moral issue in the political realm.  

Some evidence suggests that aligning a climate message with the moral values of its 

audience is an effective way to break through political polarization; specifically, reframing of 

climate change in terms of the binding foundations seems to be an effective way to engage 

conservatives in climate change (Feinberg & Willer, 2013; Wolsko, 2017; Wolsko et al., 2016). 

However, there are only a few studies that frame climate change messages with different moral 

foundations, so it is unlikely that analyses will be able to capture the nuance in interventions.   

Hypothesis. Given the specifics of morality (e.g., people and groups rely on different 

moral foundations), combining morality interventions will wash out targeted distinctions and 

therefore will not be effective for conservatives, liberals, or moderates. However, isolating 

studies that reframe climate change in terms of binding morality will be effective at increasing 

support for climate change, especially among conservatives.13 For that reason, effect sizes for 

 
13 After conducting the search, I found only three reports using a binding morality intervention, and furthermore I 

was only able to retrieve data from one experiment within those reports. Therefore, morality constituted just one 

category in the intervention type moderator (rather than being split by individualizing versus binding foundations). 
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conservatives are expected to be larger than those for liberals or moderates when climate change 

is reframed in terms of binding morality. 

Emotion 

Because of the potential catastrophic effects of climate change, discussion on the topic 

often creates panic, 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). 

Social science researchers also have debates on the same topic. Meta-analyses on fear appeals 

suggests that fear may be an effective motivator depending on other aspects of the message 

(Tannenbaum et al., 2015; Witte & Allen, 2000). Although fear-based messaging in general 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, like hope, and climate change attitudes. For example, Smith and Leiserowitz (2014) 

present correlational evidence of the relation between hope and interest with global warming 

policy support. In reviewing evidence about the role of emotion in climate change 

communication, Markowitz and Shariff (2012) advocate for positive emotional messages rather 

than negative ones. They summarize evidence that suggests evoking positive emotions in climate 

change messages not only can spur pro-environmental behavior in other domains, but it also can 

prevent a defensive or boomerang reaction by those most prone to it—specifically climate 

change skeptics and conservatives.  

However, Chapman et al. (2017) heavily criticize emotional messages as an effective tool 

in climate change communication. They argue that emotions cannot be straightforwardly 

manipulated using a single message. Responses can include a mix of emotions: a message may 

induce fear along with hope, guilt along with disgust, etc. Mixed emotional responses make it 
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difficult to causally attribute a discrete emotion to a specific result, and emotions are too 

complex for communicators to manipulate messages and have confidence in the outcome. 

Additionally, there is little research on the effects of emotion over time, and few experimental 

studies in the domain of climate change test the role of emotions. Lastly, the authors argue that 

emotional messages have different effects on different people. Whereas some people respond to 

a message with fear, others will respond with defensiveness. The uncertain relation between 

messages and how they are perceived emotionally makes it risky for communicators to rely on 

emotions as drivers of climate change policy support. Because of the range of responses they can 

provoke, the effectiveness of emotions relies on the combination of the emotion used to 

influence attitudes and the audience receiving the message.  

Hypothesis. Because the current meta-analysis will be combining all emotion 

interventions—and thus washing out the nuance of emotions matched with audiences—these 

interventions will not be effective for conservatives, moderates, or liberals.14 

Psychological distance 

Because climate change is an abstract, hard to grasp, and slow-moving (at least on a daily 

or monthly time scale) concept, it is difficult for people to feel urgency towards 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), research using psychological 

distance manipulations attempt to make climate change feel closer psychologically (if not 

physically) for people; these manipulations include highlighting the geographically near effects 

 
14 Although the current meta-analysis was not able to find enough emotion-related studies to group them by emotion 

(e.g., fear, hope, etc.), future meta-analyses on the topic should continue to consider the differential effect of 

emotions. 
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of climate change, pointing out the short term effects of climate change, or illustrating the effects 

of climate change on people that are socially close (or perceived as close) to the audience of the 

experimental message (Chu & Yang, 2019; Fielding et al., 2014; Schuldt et al., 2018; Trope & 

Liberman, 2010). Some evidence suggests that people have stronger attitudes towards climate 

change the closer they feel to it (A. S. Singh et al., 2017). Similarly, the local weather effect 

posits that there is a link between people perceiving the weather as warmer and belief in climate 

change, although the evidence for this effect seems to be mixed (Howe et al., 2019). Although 

theoretically expected to increase climate change attitudes, the evidence for psychological 

distance is mixed (McDonald et al., 2015), perhaps because of the potential for reduced distance 

to increase fear (Spence & Pidgeon, 2010). This leaves some doubt as to whether these 

manipulations will be effective overall.  

Hypothesis. For these theoretical reasons, interventions making climate change feel 

psychologically near will be effective for conservatives, moderates, and liberals, while those 

making it feel psychologically far will not be effective for any political group.  

Other Interventions: National Security 

Researchers have also used national security as a way to influence climate change 

attitudes. These manipulations highlight the benefits of addressing climate change for national 

security (e.g., increased energy independence, decreased war over drought, etc.). National 

security—although generally not explicitly framed as a moral issue—is related to the moral 

foundation of ingroup/loyalty. America can be conceived as the ingroup, with patriotism as a call 

for more loyalty to this ingroup (e.g., Wolsko, 2017; Wolsko et al., 2016). Therefore, it follows 

that national security may be seen as more relevant for conservatives than for liberals. Indeed, 

conservatism is associated with concerns related to security. In a meta-analysis of political 
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ideology and personality, Jost et al. (2003) found that conservatism was significantly associated 

with death anxiety, system instability, uncertainty tolerance, and fear of threat and loss—all 

constructs related to security. If increased national security is an outcome of addressing climate 

change, conservatives should be particularly motivated to support efforts to stop climate change.  

Despite the theoretical promise of pairing national security with the environment for 

conservatives, the experimental research is mixed. Singh and Swanson (2017) gave participants 

information about the consequences of climate change and, in one of the conditions, they framed 

climate change as a threat to national security. The frame did not increase Republicans’ or 

conservatives’ support for stopping climate change. Feygina et al. (2010) also used an appeal to 

support the environment framed in terms of national security. They found the appeal increased 

high system-justifying individuals’—a construct closely related to conservatism—pro-

environmental behavioral intentions. Aklin and Urpelainen (2013) used a national security frame 

in an attempt to increase support for clean energy and found limited evidence of the frame’s 

effectiveness for the whole sample. They did not report interactions with politics, so it is unclear 

if the frame differentially persuaded liberals and conservatives. Although national security is 

generally considered a conservative value, it could also be seen as reframing climate change to 

appeal to the common ingroup—the nation—and therefore still appeal to U.S. liberals (Wolsko, 

2017). Therefore, there is reason to expect that national security would be an effective strategy 

for liberals as well. Due to their broad nature, issues of national security tap into conservative 

morality while still appealing to liberals. 

Hypothesis. For these reasons, national security interventions will be particularly 

effective for political conservatives, but also effective for moderates and liberals. 

Economy 
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Economic interventions highlight the economic benefits of addressing climate change 

(e.g., the economic benefits of climate change policies) or the economic harms of failing to 

address climate change (e.g., economic costs of severe weather). These interventions rely on the 

widespread support among Americans for a healthy economy. For example, months before the 

previous election in 2016, a Pew Research Center poll showed that 90% of Trump supporters and 

80% of Clinton supporters listed the economy as a “very important” issue in the election (Pew, 

2016a). These high percentages suggest that this issue is important for both ideologies, even if 

they do not agree on the way to address it. If climate change can be connected to improving the 

economy, then it would be in most Americans’ interest to mitigate it or at least acknowledge that 

it is a problem. It would seem that both conservatives and liberals would be motivated to address 

climate change if they are given information that it will impact the economy.  

While Americans generally want a strong and healthy economy, conservatives may be 

particularly attuned to economic issues. Conservatism as an ideology generally favors small 

government and a free market economy (e.g., Crowson, 2009; Everett, 2013). In a 2016 poll, 

58% of Republicans said that stricter environmental regulations cost too many jobs and hurt the 

economy, whereas only 17% of Democrats said the same thing (Pew, 2016c). 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 what 

they value.15  

 
15 ‘Economy’ may have some nuance as a category. Generally, conservatives support the free market whereas 

liberals favor government regulation. A manipulation that highlights the ability of the free market to stop climate 

change is slightly different than a manipulation 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 my ability to distinguish between types of economic interventions.  
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Hypothesis. Providing people with information about the economic impacts of climate 

change will be an effective intervention for conservatives, moderates, and liberals. 

Religion 

The last intervention category involves manipulations that focus on the religious aspects 

of climate change. These interventions generally take on two forms: arguing for environmental 

action by relying on religious values or texts, or highlighting a religious figure’s (e.g., Pope 

Francis) support for environmental causes. Most research on religion and climate change (and all 

of the studies included in the current meta-analysis) focuses on Christianity specifically, finding 

that some Christian denominations report low belief in climate change whereas others have 

relatively high belief, depending on political ideology (Ecklund et al., 2017; Leiserowitz et al., 

2015; Smith & Leiserowitz, 2013). Experimental manipulations 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. Additionally, 

research has investigated the effectiveness of informing people about the Catholic pope’s 

environmentally focused encyclical, which has garnered much attention and support from 

Christians (Maibach et al., 2015). However, given the specific nature of religious interventions, it 

is unlikely that they would have an effect for an entire sample or across multiple studies in this 

meta-analysis.  

Hypothesis. Religious interventions will not be effective for conservatives, moderates, or 

liberals, although they may be effective for Christians specifically. 

Theoretical Moderator: Type of Climate Change Attitude 

 The third and final theoretical moderator is the type of climate change attitude. Attitudes 

can include measures of belief in natural climate change, belief in anthropogenic climate change, 
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concern about climate change, support for climate change mitigation policy, and many others. 

Public polling data reflects differences in opinions across these attitudes. For example, a recent 

poll found that around 72% of Americans believe in global warming, 59% belief it is human-

caused, 66% are at least somewhat worried about it, and 46% have experienced its effects 

(Leiserowitz, Maibach, Rosenthal, & Kotcher, 2019). A similar recent poll found that 52% of 

respondents believed that climate change should be a top priority for the president and congress 

(Pew, 2020). Just as the polling numbers reflect slight differences in beliefs between these 

climate change attitudes, research suggests that there is somewhat of a hierarchical relation 

between these variables: belief in climate change leads to policy support, implying that policy 

support occurs only after one acknowledges climate change (Ding et al., 2011; McCright et al., 

2013; van der Linden et al., 2015). In other words, there is belief in the phenomenon and cause, 

concern due to this belief, and support for action to be taken (e.g., policy support) due to 

concern; the direction ostensibly flows from belief to concern to support for action. In a meta-

analysis discussed earlier, Hornsey, Harris, et al. (2016) provided evidence that the link between 

climate change belief and policy support is a weak one, suggesting distance between the two 

attitudes. Moreover, support for a policy to address climate change could 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 harder for interventions to increase policy 

support.  

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

these dependent variable types. As public opinion polling has found, liberals show high belief in 

both natural and anthropogenic climate change, whereas many conservatives believe that the 
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earth is warming but it is not due to human activity (Pew, 2016b). This asymmetry would 

indicate that the divide between liberal and conservative attitudes is stronger with anthropogenic 

compared to natural climate change. Belief in anthropogenic climate change requires a stronger 

policy reaction—if one believes the earth is warming due to human activities, then it can be 

stopped by human activities. On the other hand, one can acknowledge the existence of natural 

climate change and admit that humans cannot stop it. If human activity does not affect the 

climate, then human solutions seem unlikely to mitigate negative consequences. It also makes 

sense that policy support flows from belief: if one does not believe climate change is happening, 

then there is no point in policy to stop it. Research suggests that support for climate change 

policy might be diminished within conservatives because of the regulatory nature of policy 

(Campbell & Kay, 2014). Because policies often involve government regulation, conservatives 

may be especially wary of a climate change policy that is not explicitly defined as free market 

friendly. This finding would imply that liberal and conservative differences in climate change 

policy support might be even more exacerbated than they are in climate change beliefs.  

 There is, however, other research that would suggest 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). Some recent polling suggests 

that Trump voters support policies such as increasing renewable energy, regulating pollutants 

that cause global warming, and funding more research in clean energy (Leiserowitz et al., 2017). 

This same poll found that policy endorsement was stronger among Trump voters than was belief 

in global warming. Corroborating these attitudes, a recent media article summarized data from 

the Energy Information Administration and noted that many of the country’s top wind energy 

producing states were won by Trump in the most recent election (Gillis & Popovich, 2017). 
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Therefore, although there seems to be more evidence to suggest that liberals and conservatives 

would respond differently to different measures about climate change, it would not be surprising 

if politics did not interact with attitude type. Importantly, given that the current meta-analysis is 

focused on climate change policies, there may be less conservative support for the policies 

included in this meta-analysis than for other general environmental policies such as recycling 

policies.16 

Hypothesis 

Interventions will be more effective on belief in climate change than for support for 

climate change policy, particularly for conservatives.  

Methodological Moderator: Sample 

The type of samples that interventions use may play a part in how effective those 

interventions are. Many studies in 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 would imply that interventions that are particularly effective for liberals are 

 
16 Relatedly, there is a line of research that investigates how dependent variables 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 work shows that Independents are especially affected by the phrase choice (Benjamin et al., 

2017). As this line of research involves the difference between “global warming” and “climate change”, it is unclear 

as to whether interventions using one phrase or the other would be more effective. In the current meta-analysis, 

attitudes from experimental conditions are compared to those from control conditions; therefore, the analysis 

compares intervention effectiveness (treatment vs. control) between “global warming” and “climate change” rather 

than comparing just raw means between these phrases. I do not have a theoretical prediction as to whether 

interventions are more influential if they use the term “global warming” or “climate change.” 
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also more effective for MTurk samples than those that are nationally representative. On the other 

hand, 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; Paolacci et al., 2010).  

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

psychology studies (Sears, 1986). There is recent evidence that college students pay less 

attention to online studies than do MTurk workers (Hauser & Schwarz, 2016). Furthermore, 

Americans with a college degree (58%) and millennials (59%) are more likely to identify as 

Democrats (Pew, 2018). Some polling evidence suggests that young Republicans and young 

people in general are more supportive of action to curb emissions (Mooney et al., 2014). Another 

recent poll shows that, among American adults under 30, 77% 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 30-49 for the environment and climate change, 

respectively. This generation shift would imply that college student conservatives might be less 

conservative than the average American conservative. There may potentially be a ceiling effect 

for college students, such that interventions are not effective simply because college students 

already have extremely strong attitudes towards climate change. Indeed, if samples vary on 

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

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

Hypothesis 

Sample will explain variation in effect sizes, such that interventions will be more 

effective (larger effect sizes) for studies using nationally representative and MTurk samples than 

for those using college students.  
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The Current Meta-Analysis 

 This meta-analysis quantitatively synthesizes interventions for influencing climate 

change attitudes. Based on the theoretical and methodological moderators in the previous 

section, I hypothesize that interventions will generally not be effective for conservatives, and 

may be especially effective for moderates due to their (probable) absence of a ceiling effect 

(which would be expected for liberals) along with lack of strong partisan identity (which would 

spur motivated reasoning, expected for conservatives). I hypothesize that effect sizes will vary 

based on intervention type. In particular, interventions that reduce the psychological distance of 

climate change are most promising across all political groups. For conservatives in particular, 

economic and national security interventions have potential to include higher effect sizes than 

other types. I also hypothesize that the type of attitude will explain variation in effect sizes, 

specifically that—for conservatives especially—effect sizes will be larger when attitudes are 

measured with belief in climate change than with policy support. Lastly, I hypothesize that 

studies that rely on college students will have smaller effect sizes than studies that use nationally 

representative or MTurk samples. As described below, I conducted a large literature search to 

identify eligible studies, coded the effect sizes and moderators for each study, and meta-analyzed 

the effect sizes, including moderator analyses to test if each moderator explained variation in 

effect sizes. 

 

Method 

Inclusion and Exclusion Criteria 

Inclusion Criteria 
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Studies had to meet the following three main criteria to be included in the meta-analysis: 

1) random assignment of participants into study conditions (i.e., experimental or control), 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. 

 Climate Change Attitudes. Studies needed to include some measure of climate change 

attitudes to qualify for the meta-analysis. Because of the focus on attitudes, I limited the 

population of studies to those that measured attitudes rather than actual behaviors or behavioral 

intentions. Other meta-analyses have studied pro-environmental behavior (e.g., Maki et al., 2016; 

Maki et al., 2019), household energy use (Karlin et al., 2015), and the relation between climate 

change attitudes and behavior (Hornsey et al., 2016). The focus of the current analysis is 

specifically on attitudes. 

Importantly, studies were also included if they measured attitudes towards a climate 

change policy. The attitude towards a policy can be synonymous with behavior intention (e.g., 

would you vote for a cap-and-trade policy), somewhat blurring the distinction between attitude 

and behavior. I included studies that measured support for a climate policy, but did not include 

studies that only measured willingness to pay for a policy or any other measure of willingness to 

pay. Along with distinguishing between behavior and attitudes, I also only included studies that 

measured attitudes towards climate change or policies directly related to climate change. For 

example, Xu et al. (2015) utilized an experimental manipulation to shift attitudes towards saving 

energy, but was framed as saving the environment rather than focusing on climate change. 

Exclusion Criteria 
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Because of the focus of the meta-analysis on American polarization and climate change, 

studies were excluded if their samples were comprised of participants outside the United States. 

American politics are unique, as are those of any other country. Empirical evidence substantiates 

this point: a recent study by Hornsey et al. (2018) compared data from 25 countries and found 

that the link between conservative politics and climate change skepticism was the strongest in the 

United States. The authors suggested there is something unique about American politics that 

unites climate change skepticism and conservatism. Relations between politics and climate 

change attitudes may not only be different in other countries, but the makeup of political 

ideologies and parties in general is much different. Accordingly, studies were only included if 

they used U.S. participants.   

Additionally, due to the focus on climate change, studies were excluded if they only 

measured general environmental attitudes or attitudes towards non-climate change related issues 

(e.g., fracking). Studies about recycling (too distant) or household energy use (actual behavior) 

were also excluded.  

Abstract Screening 

I conducted the abstract screening and removed abstracts that clearly were: 1) non-

primary research, 2) non-English abstract, 3) non-random assignment, 4) not measuring 

environmental attitudes, 5) no experimental intervention to change climate change attitudes, or 6) 

a non-US sample. The abstract screening tool can be found in Appendix B. Abstracts were 

retained if they possibly measured environmental attitudes and passed all other abstract screening 

criteria (i.e., the distinction between environmental vs. climate change attitudes was not made 

until full-text screening). 

Full-Text Screening 
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For any study without an abstract, any study for which all abstract screening criteria was 

met, or any study that was ambiguous about the criteria, I screened the full-text for exclusion and 

inclusion criteria.  

Searching the Literature 

 The search was conducted using Web of Science, PsycINFO, and Communication 

Abstracts between early February and mid-November 2019. In early 2020, the search was 

updated by searching each database for all of 2019. As displayed in Table 3.1, the search terms 

keyed on three aspects of targeted experiments: measuring attitudes, using an experimental 

design, and investigating the topic of climate change. I also emailed six of the authors with 

multiple studies selected for inclusion if they knew of any unpublished data on the topic. I sent 

an email to the Society for Personality and Social Psychology listserv with a request for 

unpublished data on the topic. Table 3.1 presents an overview of the search terms used.  
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Table 3.1  

 

Search Categories and Terms Used 

 

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). 

 

Coding Studies 

 The full coding protocol is shown in Appendix B. Studies were coded for general 

characteristics about the report (e.g., type of publication), the sample (e.g., proportion female, 

where the sample was recruited from), the intervention (e.g., category and description), and the 

effect size. Each effect was coded by me and 83% of the effects were coded by one other trained 

researcher (e.g., research assistant or graduate student).17 Agreement was calculated for the 

coding of each moderator (see moderator section) as well as for all effect sizes. For categorical 

moderators, agreement was calculated using Cohen’s kappa (unweighted), and for g and v as 

 
17 For two of the moderators (intervention medium and direction), 100% of effects were double coded. 
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well as for continuous moderators, agreement was calculated using the intra-class correlation 

coefficient (ICC) with absolute agreement. Discrepancies were then resolved through discussion, 

therefore ultimately dropping the percentage of disagreement to zero after discussion (Dent & 

Koenka, 2016). 

Moderators  

Politics 

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

Democrats, conservatives or Republicans, and moderates or 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 available, I 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, I requested and used the political 

measure that was available in the report. Sometimes, after asking an initial question to measure 

political party, studies included follow-up questions to probe if participants leaned towards one 

party or another. I calculated the effect size or requested data based on how the study grouped 

participants (i.e., if they included leaners then I did as well); if the study did not specify, then I 

did not include leaners. 

If politics was not measured categorically, it was typically measured continuously with 

Liberal on one end of the scale, Conservative on the other, and Moderate at the midpoint. 

Whenever the author reported a continuous scale, I separated it into those below the midpoint, 

those at the midpoint, and those above the midpoint (moderates always at the midpoint, and 

liberals/conservatives below or above depending on the direction of the scale). If the authors 

included their own measure of ideology or party, I categorized it as they did in the paper. There 
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were two special cases of measuring politics. The first was a scale of support for the free market, 

used by the author of two reports as a measure of conservatism. Because the scale was an index 

of multiple items, it could not be easily separated into those scoring below the midpoint, at the 

midpoint, and above the midpoint of the scale (in other words, scores were often decimals rather 

than exactly at the midpoint, in contrast to the single-item measures of politics). To calculate and 

when requesting effect sizes for studies that used this 1 to 5 scale, I specified that those 

averaging below 2.5 be categorized as liberals, those between 2.5 and 3.5 (inclusive) as 

moderates, and those above 3.5 as conservatives. This method was used to best approximate how 

those individuals would be categorized on a single 5-point item (i.e., 1-2 liberal, 3 moderate, 4-5 

conservative).  

The second special case was used in one report where the authors measured cultural 

values by giving participants scales on hierarchy and individualism. As in Kahan et al. (2011), I 

categorized participants into hierarchical-individualists (scoring above the median on both 

hierarchy and individualism) and egalitarian-communalists (scoring below the median on both 

hierarchy and individualism). Similar to a left-right measure of politics, egalitarian-communalists 

support environmental causes while hierarchical-individualists tend to be dismissive of 

environmental risks (Kahan, 2010).  

Intervention Category 

In the coding protocol (Appendix B), I outlined seven categories that I 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., discussed the effects of climate change and emphasized how they are occurring nearby or 
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far away), coders selected each category that applied to an experimental condition. For the most 

part, this classification lead to mutually exclusive categories among the six expected intervention 

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

specifically information about the effects of climate change: while 35% of manipulations 

included information about the effects of climate change, only 9% of manipulations exclusively 

contained this intervention. Therefore, I categorized interventions as effects of climate change if 

that was listed as the only category. Additionally, three studies included both consensus and 

emotion manipulations within one experimental condition; to separate these, I categorized them 

into their primary focus (one study was interested in emotions and the manipulation included 

consensus information, Skurka et al., 2019, while the other two were studying consensus and the 

manipulations included emotion as well, Brewer & McKnight, 2017; Clarke et al., 2019). All 

other interventions fell into only one of the remaining categories (excluding the “Other” 

category).  

 Additionally, a number of interventions in the “Other” category coalesced into a few 

themes: national security, religion, and economy or free market (smaller categories also 

emerged, but with very few studies). I tested the original categories as outlined above, then 

expanded the number of categories to include these additional three. This expanded 

categorization led to three new overlapping situations. First, one study included an intervention 

that was categorized as both morality and religion; since the study was clearly focused on 

religion, I grouped it into the religious category (Shin & Preston, 2019). The second two overlaps 

were much harder to disentangle: one included an equally moral and economic intervention 

(Albertson & Busby, 2015), and another included a scientific consensus manipulation crossed 

with separate moral and religious manipulations (Dixon et al., 2017). Because both of these 
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studies were focused on orthogonal manipulations, they did not clearly focus on one category or 

the other. Therefore—when categorizing experimental conditions that contained both 

manipulations—I classified them into whichever manipulation was more in depth. There was 

slightly more economic information than moral information (resulting in an economy 

classification), and both more moral and religious information than scientific consensus 

information (resulting in a moral or religious classification, respectively). I conducted moderator 

tests 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 = .80) and the expanded types (k 

= .80) indicated substantial agreement between coders (Landis & Koch, 1977). 

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

direction emerged as an important classification for experiments. As I was coding studies, I 

realized that some interventions were intended to lower participants’ belief in climate change (or 

at least would be expected to lower belief). 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 the misinformation and a debunking of the misinformation). For 

example, one study presented participants with a misstatement that sea-ice levels are at record 

highs; in another condition, participants in this study also received a correction to the 

misstatement (Porter et al., 2019). To avoid confounding effect size estimates by combining data 

from interventions designed to increase belief in climate change with those intended to decrease 

it, I coded whether interventions were positive (i.e., presenting information to increase belief in 

climate change), balanced (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 
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presented a skeptic’s viewpoint as a way to reveal the weakness of the skeptic’s 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 balanced and negative interventions (coded 1 for each). There was 

moderate agreement between coders on intervention direction (k = .58).18 

 Intervention Medium. Another category that emerged after I began my search was the 

type of medium in which interventions were delivered. Some were short text blurbs, others were 

videos, and others included images or maps of climate change effects. I coded this moderator 

into five categories: Text, Video, Image or map, Text plus image or map, and Other. I grouped 

the categories into three groups: Text, Video, Image or map, and Other. Studies with both images 

or maps and text were grouped into the image or map category. One study included both a table 

and text and was grouped into the Text category. Coders had substantial agreement for this 

moderator (k = .79). 

Control Type. As a methodological moderator, I coded the type of control condition 

within each experiment. Coders sorted control conditions into five categories (list of options in 

the coding protocol, Appendix B), ranging from no information at all to a brief definition of 

climate change. Because most of the interventions used either no information or an unrelated 

task, I grouped this moderator into three categories: no intervention, a task unrelated to the 

environment or climate change, and other (k = .91).  

 

 
18 The low agreement for this variable might be driven by two factors. First, the variable as a potential moderator 

emerged during the coding process and therefore coders spent less time training with this variable than they did with 

other moderators. For example, removing disagreements where the coders did not actually disagree but rather there 

were coding mistakes, the agreement increases to substantial (k = .64). Second, this variable is hard to define, and 

coders had detailed discussions about the nature of interventions and specific hypotheses within studies. However, 

the coders agreed on all of the coding at the end and there were only a few interventions that were difficult to 

confidently categorize. 
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Dependent Variable Category 

Before coding, I specified eight potential categories, including an “Other” option (see 

coding protocol in Appendix B). Upon collecting data from the included studies, two themes 

emerged. First, coders often had disagreements between dependent variables classified as risk 

and those classified as predicted impacts of climate change. Disentangling the risk of climate 

change from its expected impacts was not always clear; therefore, I combined these two 

categories together (similar to how risk was grouped in Leiserowitz, Maibach, Rosenthal, & 

Kotcher, 2019). Second, a few new categories of variables developed from within the “Other” 

category: personal responsibility for addressing climate change, harm of climate change, 

negative affect towards climate change, government responsibility to address climate change, 

and support for action to address climate change. Given the similarities of some of these 

categories to the initial coding protocol categories, I combined some of them. Similar to the 

grouping used in Leiserowitz, Maibach, Rosenthal, and Kotcher (2019), I added harm of climate 

change into the risk category and negative affect into the worry category. Additionally, I 

categorized both government responsibility and support for action as part of climate change 

policy. As the coders discussed discrepancies, there was an agreement that any government 

involvement most likely involved policy, linking the two constructs. Support for action, 

similarly, has been used to represent policy support and capture people’s desire for public action 

to address climate change (van der Linden, Leiserowitz, et al., 2019; van der Linden et al., 2015). 

After making the aforementioned combinations, I analyzed dependent variable type with its 

updated five categories: belief in natural climate change (20% of dependent variables), belief in 

human-caused climate change (20%), concern or worry about climate change (9%), risk of 
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climate change (14%), support for climate change policy (22%), and other (14%).19 Coding 

agreement calculated with the original coding categories (k = .80) and the updated categories (k 

= .86) showed substantial and nearly perfect agreement, respectively. 

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

dependent variable, we also coded whether the variable asked about participants’ beliefs towards 

climate change, global warming, both, or neither. In moderator analyses, I only compared the 

effect sizes coded as global warming and climate change (k = .81) and tested the interaction with 

political group. 

Sample Type 

Coders selected from six options to categorize samples: College students, Amazon 

Mechanical Turk (MTurk), YouGov, Qualtrics Panel, GfK, and Other. Most studies used MTurk 

(22 samples, 30%), college students (14 samples, 19%), Other: Survey Sampling International 

(SSI; 8 samples, 11%), and Other: Qualtrics Panels (6 samples, 8%). The rest of the sample types 

were widely distributed and none were used by more than 2 independent experiments. 

Additionally, I categorized samples as being nationally representative and used this as a separate 

moderator. Coders showed nearly perfect agreement for both sample type (no discrepancies, k = 

1) and whether a sample was nationally representative (k = .83). 

Sample Demographics 

To examine the effect of demographic variables, I coded the average age (or median 

when mean was not available) for each experiment (k = .77),20 the percent of the sample that was 

female (k > .99), and the percent of the sample that was white (k > .99). The number of reports 

 
19 I also analyzed this variable using the original categories listed in Appendix B, and the pattern of results remained. 

20 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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and effect sizes vary for each because these data were not available for every study. Although 

polling data suggests that climate change attitudes vary by demographics, I did not have 

theoretically driven predictions about how intervention effectiveness would vary by these 

demographic moderators (Pew, 2020).  

Report Characteristics 

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 data). Publication type was grouped as published compared to unpublished and 

tested as a moderator. 

Effect Size Calculation 

Standardized Difference Between Means (SMD) 

The SMD between each treatment and control was calculated using Hedges’ g (Hedges, 

1981). Because Cohen’s d tends to overestimate the population mean difference in small samples 

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

samples (Lakens, 2013). Because I split effect sizes by condition and political group (i.e., an 

effect size for each political group within each treatment condition), the samples tended to be 

small. Therefore, I calculated Cohen’s d and v for each effect size and applied the correction for 

small samples used by Hedges’ g: 

J  = 1 −
3

4df− 1
 

g = J × d 

where df is n1 + n2 – 2. The correction factor, J, ranges from 0 to 1. Therefore, the absolute value 

of g is always less than the absolute value of d, although the difference between the two becomes 

extremely small as sample size increases (Borenstein et al., 2009). The variance of g is: 
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Vg = J2 × Vd 

 I calculated all effect sizes using the effect size calculator from the Campbell 

Collaboration (Wilson, n.d.), and 83% of effect sizes were also coded by another trained 

researcher (ICC for d = .88; ICC for v = .90). Discrepancies (where differences in d were greater 

than 0.01 and for v greater than 0.001) were then resolved by discussion. For studies with 

continuous dependent variables, I calculated effect sizes from the sample sizes, means, and 

standard deviations reported in the article. If those were not reported, I emailed the author and 

requested the sample sizes, means, and standard deviations for each dependent variable separated 

by condition and political group (I also accepted raw data). For one study, the author reported the 

unstandardized regression coefficient for the difference between treatment and control (no 

covariates in the model), as well as the sample sizes. I emailed the author (and received) the full 

sample standard deviation, calculating the effect size using sample sizes, the full sample standard 

deviation, and the unstandardized coefficients. For dichotomous dependent variables, I 

calculated effect sizes using the proportion of participants scoring 1 in each condition. All effect 

sizes were calculated such that larger effects corresponded to higher levels of climate change 

attitudes (e.g., more belief, more concern, more worry, more policy support). If studies included 

dependent variables in the opposition direction (e.g., climate change skepticism), I flipped the 

sign of the calculated effect size.  

Analytical Plan 

Dependent Effect Sizes 

Two key aspects of the meta-analytical design resulted in a large number of dependent 

effect sizes. First, I compared each treatment to a control condition; in experiments with more 

than one treatment, participants in the control condition contributed to multiple effect sizes. 
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Some experiments included numerous treatments (up to 8 different experimental conditions), and 

therefore contributed multiple effect sizes with control condition participants supplying data to 

each of those effect sizes. The second origin of dependency was due to multiple dependent 

variables per experiment (e.g., belief in climate change, worry about its effects, support for a 

climate policy). The same participants in an experiment contribute to each dependent variable, 

but I calculated a separate effect size for each dependent variable, leading to non-independent 

effect sizes.  

Because many experiments contained multiple treatments and multiple dependent 

variables, I had many more effect sizes than independent experiments or samples (Scammacca et 

al., 2014). Traditional meta-analysis assumes that each effect size is independent (Borenstein et 

al., 2009), requiring me to deal with the dependencies in the data. Traditionally, meta-analysists 

have dealt with dependent effect sizes by aggregating across multiple measures and comparing 

the aggregated effect sizes, which are independent (Scammacca et al., 2014; Tipton, 2015). For 

example, if participants in a study contribute to multiple outcome measures, the meta-analyst 

could run a separate meta-analysis for each outcome measure. If the meta-analysist desires to use 

all of the information available (rather than aggregating effect sizes), they can use multivariate 

meta-analytical techniques, but these methods require abundant information about the covariance 

structure of estimates which is often hard to acquire (Tipton, 2015). A third option is robust 

variance estimation (RVE), which is a random-effects meta-regression technique that accounts 

for dependent effect sizes within each experiment (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), includes meta-regression moderator tests (Tipton & Pustejovsky, 2015), 
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and is easy to implement with current statistical software (Fisher & Tipton, 2015; Tanner-Smith 

et al., 2016). Relying on the robumeta package (Fisher & Tipton, 2015) in R, I used RVE in the 

current meta-analysis because it allowed me to utilize the maximum amount of information from 

the included studies (e.g., using all dependent variables) while still being straightforward to 

implement.  

Weighting 

In traditional meta-analysis, each effect size is given a weight of the inverse of its 

variance. RVE uses a slightly different weighting scheme, where 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). The weighting scheme used by RVE 

is slightly different for a correlated effects model—one in which dependent effect sizes arise 

from multiple outcomes per sample or a shared control group for multiple treatment conditions—

than for a hierarchical model—where dependent effect sizes arise from studies nested within 

larger units (e.g., multiple experiments in one study or multiple studies within the same lab). 

Because most of the dependencies in the dataset were due to multiple measures and a shared 

control group, I used a correlated effects model and the corresponding weighting scheme 

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

Quantifying Heterogeneity 

Traditionally, heterogeneity is quantified and moderators are tested using the test statistic 

Q, given by the formula: 

 Q =∑Wi(Yi − M)2

k

I =1

 



 

136 

 

 

where Wi is the weight of each study, 1/Vi (Vi is the variance of the effect size of a study), Yi is 

the study effect size, M is the summary effect size, and k is the number of studies (Borenstein et 

al., 2009). Q is effectively a weighed sum of squares, taking every experiment’s deviation from 

the mean effect size, squaring it, and weighting it by the inverse of its within-study variance. The 

expected amount of variation in a collection of studies is given by: 

df = k− 1 

where k is the number of studies. The following formula measures the excess variation in a set of 

studies:   

Q − df 

This formula tells us how much variation is observed in the set of studies compared to how much 

variation one would expect simply based on the number of studies. Under the null hypothesis, Q 

is distributed on the chi-squared distribution with df  = k – 1 (Borenstein et al., 2009). Locating Q 

on a chi-square distribution allows researchers to calculate a p-value for Q and determine if there 

is a significant amount of heterogeneity among the studies (beyond chance alone). 

 To determine the best test for heterogeneity using RVE, Tipton and Pustejovsky (2015) 

conducted a simulation study using a modification of the traditional Q measure, as well as other 

measures of heterogeneity with small-sample adjustments. The researchers found that an 

Approximate Hotelling-Zhang (AHZ) test outperformed all other tests, especially with small-

samples, in controlling the Type I error rate. Therefore, I used the AHZ test for moderator 

analysis, implemented with the clubSandwich package (Pustejovsky, 2020) in R as 

recommended by Tanner-Smith et al. (2016). I2 and T2 were also calculated to quantify overall 

heterogeneity. I2 captures the ratio of the excess variation (reflecting true differences between 

effect sizes) to total variation among studies. The statistic is not an estimate of a population 
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parameter but rather a descriptive statistic (Borenstein et al., 2009). As the sample estimate of the 

population parameter Tau-squared (τ2), T2 measures the variance that can be attributed to real 

differences between effect sizes. The bigger T2, the greater the true differences are between 

effect sizes. A smaller T2 and therefore a narrower distribution of effect sizes suggests less 

variation between true effect sizes. 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). I will use the default assumed correlation of .80, but test 

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

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

2010; Tipton, 2015).  

Results 

Retrieving Effect Sizes 

 Shown in Figure 3.1, we identified 74 reports that fit the inclusion criteria, including one 

unpublished dissertation, one dependent variable and condition that were not originally reported 

in an article, and three unpublished reports. Out of the 74 reports selected for inclusion, 16 

reported the necessary information to calculate effect sizes.21 I emailed the corresponding author 

of the other 58 reports and received 44 responses that included the necessary data to calculate 

effect sizes, resulting in a final sample of 60 reports. Because some of the reports included 

multiple experiments using independent samples, the total number of independent experiments 

was 73. I calculated k = 387 effect sizes from these 73 experiments, with the average 

 
21 For one study included in this count of 16, the data were available for the full sample but I was unable to retrieve 

the effect sizes broken down by political group.  
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independent sample contributing 5.3 effect sizes. For each experiment, I calculated an effect size 

for the whole sample, as well as an effect size for liberals, conservatives, and moderates 

separately. When politics is not included as a moderator in the following analyses, the meta-

analytic calculations are based on the effect sizes for the full sample.  

Summary Effect  

Overall, interventions did not have a statistically significant impact on climate change 

attitudes, g = 0.03, 95% CI [-0.01, 0.07], p = .16. Importantly, however, there was a large 

amount of heterogeneity between studies, I2 = 80.46, as expected due to the varied nature of 

interventions. I first tested for moderation by intervention direction in order to exclude 

interventions that were intentionally aiming to lower climate change attitudes (e.g., providing 

misinformation about climate change). As expected, intervention direction was a significant 

moderator of effect size, F(11.89) = 23.74, p < .001, with negative interventions having 

significantly more negative effects on climate change attitudes compared with positive 

interventions, b = -0.44, 95% CI [-0.58, -0.30], t(9.10) = -7.03, p < .001. Balanced interventions 

were not significantly different than positive interventions, b = -0.07, 95% CI [-0.14, 0.004], 

t(10.25) = -2.11, p = .06. The quantitative evaluation of negative interventions—their drastically 

negative effect on attitudes—reflects the theoretical reasoning behind coding them as negative 

and separating them from other interventions. For the remaining analyses, I excluded the 

negative interventions (23 effect sizes from 12 studies) to evaluate the effect of positive and 

balanced interventions on attitudes. 

After this exclusion of negative experimental conditions, interventions had a very small 

but significant positive effect on attitudes, g = 0.07, 95% CI [0.05, 0.09], t(47.23) = 6.56, p < 

.001, I2 = 28.40, T2 = 0.003. Table 3.2 describes the different characteristics of every study 
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included in the analysis, including the values for the sample level moderators. Additionally, a 

full table with every effect size and moderator value is shown in Appendix C. The effect size for 

interventions—excluding negative interventions—suggests that interventions tend to exert only 

very small influences on climate change attitudes. It is worth noting the discrepancy in effect 

sizes between negative and non-negative interventions: it seems that it is much easier to increase 

skepticism than it is to increase support for various climate change attitudes.  

Figure 3.1 

Flow Chart of Abstract and Full-Text Screening Process 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

13,153 Reports retrieved 

    11,311 Web of Science 

      1,574 PsycINFO 

         243 Communication abstracts 

           25 Additional articles 

12,588 Abstracts reviewed 

564 Duplicates removed 

868 Full-text reports reviewed 

74 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  

    

11,720 Excluded  
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Table 3.2 

Sample Level Moderator Scores 

Paper Study Sample type 
Control 

type 
Age White Female Year 

Publication 

status 

Ma et al. (2019) Study 1 SSI No info 44.59 68.4% 59.3% 2017 Published 

Brewer & McKnight, (2015) Study 1 Students Unrelated 19.95 90% 64% 2013 Published 

Chu & Yang (2018) Study 1 MTurk No info 36.97  54.5% 2017 Published 

Hu et al. (2018) Study 1 MTurk Unrelated 35.02 83% 54.18% 2016 Published 

Anderson & Becker (2018) Study 1 Students Unrelated 19.51  61.3% 2017 Published 

Wong-Parodi & Fischhoff (2015) Study 1 MTurk No info 30.8 76.5% 45.8% 2014 Published 

Bolsen & Druckman (2018) Study 1 Other Other  82.34% 53.57% 2014 Published 

Bolsen et al. (2018) Study 1 MTurk No info 37 75% 48.3% 2017 Published 

Skurka et al. (2018) Study 1 Other Unrelated 25.7 77.4% 55.3% 2016 Published 

Manning et al. (2018) Study 1 Other No info 35.25 83.33% 69.32% 2018 Published 

Tesler (2018) Study 1 Other No info    2010 Published 

Dixon et al. (2017) Study 1 SSI No info 45.37 61.8% 43% 2016 Published 

Singh & Swanson (2017) Study 1 MTurk No info 38.96  35% 2015 Published 

Guisinger & Saunders (2017) Study 1 Other Other 51.68 73.85% 54% 2012 Published 

Cook et al. (2017) 
Study 1 Qualtrics Panel No info 48  49% 2016 Published 

Study 2 Qualtrics Panel No info 43  49.2% 2016 Published 

Schuldt et al. (2017) Study 1 Other No info 49 61.1% 48.3% 2016 Published 

Brewer & McKnight (2017) Study 1 Students Unrelated 21.59 77% 53% 2014 Published 

Baumer et al. (2017) Study 1 MTurk Other 33.76  38.71% 2015 Published 

Hardy & Jamieson (2017) Study 1 Other Unrelated 56.7  47.8% 2014 Published 

Drummond et al. (2016) Study 1 Other Unrelated    2016 Published 

Deryugina & Shurchkov (2016) Study 1 Other No info 46.99 85.13% 45.53% 2013 Published 

Zhou (2016) Study 1 SSI Other 50 87.6% 49.3% 2014 Published 
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Cook & Lewandowsky (2016) Study 1 Qualtrics Panel No info   50.5% 2013 Published 

Carrico et al. (2015) 
Study 1 MTurk Other 31.5 84% 49.5% 2014 Published 

Study 2 MTurk Other 34.2 79% 49.5% 2014 Published 

Zaval et al. (2015) Study 1 MTurk No info 34.3 80% 46% 2014 Published 

Albertson & Busby (2015) Study 2 Other No info 43 77.88% 58% 2015 Published 

van der Linden et al. (2014) Study 1 SSI No info   52% 2013 Published 

Schuldt & Roh (2014) Study 2 Students Unrelated 19.62  76.56% 2014 Published 

Bolsen et al. (2014) 

Bolsen 

Study 1 Students No info 20  64% 2010 Published 

Study 2 Students No info 20.66  60.54% 2011 Published 

Jang (2013) Study 1 Qualtrics Panel No info 45.33  53% 2012 Published 

Feinberg & Willer (2013) Study 3 Other Unrelated   71.43% 2011 Published 

Risen & Critcher (2011) 

Study 2 Students No info    2010 Published 

Study 3 Students No info    2010 Published 

Study 4 Students Unrelated    2010 Published 

Joireman et al. (2010) Study 2 Students Unrelated 21 88% 54.76% 2010 Published 

Bakaki & Bernauer (2017) Study 1 MTurk No info   45.72% 2014 Published 

Clayton et al. (2013) Study 2 MTurk No info   53.97% 2011 Published 

Budescu et al. (2012) Study 1 Other No info 47.8 71.04% 58.88% 2010 Published 

van der Linden et al. (2019) Study 1 Qualtrics Panel Unrelated  73% 54% 2015 Published 

Goldberg et al. (2019) 

Study 1 MTurk Unrelated 34 60.42% 41% 2018 Published 

Study 2 Other Unrelated 41 72.74% 59% 2018 Published 

Study 3 Other Unrelated 57 86.78% 44% 2018 Published 

Study 4 Other Unrelated 37.17 84% 38.76% 2018 Published 

Shin & Preston (2019) 
Study 2 MTurk Unrelated 38.65 79.73% 61.31% 2018 Published 

Study 3 MTurk Unrelated 34.64 75.5% 51.2% 2018 Published 

Gehlbach et al. (2019) Study 1 MTurk No info 38.2 79% 57% 2017 Published 

Sparks (2017) Study 2 MTurk Unrelated 35.9 54.6% 48% 2017 Unpublished 

Skurka et al. (2019) Study 1 Other Unrelated 24.8 75.6% 82.4% 2019 Published 

Goldberg, Gustafson, et al. (2019) Study 2 Other Unrelated 44 74% 64% 2019 Published 



 

142 

 

 

Bolsen et al. (2019) Study 1 MTurk No info 37.49 76% 49% 2018 Published 

Truelove et al. (2016) Study 1 Students No info 24.4 71.9% 78.35% 2015 Published 

Wolske et al. (2019) Study 1 SSI No info 45  48% 2017 Published 

Myers et al. (2015) Study 1 SSI Unrelated   50.27% 2014 Published 

Watkins & Goodwin (2019) Study 1 MTurk Unrelated 36.5  42.64% 2019 Published 

Stroik et al. (2019) 
Study 1 SSI No info 44.3 79.1% 50.7% 2015 Published 

Study 2 Students No info 19.5 77.8% 51.1% 2015 Published 

Cruz (2019) Study 1 MTurk No info 34.96 75.4% 47.6% 2017 Published 

Porter et al. (2019) 
Study 1 MTurk No info  73.86% 45.24% 2018 Published 

Study 2 Other No info  71.51% 55.53% 2018 Published 

Motta et al. (2019) Study 1 Other No info 46 71% 51% 2018 Published 

Mildenberger et al. (2019) Study 1 Qualtrics Panel No info  66% 53.9% 2017 Published 

Halperin & Walton (2018) Study 1 MTurk No info 34.5  52% 2015 Published 

Schoenefeld & McCauley (2016) Study 1 Other No info 36  64% 2015 Published 

Kotcher et al. (2018) Study 1 Other No info  80.15% 52.5% 2017 Published 

Rode et al. (2019) 
Study 1 Students No info  14% 78% 2019 Unpublished 

Study 2 Other No info 35.09  25% 2019 Unpublished 

Goldberg, van der Linden, Ballew, 

Rosenthal, Gustafson, et al. (2019) 
Study 1 Other Unrelated 43.26  52% 2019 Published 

Stroik & Jamelske (2017) 
Study 1 SSI No info    2017 Unpublished 

Study 2 Students No info    2017 Unpublished 

Clarke et al. (2019) Study 1 MTurk Unrelated 51.07  59.1% 2019 Unpublished 

Note. SSI = Survey Sampling International. In Sparks (2017), the study used was Study 2 from Chapter 4. “Study” refers to the 

independent experiment used in the paper. If a paper had one experiment, then it is listed in the table as “Study 1”. If a paper had 

multiple experiments, then the table lists the name of the study that was used. If a paper had multiple samples (but not labeled as 

separate experiments in the paper, like “Study 1” or “Study 2”), then they are listed in the table as “Study 1”, “Study 2”, etc. to denote 

independent samples. 
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Moderators 

Politics 

To test political beliefs as a moderator of intervention effectiveness, I separated effect 

sizes by political group—liberals, conservatives, and moderates—resulting in g = 1,001 effect 

sizes across n = 68 studies.22 Table 3.3 displays the results of all moderator analyses. As implied 

by the non-significant F test and no significant meta-regression coefficients, political group was 

not a significant moderator of intervention effectiveness. Surprisingly, intervention effectiveness 

was not statistically different across the three groups.  

Intervention Category 

As seen in Table 3.3, intervention type was not a significant moderator of effect size 

using the expanded categories.23 Because of the number of coefficients required to test the 

interaction with politics (i.e., 10 conditions by 3 political groups), I investigated political effects 

by conducting separate models for liberals and conservatives. Effect sizes for liberals were not 

significantly moderated by intervention type, F(1.54) = 0.28, p = .92, suggesting that all 

interventions were similarly effective. Likewise, intervention type was not a significant 

moderator of effect size for conservatives, F(3.40) = 0.60, p = .76 nor for moderates, F(0.83) = 

0.23, p = .93. Importantly to note, however, for both the whole sample model and the models 

within political group, the number of independent studies contributing to each category was very 

 
22 Even though I included measures of both political ideology and political party, I will refer to political groups as 

liberals, conservatives, and moderates for the sake of clarity (rather than always repeating both ideologies and 

parties).  

23 Using the original seven categories, intervention type was a significant moderator, F(6.14) = 4.33, p = .047. 

However, none of the individual meta-regression coefficients were significantly different from 0, with psychological 

distance (near) being marginally significant, b = 0.05, 95% CI [-0.01, 0.12], t(4.20) = 2.18, p = .09. All of the 

coefficients using the original categories were similar to those when using the expanded categories, both suggesting 

that psychological distance (near) was marginally significantly different from 0, such that those interventions were 

had marginally significantly higher effect sizes than those using scientific information. Similar to the expanded 

categories, the original seven categories were not a significant moderator for liberals, conservatives, or moderates. 
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low and the categories were unbalanced, resulting in degrees of freedom below 4 which means 

the estimates are not valid for those t-tests (Tipton, 2015). The results for any category with 

fewer than 4 degrees of freedom should be disregarded.  

 In contrast to the other categories, scientific consensus interventions were used in a large 

number of studies. Because of the abundance of research using consensus messaging, I 

calculated an effect size for studies using consensus messages (including those that overlapped 

with other categories, as discussed in the Methods section). The effect size was statistically 

significant and positive, g = 0.08, 95% CI [0.04, 0.13], p = .004, and was not significantly 

moderated by political group, F(5.53) = 0.28, p = .77. Researchers conducting experiments using 

consensus manipulations should expect an effect around g = 0.08 for climate change attitudes 

(not including perceived consensus). 

Dependent Variable Category and Phrasing 

The type of dependent variable was a significant moderator of effect size (Table 3.3). 

Specifically, interventions were much less effective for swaying support for policy than belief in 

natural climate change. As expected, all coefficients were negative (i.e., smaller effect sizes than 

those for belief in natural climate change), although only policy support was significantly 

different. Contrary to hypotheses, dependent variable category did not significantly interact with 

politics, F(17.26) = 0.66, p = .75, indicating that liberals, conservatives, and moderates had 

similar effect sizes across the various dependent variables. In addition, effect sizes did not 

significantly vary by dependent variable phrasing, climate change or global warming (Table 3.3). 

Moreover, political group did not significantly interact with phrasing, F(28.20) = 2.96, p = .07.  

Sample Type 
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As seen in Table 3.3, sample type was not a significant moderator of effect sizes, nor did 

it interact with political group, F(6.50) = 0.45, p = .85. When using the original coding of sample 

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

sizes, F(5.17) = 1.07, p = .47. Additionally, I tested if effect sizes from samples that were coded 

as representative of the U.S. population were more or less effective than others. Representative 

samples did not have statistically different effect sizes than non-representative samples, b = -

0.01, 95% CI [-0.05, 0.04], t(12.48) = -0.34, p = .74. Neither sample type nor representativeness 

of samples explained variation in intervention effect sizes. 

Other Moderators 

Lastly, I investigated a few exploratory and report-level moderators, seen in Table 3.3. 

The only significant moderator was percentage female, where effect sizes were larger in studies 

with a higher percentage of females in the sample. As seen by the regression coefficient of b = 

0.003, for every one percentage increase in a sample’s female composition, the predicted effect 

size increased by 0.003. In other words, each 10 percent increase in females was associated with 

an increase in Hedges’ g of around 0.03.  
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Table 3.3 

 

Moderator Analyses 

 

Moderator F df b df 95% CI k n I2 T2 

Politics 0.30 34.05    1,001 68 13.89 0.004 

Conservativesa   0.07** 34.96 [0.02, 0.11] 342 68   

Moderates   0.02 35.42 [-0.03, 0.07] 325 66   

Liberals   0.02 34.79 [-0.04, 0.08] 334 67   

Intervention category 1.45 3.10    364 71 29.64 0.003 

Effects of climate changea   0.07* 4.20 [0.01, 0.14] 38 11   

Morality   -0.07 1.60 [-0.60, 0.45] 8 3   

Emotion   0.07 3.89 [-0.08, 0.23] 10 4   

Scientific consensus   -0.002 8.01 [-0.06, 0.06] 111 20   

Psych. distance -- near   0.05 4.30 [-0.01, 0.12] 18 6   

Psych. distance -- far   -0.04 3.85 [-0.14, 0.06] 16 5   

National security   -0.01 1.69 [-0.34, 0.31] 7 3   

Economy   -0.05 2.16 [-0.33, 0.23] 13 4   

Religion   0.05 6.03 [-0.05, 0.15] 16 5   

Other   -0.03 6.93 [-0.10, 0.04] 127 36   

DV category 4.09** 26.03    364 71 21.88 0.002 

Belief in natural CCa   0.11*** 21.73 [0.07, 0.16] 65 32   

Belief in ACC   -0.02 24.97 [-0.06, 0.02] 76 31   

Concern or worry   -0.03 14.62 [-0.08, 0.02] 29 16   

Risk   -0.05 23.15 [-0.15, 0.05] 60 18   

Policy support   -0.11*** 30.02 [-0.16, -0.05] 82 33   
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Other   -0.03 22.62 [-0.08, 0.02] 52 19   

DV phrasing      278 60 25.82 0.003 

Climate changea    0.06** 24.68 [0.03, 0.10] 174 32   

Global warming   0.01 43.15 [-0.03, 0.06] 104 33   

Sample type 0.95 12.35    364 71 29.65 0.003 

MTurka   0.08** 18.50 [0.03, 0.12] 112 22   

Students   0.04 10.33 [-0.09, 0.16] 39 13   

SSI   -0.03 7.68 [-0.11, 0.05] 52 7   

Qualtrics Panel   0.02 5.23 [-0.05, 0.09] 43 6   

Other   -0.02 35.05 [-0.08, 0.04] 118 23   

Intervention medium 1.18 9.76    364 71 28.97 0.003 

Texta   0.06*** 32.74 [0.04, 0.08] 285 50   

Video   0.06 6.60 [-0.02, 0.14] 33 8   

Image or map   0.01 6.85 [-0.11, 0.13] 34 9   

Other   0.06 5.19 [-0.10, 0.23] 12 9   

Control type 0.79 12.01    364 71 29.28 0.003 

No informationa   0.07*** 26.62 [0.05, 0.10] 239 40   

Unrelated task   -0.004 32.65 [-0.06, 0.05] 85 25   

Other   -0.04 5.65 [-0.11, 0.03] 40 6   

Age   -0.003 14.02 [-0.01, 0.001] 270 53 29.88 0.003 

Percent white   -0.001 3.78 [-0.01, 0.002] 200 42 27.05 0.002 

Percent female   0.003** 10.01 [0.001, 0.01] 358 66 22.54 0.002 

Year   0.002 19.63 [-0.01, 0.01] 364 71 29.32 0.003 

Publication status      364 71 29.09 0.003 

Unpublisheda   0.06 2.55 [-0.21, 0.32] 20 4   
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Published   0.02 2.80 [-0.23, 0.27] 344 67   

Note. F = Wald-type test statistic using the AHZ test (Tipton & Pustejovsky, 2015); df = degrees of freedom; b = unstandardized 

meta-regression coefficient; k = number of effect sizes; n = number of independent samples. Any coefficient associated with degrees 

of freedom less than 4 should be ignored because the corresponding t test is not valid and the Type I error rate is inflated (Tipton, 

2015). AHZ tests, shown in the column labeled F, can be interpreted even with df close to 0 (Tipton & Pustejovsky, 2015). 

aRepresents the reference group, or intercept of the model. The meta-regression coefficient for the intercept is compared to 0, while all 

other coefficients are compared to the intercept. 

***p < .001. **p < .01. *p < .05. 
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Publication bias  

 To examine the possibility of publication bias in the observed effect sizes, I calculated 

fail-safe Ns, tested for asymmetry around funnel plots, and imputed missing effect sizes using 

trim-and-fill methods. Because there are no methods currently available for assessing publication 

bias for dependent effect sizes (i.e., current methods assume independent effect sizes), I tested 

for bias 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 experiment, 

assuming a within-study correlation of .50; and another dataset that ignored dependencies in the 

dataset and used all effect sizes (but not separated by political group), treating them as if they 

were independent.24 This method is similar to those used in other RVE meta-analyses 

(Agadullina & Lovakov, 2018; Liu et al., 2017).  

Fail-Safe N 

Rosenthal’s fail-safe N calculates the number of missing studies that would be needed to 

add to the meta-analysis to make the effect size estimate non-significant, assuming the effect size 

in the missing studies was zero (Borenstein et al., 2009; Rosenthal, 1979). Similarly, Orwin’s 

fail-safe N determines the number of studies needed to reach a specified effect size, typically one 

that would be trivial; in other words, if only a few studies with null results were needed to add to 

a meta-analysis to make the effect size trivial, then that would suggest that the true effect size is 

most likely trivial (Orwin, 1983). For the current aggregated dataset, 1,447 studies with null 

effect sizes would need to be added to make the summary effect non-significant (Rosenthal’s 

 
24 Similarly to earlier analyses, I excluded interventions that were coded as intending to negatively affect climate 

change attitudes. Because those manipulations were expected to have negative effect sizes, they would pull the 

effect size down and mask potential publication bias. In other words, if there was strong publication bias for positive 

and balanced interventions then I would expect missing studies below the estimated effect size; however, including 

negative interventions would fill the left side of the funnel plot (i.e., negative effects) and make the plot more 

symmetric. 
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method), and 81 studies (Orwin’s method) needed to cut the summary effect to g = 0.035 (half of 

the original effect size). Both analyses suggest that a large amount of missing studies would be 

required to substantially reduce the observed effect size, suggesting that there is not a lot of 

publication bias.25 

Funnel Plots 

Funnel plots test for publication bias by plotting effect sizes on the x-axis and the 

standard error of each effect size on the y-axis (Egger et al., 1997). Studies with more variance 

are expected to be more widespread towards the bottom, with more precise effect sizes clustered 

around the effect size estimate at the top of the y-axis. This displays (or hints at) publication bias 

because if the graph is asymmetric—for example, more studies on the bottom right than bottom 

left—then it suggests that there are missing studies and therefore publication bias, although there 

are alternative reasons for asymmetry (Borenstein et al., 2009). Figure 3.2 displays the funnel 

plot for the aggregated dataset, and Figure 3.3 shows the plot for the full dataset. Both plots 

visually seem symmetrical, although there appear to be a few more effect sizes in the bottom 

right of Figure 3.2 than in the bottom left. To inferentially test for asymmetry, I conducted an 

Egger regression test of asymmetry, using standard errors to predict observed effect sizes (Egger 

et al., 1997). Using the metafor package in R (Viechtbauer, 2010), I first conducted a random-

 
25 The lack of publication bias may seem unusual or unexpected for a meta-analysis on interventions, especially 

because one would expect “failed” interventions to stay in the file drawer (i.e., unpublished). Furthermore, the 

current meta-analysis only included a small number of unpublished studies. One reason for this unexpected absence 

of publication bias may be that this meta-analysis conceptualized interventions differently than many of the primary 

studies contributing effect sizes (see the Discussion section for more on this discrepancy). For example, a study may 

have manipulated X1 and X2 with a specific interaction prediction in mind. If neither X1 nor X2 is significant but 

the interaction is, then it is highly likely for that study to be published. In this meta-analysis, X1 and X2 would be 

treated as independent interventions and contribute small effect sizes (given their nonsignificance in the primary 

study). Similar differences between primary studies and interventions as defined by this meta-analysis may occur 

with mediating variables (e.g., the effect of X1 was not significant, but hypothesized mediator M significantly 

mediated the relation between X1 and Y). However, even though the current meta-analysis contains studies that 

were published yet did not find a significant intervention effect, the reverse is highly unlikely to be true: if a study 

finds a significant intervention effect of X1 or X2, it is likely to be published. 
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effects meta-analysis with both datasets separately, and then conducted a random-effects version 

of the Egger test (default in metafor; Sterne & Egger, 2005). Confirming the visual inspection of 

the funnel plot, the test for asymmetry was non-significant in the aggregated dataset, z = -0.27, p 

= .78. The test was significant using the full dataset, z = -3.00, p = .003, although the test statistic 

was negative, indicating that studies with increased standard error had smaller effect sizes.  

Trim-and-Fill 

The last method to assess publication bias was the trim-and-fill method (Duval & 

Tweedie, 2000a, 2000b). This correction for publication bias corrects for asymmetry by imputing 

effect sizes (i.e., on the less populated side of the plot) until the distribution is symmetric, 

recalculating an unbiased measure of effect size from this new distribution (Borenstein et al., 

2009; Duval & Tweedie, 2000a, 2000b). However, because the trim-and-fill test statistic was 

negative for both the aggregated and the full dataset, effect sizes were actually imputed on the 

right side of the plot to make the dataset more symmetric.26 The trim-and-fill unbiased estimate 

of the effect size (g = 0.071, 1 effect size imputed) was larger than the estimate using the original 

aggregated dataset (g = 0.070). Similarly, the trim-and-fill unbiased estimate was larger (g = 

0.08, 51 effect sizes imputed) than the original full dataset effect size (g = 0.06).27 Considering 

all three methods of estimating publication bias together, there is little evidence of publication 

bias in the selected studies.  

 

 

 

 
26 Forcing the trim-and-fill function to impute only to the lower side of the effect size resulted in zero imputed 

effects for either dataset because none were needed below the estimate to make the distribution more symmetric.   

27 Original estimates—used as input for the trim-and-fill models—were random-effects meta-analyses that assumed 

independent effect sizes (a condition that was met for the aggregated dataset but not for the full dataset).  
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Figure 3.2 

Funnel Plot of Aggregated Effect Sizes 

 

Figure 3.3 

Funnel Plot of All Effect Sizes, Ignoring Dependencies 
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Discussion 

The current meta-analysis quantitatively synthesized experimental studies that applied 

interventions to influence climate change attitudes. Limited to studies that included a control 

group, the synthesis brought together 73 independent experiments with 387 total effect sizes. 

Because of the nature and goals of the included studies, some experimental manipulations were 

meant to reduce belief in climate change (for various theoretical or methodological reasons). The 

direction of manipulation—positive, negative, or balanced—was a strong moderator of effect 

sizes, with negative manipulations resulting in significantly stronger negative effect sizes than 

positive conditions. 

Focusing only on positive and balanced manipulations, there was a very small but 

statistically significant positive effect of intervention on climate change attitudes. Although the 

category of intervention was not a significant moderator, the type of dependent variable was: 

attitudes about climate change policy were significantly less influenced by experimental 

manipulation than were attitudes about belief in climate change. Unsurprisingly, the current 

results suggest that it is harder to influence people’s attitudes about supporting a climate change 

policy than to persuade them that climate change exists. The other statistically significant 

moderator was the percentage of the sample that was female, where samples that had a higher 

percentage of females displayed stronger experimental effects. None of the other moderators 

were significant, and none significantly interacted with political group.  

Takeaways 

Small Summary Effect 

The results of the current study provide a number of relevant implications for researchers 

and policymakers interested in climate change communication and related fields. First and 
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foremost, the results point to the limited effectiveness of the interventions included in this 

synthesis. The summary effect was very small with few significant moderators of the effect. The 

summary effect was smaller than that from a more specific meta-analysis on framing and climate 

change attitudes (SMD = 0.17; Li & Su, 2018), and it was much smaller than a meta-analysis that 

examined the effect of experimental interventions on pro-environmental behaviors (g = 0.45; 

Osbaldiston & Schott, 2012). Although some meta-analytic work finds that political attitudes can 

be shifted (e.g., manipulating mortality salience shifts people towards political conservatism, r = 

.22; Burke et al., 2013), others find that climate change attitudes are politically charged (Hornsey 

et al., 2016) and that people process political information in a biased manner such that they 

discount information that contradicts their prior beliefs (Ditto et al., 2019). Therefore, the small 

effect in the current meta-analysis could be due to both the stability of political attitudes like 

climate change beliefs and the disparate nature of the interventions used. 

Exemplifying the disparate nature of interventions in the current meta-analysis, several of 

the included studies did not employ interventions focused on the main effect of experimental 

condition on attitudes, but rather mediation, moderation, or a related focal dependent variable. 

The authors of those studies would likely not hypothesize that there would be a main effect of 

condition on attitudes. For example, studies using consensus manipulations rely on the GBM, a 

two-step model where a consensus message increases perceived consensus which increases 

climate beliefs, finally leading to policy support (van der Linden et al., 2015). The model 

predicts that perceived consensus is a key mediator between a consensus message and climate 

change attitudes, but does not predict a main effect of consensus message on attitudes. Similarly, 

Chu and Yang (2018) manipulated psychological distance, but also orthogonally manipulated the 

type of climate change effect (novel or familiar) in the stimulus materials. Their hypotheses 
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involved the relation between psychological distance, type of effect, and political ideology. 

When effect sizes from their study were combined in the current meta-analysis, I could test for 

the effect of psychological distance as well as its interaction with political ideology, but the type 

of effect was included as an “Other” category of intervention. In other words, the current meta-

analysis grouped interventions together as much as possible, but the wide variety of interventions 

made it impossible to investigate each specific combination of interventions as intended by the 

original study authors. Several original studies also conceptualized dependent variables 

differently than the current study. For example, Motta, et al. (2019) were interested in how 

beliefs about climate change vary depending on the response options (e.g., categorical responses, 

Likert scale, a “Don’t know” option, etc.). Important to the current meta-analysis, half of their 

experimental conditions included a few sentences explaining climate change and global warming 

and their causes, resulting in an experimental manipulation that fit the inclusion criteria. While I 

was not interested in responses on different scales, the original authors were entirely focused on 

differential responses based on scales. Therefore, as I collapsed their different scales into one 

dependent variable to investigate the effect of experimental manipulation, I may have lost an 

important source of effect size variation—response scale. 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. 

These various examples of differences between original study design and the current 

meta-analytic design highlight that “intervention effectiveness” is different depending on 

context. Although the overall effect size was small, indicating that manipulations had limited 

effects on climate change attitudes when not taking potential moderators into account, there are a 
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variety of factors that contribute to intervention effectiveness and many of those factors were 

unable to be analyzed in the current meta-analysis. The variety of interventions and scope of 

inclusion criteria limit the specific conclusions that can be drawn from the summary effect of the 

synthesis.  

Moderation by Intervention Direction 

Another takeaway is the strong moderation of intervention direction. Although not 

originally intended to be a moderator, intervention direction emerged as an important factor to 

consider when combining interventions. For example, one study provided a news article that 

used misleading information to argue that global warming is exaggerated; the authors also 

included an experimental condition where this information was paired with better scientific 

information to help correct perceptions (Hardy & Jamieson, 2017). Considering both of these 

experimental conditions to be interventions would be misleading because the first condition was 

not intended to increase climate change attitudes. Unsurprisingly, the moderator of intervention 

direction was a strong significant negative predictor of effect size direction. Furthermore, 

experimental conditions coded as negative had a much stronger effect on attitudes than positive 

manipulations, illustrating the ease at which skepticism is to induce. Given that climate change is 

an uncertain, large event with potentially devastatingly negative consequences, people may be 

quick to hold on to information that gives them hope—even if that hope is grounded in 

downplaying the consequences. Future research should continue to examine these negative 

manipulations of climate change attitudes and examine ways of mitigating the jump to 

skepticism or reduced concern (for examples of this type of research, see Bolsen & Druckman, 

2018b, 2018a; Cook et al., 2017).  

Policy Support is Difficult to Influence 
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Similarly, climate change belief was much easier for interventions to influence than was 

support for climate change policy. This was in line with hypotheses and previous research 

(Hornsey et al., 2016), given that support for policy would be expected to occur after one accepts 

climate change and that support for policy may imply costs more than accepting climate change 

would. Unfortunately, policy support is arguably more important than belief—a main reason 

belief is important is to drive support for climate policies. Even if interventions were extremely 

effective for beliefs, if they were not effective for policy support then there would still be limits 

to the policy implications for those interventions. Conversely, even if interventions were not 

effective at all for beliefs, if they were effective for policy support then there would be direct 

policy implications and policymakers could focus on those effective interventions. 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 changing belief. 

The current meta-analysis was unable to test specific policies due to the limited number 

of studies measuring support for specific policies, but this finding would suggest that more 

research should investigate ways of making climate policy more palatable. For example, current 

work 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 be a way to 

increase support, although findings using this method are somewhat mixed (Bolsen et al., 2019b; 

Fielding et al., 2019; Zhou, 2016). Relatedly, Campbell and Kay (2014) experimentally 

manipulated a potential solution to climate change to be either free market friendly or 
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government regulation; conservative participants exhibited more belief in climate change when 

the solution was framed in terms of the free market. Future research should continue to focus on 

policy support as a dependent variable (for a review, see Kyselá et al., 2019), and consider 

testing different types of policy support (e.g., word framing, types of policy, etc.).  

Need for a Control Group 

Lastly, the current meta-analysis demonstrates the benefits of experimental designs that 

include control conditions. By including a condition that involves no experimental manipulation, 

these studies allow comparable effect sizes to be calculated between treatment and control. In the 

current literature search, over 130 additional independent studies could have been selected for 

inclusion in the meta-analysis if they had included a control condition. This would have allowed 

for both more robust claims and more fine-grained analyses, such as examining intervention 

category subtypes. Although it may not make theoretical sense for all experimental designs to 

include a control condition—and indeed, many studies might not be focused on interventions per 

se but rather comparing experimental manipulations to each other (e.g., a 2x2 factorial design)— 

researchers should at least consider the benefits of randomly assigning some participants to an 

additional condition where there is no manipulation involving climate change. When a control 

condition is included as a comparison for treatments, it allows for claims to be made about the 

absolute effect of treatments. For example, an experimental study might manipulate the source of 

a climate change policy to be from the Republican or Democratic party. Although informative, a 

design without a control condition would be limited to making relative claims about the 

effectiveness of a Republican source compared to a Democratic one; on the other hand, a control 

condition would allow the researcher to determine how each source increased or decreased 

support compared to a generic version of the policy. Future research should include a control 
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condition when possible, and future meta-analysts may consider alternative ways of calculating 

effect sizes that do not require a control group (e.g., comparing liberal and conservative attitudes 

within experimental conditions).  

Limitations 

 The current meta-analysis has several limitations, some of which are more obvious than 

others. First and most obviously, the synthesis combined a wide range of experimental studies 

together, each with its own goals and focus. As discussed earlier, only some studies were 

specifically interested in the main effect of an experimental condition on climate change 

attitudes; many focused on mediation with another variable, moderation with a variable or other 

condition, or different dependent variables besides climate change attitudes. Although combining 

all of these studies can be informative, the result is unable to present a conclusive answer as to 

whether interventions work—individual experimental manipulations may have been effective in 

their specific process through a mediating or moderating variable, even if they do not seem 

effective when looking at the main effect of manipulation as this current analysis does. For 

example, a study may have manipulated a variable with the intent that it would only impact 

attitudes for participants with high scores on a moderating variable. Even if that study found a 

significant interaction, such that participants with high scores on the moderating variable had 

significant increases in climate change attitudes compared to a control condition, the current 

meta-analysis only examined the impact of experimental condition. Given that the meta-analytic 

focus on interventions necessitates collapsing across moderating variables (other than those 

specifically examined at the meta-analytic level), it may have washed out the moderating effect 

in the primary study and resulted in a nonsignificant main effect. This (and any) meta-analysis is 
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unable to offer that nuanced picture when comparing across studies, something that future 

experimental studies can consider when crafting their designs.  

 The second limitation involves generalizability: not all studies were included in the 

analysis. Although I tried to find every possible study that fit the inclusion criteria, I was unable 

to retrieve data from 16 of the selected reports and have inevitably missed some reports 

(including many unpublished ones). If reports were randomly omitted, then the current results 

would not be affected; however, it is likely that unpublished reports were more likely to be 

missed than published ones. At face value, this would seem to suggest that the current meta-

analysis overestimates the true effect. However, the effect size was extremely small, most likely 

due to the aforementioned variety in types and goals of the included experiments. Tests assessing 

publication bias provided little evidence that there was strong publication bias. Given the small 

effect in this meta-analysis, reports that were not published still could have had larger effects 

than the one found in this meta-analysis and been non-statistically significant. It may not be 

surprising to find little evidence of publication bias because of the unique nature of this 

synthesis: many studies were not focused on the main effect of intervention on climate change 

attitudes and therefore did not even report or test the relation (most authors were emailed for 

data). Related to generalizability, the current meta-analysis excluded non-U.S. participants and 

behavioral outcome measures.28 While this was a known limitation at the outset of designing this 

 
28 Although behavioral outcomes would have been interesting and important to investigate, including them would 

have substantially broadened the scope of the meta-analysis. For example, many environmental behaviors are 

indirectly related to climate change (e.g., recycling, energy efficiency). Creating a distinction between climate 

change and the environment in general seemed to be 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. The current meta-analysis therefore focuses on 

climate change and excludes behavioral outcomes. Future research, however, should investigate intervention 

effectiveness for behavior and behavioral intentions. 
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analysis, it still is worth mentioning that the results are only generalizable to experiments that use 

U.S. participants and measure climate change attitudes.  

 The third limitation relates to the nuance in dependent variables. I focused on attitudes 

specific to climate change, excluding attitudes towards the environment in general or related 

environmental topics. However, attitudes towards climate change still includes a very broad 

range of measures and constructs. For example, dependent variables ranged from predicted levels 

of sea-ice to the personal importance of climate change to foreign countries’ responsibility for 

addressing climate change. Combining these has the potential to convolute what the calculated 

summary effect size actually estimates. While including dependent variable type as a moderator 

helped to demonstrate how effect size estimates varied by attitude type, the overall summary 

effect still estimates a general measure of climate change attitudes rather than any one specific 

attitude. 

Conclusion and Future Directions 

 The current meta-analysis provides some information about the effectiveness of 

experimental interventions on climate change attitudes. Despite the limitations of the meta-

analysis, it still provides valuable information for climate change communications researchers: 

experimental manipulations tend to have very small effects; it is easier for people to become 

more skeptical of climate change than more supportive; and attitudes towards climate change 

policy are much more difficult to change than belief in climate change. Researchers using 

experiments to influence climate change attitudes should expect a very small effect on average, 

depending on the other factors and variables used in their experiments. Furthermore, given the 

importance of policy in addressing climate change, researchers should particularly key in on 

policy support as a dependent variable. This meta-analysis also highlights that there is not a one-
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size-fits-all approach to influencing climate change attitudes. Individual experiments will vary, 

and whether specific interventions are effective or not depends on both the type of intervention 

and audience who is receiving it. Future research should continue investigating the best ways to 

engage the public in climate change and policies that will garner the most public support.  
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APPENDIX A 

 

 

Initial study 

 We conducted a related study with the intention of manipulating article interest in order 

to influence climate change attitudes. Participants were randomly assigned to read an article 

about the effects of beer or bread on climate change, and both articles contained consensus 

information at the end. A few days after taking the initial survey (which included beliefs about 

climate change and global warming) and reading the article, participants responded to the same 

items and answered questions to test their memory of the initial article. Unexpectedly, 

participants reported similar amounts of interest in the beer (M = 5.51) and bread (M = 5.12) 

articles, t(345) = 1.58, p = .12, d = 0.17. We also found that participants’ interest in the article 

was significantly correlated with global warming at time 2 (r = .30, p < .001) and memory score 

(r = .35, p < .001). We switched the focus of our investigation away from memory and towards 

manipulating the consensus information in the articles, leading to the first study of the main text.  
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Study 1 Results with All Conditions 

Table A1 

Linear regressions using all experimental conditions 

 Perceived consensus Belief Risk Impact Support for action 
 b (95% CI) b (95% CI) b (95% CI) b (95% CI) b (95% CI) 

Intercept 79.54*** 5.83*** 5.47*** 5.73*** 6.43*** 
 (76.65, 82.43) (5.67, 5.99) (5.25, 5.69) (5.57, 5.90) (6.24, 6.62) 

Beer article with consensus 7.35*** 0.24* 0.31 0.24* 0.18 
 (3.21, 11.50) (0.02, 0.47) (-0.01, 0.62) (0.003, 0.47) (-0.09, 0.45) 

Beer article no consensus 1.34 0.11 0.23 0.25* 0.06 
 (-2.81, 5.49) (-0.11, 0.34) (-0.09, 0.55) (0.01, 0.49) (-0.21, 0.33) 

Tree article with consensus 8.31*** 0.28* 0.40* 0.32** 0.20 
 (4.13, 12.48) (0.06, 0.51) (0.08, 0.72) (0.09, 0.56) (-0.07, 0.48) 

Tree article no consensus 5.33* 0.18 0.42* 0.31* 0.09 
 (1.13, 9.53) (-0.05, 0.40) (0.10, 0.74) (0.07, 0.55) (-0.18, 0.37) 
      

N 471 472 472 472 472 

R2 0.05 0.02 0.02 0.02 0.01 

F 5.89*** 1.91 2.16 2.38 0.74 

Note. Because the condition variables were dummy coded, the intercept represents the mean of the control condition and the 

unstandardized coefficients represent the differences between each experimental group and the control condition. 

*p < .05. **p < .01. ***p < .001. 
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Regressions with Robust Standard Errors 
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 We employed heteroskedasticity-consistent estimators to compute standard errors using the sandwich package (Zeileis, 2004) 

in R.29 For each study, the following regression tables show the main effects (experimental condition only) and the interaction effects 

(experimental condition moderated by conservatism) with robust standard errors. 

Study 1 

Table A2 

Linear regressions using robust standard errors, Study 1 
 Perceived consensus Belief Risk Impact Support for action 
 b (SE) b (SE) b (SE) b (SE) b (SE) 

Intercept 79.54*** 5.83*** 5.47*** 5.73*** 6.43*** 
 (1.59) (0.09) (0.12) (0.10) (0.11) 

Article without consensus 3.29 0.14 0.32* 0.28* 0.08 
 (1.96) (0.11) (0.14) (0.11) (0.13) 

Article with consensus 7.82*** 0.26** 0.35* 0.28* 0.19 
 (1.87) (0.10) (0.14) (0.11) (0.13) 

N 471 472 472 472 472 

R2 0.04 0.02 0.01 0.02 0.01 

Note. Because the condition variables were dummy coded, the intercept represents the mean of the control condition and the 

unstandardized coefficients represent the differences between each experimental group and the control condition. 

*p < .05. **p < .01. ***p < .001. 

 

 
29 This is different than in our Study 3 preregistration, where we inadvertently said we would use the clubSandwich package (Pustejovsky, 2020) to compute 

robust standard errors.  
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Table A3 

Linear regressions for the interaction between condition and ideology using robust standard errors, Study 1 

 Perceived consensus Belief Risk Impact Support for action 
 b (SE) b (SE) b (SE) b (SE) b (SE) 

Intercept 80.36*** 5.89*** 5.51*** 5.81*** 6.53*** 
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 (1.64) (0.08) (0.12) (0.09) (0.10) 

Article without consensus 2.58 0.09 0.30* 0.21 -0.02 
 (1.98) (0.10) (0.15) (0.11) (0.12) 

Article with consensus 6.76*** 0.17 0.28 0.18 0.08 
 (1.93) (0.10) (0.15) (0.11) (0.12) 

Conservatism -1.60 -0.15* -0.16 -0.19* -0.19* 
 (1.27) (0.07) (0.10) (0.08) (0.09) 

Conservatism*No consensus -1.61 -0.04 -0.19 -0.02 -0.04 
 (1.54) (0.09) (0.12) (0.09) (0.11) 

Conservatism*Consensus 0.25 -0.09 -0.17 -0.04 0.04 
 (1.53) (0.09) (0.12) (0.10) (0.10) 

N 461 462 462 462 462 

R2 0.08 0.12 0.14 0.13 0.08 

Note. Because the condition variables were dummy coded and conservatism was mean centered, the intercept represents the mean of 

the control condition for those with average conservatism. 

*p < .05. **p < .01. ***p < .001. 

 

 

 

 

 

 

 



 

197 

 

 

 

 

 

 

 

 

 

Study 2 

Table A4  

 

Linear regressions using robust standard errors, Study 2 

 Perceived consensus Belief Risk Impact Support for action 
 b (SE) b (SE) b (SE) b (SE) b (SE) 

Intercept 88.87*** 6.06*** 5.15*** 5.01*** 6.10*** 
 (1.13) (0.07) (0.10) (0.10) (0.08) 

Article without consensus -1.41 -0.18 -0.18 -0.26 -0.29* 
 (1.65) (0.10) (0.14) (0.14) (0.13) 

Article with consensus 4.76*** 0.08 0.08 0.01 -0.02 
 (1.34) (0.10) (0.14) (0.14) (0.12) 

N 926 902 912 906 912 
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R2 0.02 0.01 0.004 0.01 0.01 

Note. Because the condition variables were dummy coded, the intercept represents the mean of the control condition and the 

unstandardized coefficients represent the differences between each experimental group and the control condition. 

*p < .05. **p < .01. ***p < .001. 

 

 

 

 

 

Table A5 

 

Linear regressions for the interaction between condition and ideology using robust standard errors, Study 2 

 Perceived consensus Belief Risk Impact Support for action 
 b (SE) b (SE) b (SE) b (SE) b (SE) 

Intercept 90.14*** 6.17*** 5.27*** 5.14*** 6.22*** 
 (1.05) (0.05) (0.08) (0.08) (0.07) 

Article without consensus 0.36 -0.01 0.08 0.01 -0.08 
 (1.39) (0.07) (0.11) (0.11) (0.09) 

Article with consensus 3.45** 0.11 0.10 0.04 0.04 
 (1.33) (0.08) (0.11) (0.12) (0.10) 

Conservatism -4.56*** -0.49*** -0.65*** -0.64*** -0.58*** 
 (0.97) (0.05) (0.06) (0.06) (0.06) 

Conservatism*No consensus -1.24 -0.08 -0.11 -0.07 -0.11 
 (1.33) (0.06) (0.08) (0.08) (0.09) 

Conservatism*Consensus 2.59* 0.08 0.05 0.07 0.11 
 (1.13) (0.07) (0.08) (0.08) (0.08) 

N 741 720 730 724 730 
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R2 0.20 0.51 0.46 0.40 0.46 

Note. Because the condition variables were dummy coded and conservatism was mean centered, the intercept represents the mean of 

the control condition for those with average conservatism. 

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

Table A6 

Linear regressions using robust standard errors, Study 3 

 Perceived consensus  Perceived consensus Likert Belief Impact Support for action 
 b (SE) b (SE) b (SE) b (SE) b (SE) 

Intercept 80.92*** 5.87*** 5.04*** 5.16*** 5.34*** 
 (1.02) (0.06) (0.07) (0.07) (0.10) 

Article without consensus -0.06 -0.04 0.09 0.04 0.18 
 (1.44) (0.09) (0.11) (0.10) (0.14) 

Article with consensus 3.65** 0.11 0.12 -0.05 0.18 
 (1.40) (0.09) (0.11) (0.11) (0.14) 

Statement only 5.18*** 0.15 0.04 -0.07 0.03 
 (1.41) (0.10) (0.11) (0.11) (0.15) 

N 1,047 1,048 1,048 1,047 1,047 

R2 0.02 0.005 0.001 0.001 0.003 

Note. Because the condition variables were dummy coded, the intercept represents the mean of the control condition and the 

unstandardized coefficients represent the differences between each experimental group and the control condition. 

*p < .05. **p < .01. ***p < .001. 

 

Table A7 

 

Linear regressions for the interaction between condition and ideology using robust standard errors, Study 3 

 Perceived consensus Perceived consensus Likert Belief Impact Support for action 
 b (SE) b (SE) b (SE) b (SE) b (SE) 

Intercept 81.05*** 5.88*** 5.06*** 5.16*** 5.37*** 
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 (0.99) (0.06) (0.06) (0.07) (0.09) 

Article without consensus -0.02 -0.04 0.09 0.04 0.16 
 (1.41) (0.09) (0.10) (0.10) (0.13) 

Article with consensus 3.25* 0.08 0.05 -0.08 0.11 
 (1.37) (0.09) (0.09) (0.11) (0.13) 

Statement only 5.10*** 0.14 0.03 -0.07 0.01 
 (1.37) (0.09) (0.09) (0.10) (0.13) 

Conservatism -2.14*** -0.18*** -0.31*** -0.17*** -0.35*** 
 (0.53) (0.03) (0.03) (0.04) (0.04) 

Conserv.*No consensus 0.68 0.03 0.06 0.04 0.10 
 (0.73) (0.05) (0.05) (0.05) (0.06) 

Conserv.*Consensus -0.20 -0.01 -0.09 -0.06 -0.05 
 (0.68) (0.04) (0.05) (0.06) (0.06) 

Conserv.*Statement 0.10 0.02 -0.04 -0.004 0.01 
 (0.66) (0.05) (0.05) (0.05) (0.07) 

N 1,044 1,045 1,045 1,045 1,045 

R2 0.08 0.09 0.27 0.08 0.17 

Note. Because the condition variables were dummy coded and conservatism was mean centered, the intercept represents the mean of 

the control condition for those with average conservatism. 

*p < .05. **p < .01. ***p < .001. 
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Moderation by Political Party 

Study 2 

Table A8 

Linear regressions for the interaction between condition and political party, Study 2 

 Perceived consensus Belief Risk Impact Support for action 
 b (95% CI) b (95% CI) b (95% CI) b (95% CI) b (95% CI) 

Intercept 94.71*** 6.67*** 5.83*** 5.77*** 6.78*** 
 (91.75, 97.68) (6.52, 6.82) (5.61, 6.04) (5.55, 5.98) (6.58, 6.97) 

Article without consensus 0.04 0.02 0.19 -0.03 0.05 
 (-4.44, 4.51) (-0.20, 0.25) (-0.13, 0.52) (-0.35, 0.30) (-0.24, 0.34) 

Article with consensus 1.14 0.01 0.22 0.11 0.02 
 (-3.10, 5.38) (-0.20, 0.22) (-0.09, 0.53) (-0.20, 0.42) (-0.25, 0.30) 

Republican -21.17*** -2.15*** -2.55*** -2.70*** -2.49*** 
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 (-26.40, -15.95) (-2.41, -1.89) (-2.93, -2.17) (-3.08, -2.31) (-2.83, -2.15) 

Rep.*No consensus 3.06 -0.04 -0.30 -0.07 -0.30 
 (-4.31, 10.43) (-0.41, 0.33) (-0.83, 0.23) (-0.61, 0.47) (-0.78, 0.18) 

Rep.*Consensus 13.07*** 0.27 -0.25 -0.24 -0.05 
 (5.66, 20.47) (-0.10, 0.65) (-0.79, 0.28) (-0.78, 0.30) (-0.53, 0.44) 

N 565 551 557 555 557 

R2 0.19 0.57 0.52 0.53 0.55 

F 26.38*** 145.83*** 121.29*** 125.87*** 136.74*** 

Note. Because the condition variables and political party (Democrats as base) were dummy coded, the intercept represents the mean of 

the control condition for Democrats. 

*p < .05. **p < .01. ***p < .001. 

 

 

 

 

 

 

 

 

 

 



 

204 

 

 

 

Study 3 

Table A9 

Linear regressions for the interaction between condition and political party, Study 3 

 Perceived consensus Perceived consensus Likert Belief Impact Support for action 
 b (95% CI) b (95% CI) b (95% CI) b (95% CI) b (95% CI) 

Intercept 83.29*** 6.09*** 5.57*** 5.53*** 5.84*** 
 (80.55, 86.03) (5.90, 6.27) (5.37, 5.78) (5.33, 5.74) (5.57, 6.11) 

Article without consensus -0.68 -0.08 -0.21 -0.09 -0.06 
 (-4.41, 3.04) (-0.33, 0.18) (-0.48, 0.07) (-0.38, 0.19) (-0.43, 0.30) 

Article with consensus 3.72 0.14 0.01 -0.05 0.07 
 (-0.03, 7.48) (-0.12, 0.40) (-0.27, 0.29) (-0.33, 0.24) (-0.30, 0.44) 

Statement only 2.81 0.04 -0.12 -0.15 -0.22 
 (-0.88, 6.51) (-0.22, 0.29) (-0.40, 0.16) (-0.43, 0.13) (-0.59, 0.14) 

Republican -5.59** -0.49*** -1.09*** -0.67*** -1.00*** 
 (-9.56, -1.62) (-0.76, -0.22) (-1.39, -0.80) (-0.97, -0.37) (-1.39, -0.61) 

Rep.*No consensus 1.31 0.02 0.39 0.12 0.28 
 (-4.38, 7.00) (-0.37, 0.41) (-0.03, 0.82) (-0.31, 0.55) (-0.28, 0.84) 

Rep.*Consensus -0.38 -0.09 0.005 -0.24 0.02 
 (-6.06, 5.30) (-0.47, 0.30) (-0.42, 0.43) (-0.67, 0.19) (-0.54, 0.58) 

Rep.*Statement 4.65 0.14 0.03 -0.16 0.23 
 (-1.05, 10.36) (-0.26, 0.53) (-0.39, 0.46) (-0.59, 0.27) (-0.33, 0.79) 
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N 977 977 977 977 977 

R2 0.04 0.05 0.15 0.09 0.07 

F 5.72*** 7.34*** 24.13*** 13.52*** 10.98*** 

Note. Because the condition variables and political party (Democrats as base) were dummy coded, the intercept represents the mean 

of the control condition for Democrats. 

*p < .05. **p < .01. ***p < .001. 
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Mediation Via Perceived Consensus 

Study 1 

Central to the GBM is the pathway by which perceived consensus leads to increased 

belief in climate change and other climate change attitudes. Although we cannot directly test the 

GBM—which requires pre-post data—we tested for mediation between consensus message and 

climate change attitudes through perceived consensus. To do so, we used the mediation package 

in R (Tingley et al., 2014) and calculated the indirect effect of consensus message (article with 

consensus compared to control) on climate change attitudes via perceived consensus, running 

10,000 simulations with bias-corrected and accelerated (BCa) bootstrapped 95% confidence 

intervals. Through perceived consensus, the consensus article had a significant, positive indirect 

effect on climate change belief (0.14, [0.07, 0.24], p < .001), risk (0.18, [0.09, 0.30], p < .001), 

impact (0.11, [0.05, 0.19], p < .001), and support for action (0.10, [0.04, 0.22], p < .001). The 

results suggest that perceived consensus is a key mechanism by which the consensus article 

increased downstream climate change attitudes; without a pre-post design, however, the 

mediation is only suggestive, rather than direct, evidence for the GBM. 

Study 2 

Mediated Moderation Via Perceived Consensus  

Because of the significant moderation of political ideology on the relation between 

condition and perceived consensus, we ran a series of moderated mediation models (using the 

mediation package; Tingley et al., 2014). We calculated the indirect effect of consensus message 

(article with consensus compared to control) on climate change attitudes via perceived consensus 

separately for liberals (score of 2 on ideology) and conservatives (score of 6 on ideology), 

running 10,000 simulations with BCa bootstrapped 95% confidence intervals. For conservative 
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participants, there was a significant indirect effect of consensus message on climate change 

attitudes through perceived consensus for belief in climate change (0.28, [0.07, 0.51], p = .01), 

risk (0.31, [0.09, 0.59], p = .01), impact (0.24, [0.07, 0.47], p = .01), and support for action (0.30, 

[0.09, 0.58], p = .01). For liberals, none of the indirect effects were significant: belief (0.03, [-

0.01, 0.07], p = .14), risk (0.02, [-0.02, 0.07], p = .26), impact (0.02, [-0.01, 0.05], p = 0.26), and 

support for action (0.02, [-0.02, 0.06], p = .26). 

Study 3 

 We ran the same mediation models in Study 3, although we ran models for both the 0 to 

100 and Likert scale perceived consensus variables. For the 0 to 100 variable, perceived 

consensus was a significant mediator for belief (0.15, [0.04, 0.26], p = .01), impact (0.10, [0.02, 

0.18], p = .01), and support for action (0.15, [0.04, 0.27], p = .01). For the Likert variable, 

perceived consensus was not a significant mediator for belief (0.08, [-0.05, 0.20], p = .23), 

impact (0.06, [-0.04, 0.15], p = .23), or support for action (0.08, [-0.05, 0.19], p = .23). 
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APPENDIX B 

Abstract screening tool 

 

For all questions below, answer “yes”, “no”, or “maybe/unsure”. 

 

Any question answered “no” is excluded. 

Do not answer any further questions after the first “no”. 

 

Primary Research: 

Is the abstract an original study (e.g., not a review, meta-analysis, or secondary data analysis)? 

 

2. Language: 

Is the abstract written in English? 

 

3. Location*: 

Does the study use participants from the United States? 

 

4. Participant age: 

Are the participants adults (i.e., over 18 years old)? 

 

5. True experiment: 

Does the study use random assignment to different conditions? 

 

6. Outcome: 

Does the study seem to measure something related to climate change attitudes (error on the side 

of unsure if there’s any doubt)? 

 

Keep (all “yes” or “maybe/unsure” answers) or Drop (at least one “no” answer) 

 
*For non-US samples, mark the title and authors for future reference if the meta is expanded 

 

Coding protocol 

Q1. What is the article ID number? (from list of included studies) (id) 

 

Q2. What is the first author’s last name? (author) 

 

Q3. What is the experiment ID number? (exp.id) 

 

Q4. What is the dependent variable ID number? (dv.id) 

 

Q5. What is the effect size ID number? (es.id) 

 

Q6. What was the year of appearance of the report or publication? (year) 

 



 

209 

 

Q7. If the authors reported the exact dates of data collection, what year did they collect them in? 

(year.collected) 

 

Q8. What type of report? (pubtype) 

journal article 

book chapter 

dissertation 

MA thesis 

private report 

government report 

conference paper 

other (specify__________) 

 

Q9. Describe each condition (including the control condition) in the experiment. What did 

participants do in each condition? (conditions.open) 

 

Q10. What information was presented in the control condition? (control.type) 

 No information 

 Information or a task unrelated to climate change/global warming 

 Information or a task related to the environment but not climate change/global warming 

 A statement about climate change/global warming 

 Other (specify_________) 

 

Q11. How was politics measured? Select all that apply (separate by semi-colons). (politics) 

 Liberal/Conservative – categorical 

 Liberal/Conservative – continuous 

 Democrat/Republican – categorical 

 Democrat/Republican – continuous 

 Other (specify________) 

 

Q12. How was the sample collected? (setting) 

 In-person 

 Online 

 Unclear/not reported 

 

Q13. Was it a simple random sample (or a probability sample)? (random) Note: this will nearly 

always be “No”. If it’s yes, the authors will usually be pretty clear about it. 

 Yes 

 No 

 Unclear (describe________) 

 

Q14. Was the sample nationally representative? (representative). Note: they will usually mention 

this in the methods section if it is representative. 

 Yes 

 No 

 Unclear/not reported 
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Q15. What type of sample was it? (sample.type) 

 College student 

 Amazon Mechanical Turk (Mturk) 

 YouGov 

 Qualtrics panel 

 Other (specify _________) 

 

Q16. What proportion of the sample was female (in decimals)? (prop.female) 

 

Q17. What was the average age of the sample? (age) 

 

Q18. What proportion of the sample was white (in decimals)? (prop.white) 

 

Q19. What category is this treatment condition? Select all that apply. (condition) 

 Morality 

 Emotion 

 General information about the effects of climate change/global warming 

 Scientific information 

 Scientific consensus 

 Psychological distance 

 Other (specify____________) 

 

 

Q19. Describe more about the type of condition (e.g., morality was framed in terms of purity, a 

fear emotion was evoked, etc.) (condition.subtype) 

 

Q20. What specifically did the participants do in this condition? (condition.desc) 

 

Q21. What is the dependent variable? (dv.type)  

 Belief in natural climate change/global warming 

 Belief in anthropogenic (human-caused) climate change/global warming 

 Concern/worry about climate change/global warming 

 Risk/threat of climate change/global warming 

 Predicted impacts of climate change/global warming 

 Support for a climate change policy (specify_________) 

 Support for renewable energy 

 Other (specify____________) 

 

Q22. Was the dependent variable about climate change or global warming? (cc.gw) 

 Climate change 

 Global warming 

 Phrasing included both 

 Neither 

 

Q23. What is the Cohen’s d (treatment condition – control)? (d) 
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Q24. What is the variance of Cohen’s d? (v) 

 

Q25. How did you calculate this effect size? (calc.method) 

 

Q26. On which page(s) did you find the numbers for the effect size? (pages) 

 

Q27. If you could not calculate the effect size, why couldn’t you? Did you have partial 

information about it? (missing.info) 

 

Q28. Do we need to email the authors? (email) 

 Yes 

 No 

 

Q29. If we need to email the authors, what do we need to ask for to calculate this effect size? 

(email.open)  

 

 

Q30. Whether the intervention was aiming to positively influence climate change attitudes. 

(intervention.direction) 

Positive (1) 

Balanced (0) 

Negative (-1) 

  

Q31. How was the intervention carried out/manipulated? Select all that apply. (medium.type) 

Video 

Text 

Image or map 

Other (Specify_______) 
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APPENDIX C 

 

 

Table C1 

 

Effect sizes and Moderator Scores for All Studies 

Paper Study g v 
Intervention 

direction 

Condition 

category 
DV category DV phrasing Medium 

Ma et al. (2019) 

Study 1 0.13 0.01 Positive General CC Info Belief in ACC Climate change Text 

Study 1 0.02 0.01 Positive Consensus Belief in ACC Climate change Text 

Study 1 0.12 0.01 Positive General CC Info Risk Climate change Text 

Study 1 0.11 0.01 Positive Consensus Risk Climate change Text 

Study 1 0.01 0.01 Positive General CC Info Policy Support Climate change Text 

Study 1 0.08 0.01 Positive Consensus Policy Support Climate change Text 

Brewer & McKnight, 

(2015) 

Study 1 0.31 0.02 Positive Emotion Belief in natural CC Global warming Video 

Study 1 0.26 0.01 Positive Emotion Belief in natural CC Global warming Video 

 

Chu & Yang (2018) 

Study 1 0.08 0.01 Positive Psych. Dist. Near Risk Climate change Video 

Study 1 0.10 0.01 Positive Psych. Dist. Near Risk Climate change Video 

Study 1 0.04 0.01 Positive Psych. Dist. Far Risk Climate change Video 

Study 1 -0.09 0.01 Positive Psych. Dist. Far Risk Climate change Video 

Study 1 0.08 0.01 Positive Psych. Dist. Near Policy Support Climate change Video 

Study 1 0.16 0.01 Positive Psych. Dist. Near Policy Support Climate change Video 

Study 1 0.00 0.01 Positive Psych. Dist. Far Policy Support Climate change Video 

Study 1 -0.05 0.01 Positive Psych. Dist. Far Policy Support Climate change Video 

Study 1 0.07 0.01 Positive Psych. Dist. Near Concern Climate change Video 

Study 1 0.09 0.01 Positive Psych. Dist. Near Concern Climate change Video 

Study 1 0.10 0.01 Positive Psych. Dist. Far Concern Climate change Video 

Study 1 -0.05 0.01 Positive Psych. Dist. Far Concern Climate change Video 

Hu et al. (2018) Study 1 -0.26 0.02 Positive Other Policy Support Climate change Other 

Anderson & Becker 

(2018) 

Study 1 0.24 0.05 Positive Emotion Risk Global warming Video 

Study 1 -0.16 0.04 Balanced Emotion Risk Global warming Video 

Study 1 -0.04 0.05 Positive Emotion Belief in natural CC Global warming Video 

Study 1 -0.26 0.04 Balanced Emotion Belief in natural CC Global warming Video 

Wong-Parodi & 

Fischhoff (2015) 

Study 1 0.15 0.03 Positive Other Belief in natural CC Global warming Image/Map 

Study 1 0.12 0.03 Positive General CC Info Belief in natural CC Global warming Text 

Study 1 0.26 0.04 Positive Other Belief in natural CC Global warming Image/Map 
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Study 1 -0.09 0.03 Positive General CC Info Belief in natural CC Global warming Image/Map 

Study 1 -0.04 0.03 Positive Other Belief in natural CC Global warming Image/Map 

Study 1 -0.06 0.03 Positive General CC Info Belief in natural CC Global warming Image/Map 

Study 1 0.27 0.04 Positive Other Belief in natural CC Global warming Image/Map 

Bolsen & Druckman 

(2018) 

Study 1 -0.08 0.01 Positive Consensus Belief in natural CC Climate change Text 

Study 1 -0.01 0.01 Balanced Consensus Belief in natural CC Climate change Text 

Study 1 0.02 0.01 Balanced Consensus Belief in natural CC Climate change Text 

Study 1 -0.03 0.01 Balanced Consensus Belief in natural CC Climate change Text 

Study 1 0.14 0.01 Positive Consensus Belief in ACC Climate change Text 

Study 1 -0.11 0.01 Balanced Consensus Belief in ACC Climate change Text 

Study 1 -0.07 0.01 Balanced Consensus Belief in ACC Climate change Text 

Study 1 -0.1 0.01 Balanced Consensus Belief in ACC Climate change Text 

Study 1 0.07 0.01 Positive Consensus Policy Support Climate change Text 

Study 1 0.05 0.01 Balanced Consensus Policy Support Climate change Text 

Study 1 -0.04 0.01 Balanced Consensus Policy Support Climate change Text 

Study 1 0.00 0.01 Balanced Consensus Policy Support Climate change Text 

Bolsen et al. (2018) 

Study 1 0.47 0.01 Positive General CC Info Risk Neither Text 

Study 1 0.37 0.01 Positive Other Risk Neither Image/Map 

Study 1 0.26 0.01 Positive Other Risk Neither Image/Map 

Study 1 0.20 0.01 Positive General CC Info Concern Neither Text 

Study 1 0.28 0.01 Positive Other Concern Neither Image/Map 

Study 1 0.09 0.01 Positive Other Concern Neither Image/Map 

Study 1 0.22 0.01 Positive General CC Info Belief in ACC Global warming Text 

Study 1 0.25 0.01 Positive Other Belief in ACC Global warming Image/Map 

Study 1 0.01 0.01 Positive Other Belief in ACC Global warming Image/Map 

Skurka et al. (2018) 

Study 1 0.11 0.01 Positive General CC Info Risk Climate change Video 

Study 1 0.16 0.01 Positive Emotion Risk Climate change Video 

Study 1 0.10 0.01 Positive Emotion Risk Climate change Video 

Manning et al. (2018) 

Study 1 0.18 0.07 Positive Psych. Dist. Near Belief in natural CC Climate change Text 

Study 1 0.22 0.07 Positive Psych. Dist. Far Belief in natural CC Climate change Text 

Study 1 0.32 0.07 Positive Psych. Dist. Near Risk Climate change Text 

Study 1 0.2 0.07 Positive Psych. Dist. Far Risk Climate change Text 

Study 1 0.41 0.07 Positive Psych. Dist. Near Concern Climate change Text 

Study 1 0.10 0.07 Positive Psych. Dist. Far Concern Climate change Text 

Study 1 0.00 0.07 Positive Psych. Dist. Near Other Climate change Text 

Study 1 -0.07 0.07 Positive Psych. Dist. Far Other Climate change Text 

Study 1 0.08 0.07 Positive Psych. Dist. Near Other Climate change Text 

Study 1 -0.40 0.07 Positive Psych. Dist. Far Other Climate change Text 

Tesler (2018) Study 1 0.14 0.003 Positive Other Belief in ACC Global warming Text 
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Dixon et al. (2017) 

Study 1 0.12 0.02 Positive Other Belief in ACC Climate change Text 

Study 1 -0.02 0.02 Positive Religion Belief in ACC Climate change Text 

Study 1 0.12 0.02 Positive Economy Belief in ACC Climate change Text 

Study 1 0.10 0.02 Positive Consensus Belief in ACC Climate change Text 

Study 1 0.21 0.02 Positive Consensus Belief in ACC Climate change Text 

Study 1 0.24 0.02 Positive Religion Belief in ACC Climate change Text 

Study 1 0.07 0.02 Positive Economy Belief in ACC Climate change Text 

Singh & Swanson 

(2017) 

Study 1 -0.21 0.01 Positive General CC Info Policy Support Climate change Text 

Study 1 -0.11 0.01 Positive General CC Info Policy Support Climate change Text 

Study 1 0.02 0.01 Positive Other Policy Support Climate change Text 

Study 1 -0.17 0.01 Positive Other Policy Support Climate change Text 

Study 1 0.06 0.01 Positive Nat. Security Policy Support Climate change Text 

Study 1 0.05 0.01 Positive Nat. Security Policy Support Climate change Text 

Guisinger & 

Saunders (2017) 

Study 1 0.15 0.01 Positive Nat. Security Other Neither Text 

Study 1 0.03 0.01 Positive Nat. Security Other Neither Text 

Study 1 0.09 0.01 Positive Nat. Security Other Neither Text 

Cook et al. (2017) 

Study 1 0.14 0.01 Balanced Consensus Belief in ACC Climate change Text 

Study 1 0.06 0.01 Balanced Other Belief in ACC Climate change Text 

Study 1 0.16 0.01 Balanced Consensus Belief in ACC Climate change Text 

Study 1 -0.16 0.01 Balanced Other Belief in ACC Climate change Text 

Study 1 0.13 0.01 Balanced Consensus Policy Support Neither Text 

Study 1 -0.03 0.01 Balanced Other Policy Support Neither Text 

Study 1 0.06 0.01 Balanced Consensus Policy Support Neither Text 

Study 1 -0.07 0.01 Balanced Other Policy Support Neither Text 

Study 1 0.01 0.01 Balanced Consensus Other Neither Text 

Study 1 0.15 0.01 Balanced Other Other Neither Text 

Study 1 0.17 0.01 Balanced Consensus Other Neither Text 

Study 1 -0.09 0.01 Balanced Other Other Neither Text 

Study 1 0.12 0.01 Balanced Consensus Belief in ACC Neither Text 

Study 1 0.08 0.01 Balanced Other Belief in ACC Neither Text 

Study 1 0.11 0.01 Balanced Consensus Belief in ACC Neither Text 

Study 1 -0.18 0.01 Balanced Other Belief in ACC Neither Text 

Study 2 -0.04 0.02 Positive Other Belief in ACC Climate change Text 

Study 2 -0.12 0.02 Negative Other Belief in ACC Climate change Text 

Study 2 0.12 0.02 Balanced Other Belief in ACC Climate change Text 

Study 2 -0.06 0.02 Positive Other Policy Support Neither Text 

Study 2 -0.19 0.02 Negative Other Policy Support Neither Text 

Study 2 0.11 0.02 Balanced Other Policy Support Neither Text 

Study 2 0.14 0.02 Positive Other Other Neither Text 

Study 2 -0.11 0.02 Negative Other Other Neither Text 
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Study 2 -0.14 0.02 Balanced Other Other Neither Text 

Study 2 0.08 0.02 Positive Other Belief in ACC Neither Text 

Study 2 -0.16 0.02 Negative Other Belief in ACC Neither Text 

Study 2 -0.14 0.02 Balanced Other Belief in ACC Neither Text 

Schuldt et al. (2017) 
Study 1 0.09 0.004 Positive Religion Other Climate change Image/Map 

Study 1 0.05 0.004 Positive Religion Other Climate change Image/Map 

Brewer & McKnight 

(2017) 

Study 1 0.30 0.01 Positive Consensus Belief in natural CC Global warming Video 

Study 1 0.16 0.01 Positive Consensus Belief in ACC Neither Video 

Baumer et al. (2017) 

Study 1 0.17 0.01 Positive Other Belief in natural CC Both Text 

Study 1 0.07 0.01 Positive Other Policy Support Climate change Text 

Study 1 0.12 0.01 Positive Other Other Climate change Text 

Hardy & Jamieson 

(2017) 

Study 1 -0.80 0.01 Negative Other Risk Neither Text 

Study 1 -0.19 0.01 Balanced Other Risk Neither Image/Map 

Drummond et al. 

(2016) 

Study 1 -0.14 0.02 Positive Other Policy Support Climate change Text 

Study 1 -0.11 0.02 Positive Other Other Neither Text 

Deryugina & 

Shurchkov (2016) 

Study 1 0.16 0.005 Positive Consensus Belief in natural CC Global warming Text 

Study 1 -0.01 0.005 Positive Consensus Belief in natural CC Global warming Text 

Study 1 0.11 0.005 Positive Consensus Belief in ACC Global warming Text 

Study 1 0.01 0.005 Positive Consensus Belief in ACC Global warming Text 

Study 1 0.03 0.005 Positive Consensus Policy Support Both Text 

Study 1 0.02 0.005 Positive Consensus Policy Support Both Text 

Study 1 0.14 0.005 Positive Consensus Risk Neither Text 

Study 1 0.05 0.005 Positive Consensus Risk Neither Text 

Study 1 0.15 0.005 Positive Consensus Risk Neither Text 

Study 1 0.06 0.005 Positive Consensus Risk Neither Text 

Study 1 0.01 0.005 Positive Consensus Risk Neither Text 

Study 1 0.02 0.005 Positive Consensus Risk Neither Text 

Zhou (2016) 

Study 1 -0.15 0.04 Positive Economy Policy Support Climate change Text 

Study 1 -0.35 0.04 Positive Economy Policy Support Climate change Text 

Study 1 -0.46 0.04 Positive Nat. Security Policy Support Climate change Text 

Study 1 -0.49 0.04 Positive Nat. Security Policy Support Climate change Text 

Study 1 -0.47 0.04 Positive Morality Policy Support Climate change Text 

Study 1 -0.04 0.04 Positive Morality Policy Support Climate change Text 

Study 1 -0.10 0.04 Positive Other Policy Support Climate change Text 

Study 1 -0.10 0.04 Positive Other Policy Support Climate change Text 

Cook & 

Lewandowsky (2016) 

Study 1 0.02 0.02 Positive Consensus Belief in ACC Climate change Image/Map 

Study 1 0.15 0.02 Positive Other Belief in ACC Climate change Text 

Study 1 0.11 0.02 Positive Consensus Belief in ACC Climate change Image/Map 

Study 1 0.21 0.02 Positive Consensus Belief in ACC Neither Image/Map 

Study 1 0.13 0.02 Positive Other Belief in ACC Neither Text 
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Study 1 0.19 0.02 Positive Consensus Belief in ACC Neither Image/Map 

Study 1 0.07 0.02 Positive Consensus Other Neither Image/Map 

Study 1 0.02 0.02 Positive Other Other Neither Text 

Study 1 0.03 0.02 Positive Consensus Other Neither Image/Map 

Carrico et al. (2015) 

Study 1 -0.02 0.01 Positive Other Belief in natural CC Neither Text 

Study 1 0.07 0.01 Positive Other Belief in natural CC Neither Text 

Study 1 0.08 0.01 Positive Other Risk Neither Text 

Study 1 -0.02 0.01 Positive Other Risk Neither Text 

Study 1 0.05 0.005 Positive Other Policy Support Global warming Text 

Study 1 0.00 0.005 Positive Other Policy Support Global warming Text 

Study 1 -0.07 0.005 Positive Other Policy Support Global warming Text 

Study 1 0.00 0.005 Positive Other Policy Support Global warming Text 

Study 2 0.15 0.01 Positive Other Belief in natural CC Neither Text 

Study 2 0.09 0.01 Positive Other Belief in natural CC Neither Text 

Study 2 0.11 0.01 Positive Other Risk Neither Text 

Study 2 0.01 0.01 Positive Other Risk Neither Text 

Study 2 0.06 0.01 Positive Other Policy Support Global warming Text 

Study 2 0.01 0.01 Positive Other Policy Support Global warming Text 

Zaval et al. (2015) 

Study 1 0.14 0.01 Positive Other Belief in natural CC Global warming Other 

Study 1 0.21 0.01 Positive Other Policy Support Neither Other 

Study 1 0.24 0.01 Positive Other Other Climate change Other 

Albertson & Busby 

(2015) 

Study 2 -0.06 0.02 Positive Morality Concern Climate change Text 

Study 2 -0.22 0.02 Positive Economy Concern Climate change Text 

Study 2 -0.07 0.02 Positive Economy Concern Climate change Text 

Study 2 -0.13 0.03 Positive Morality Belief in ACC Climate change Text 

Study 2 0.01 0.03 Positive Economy Belief in ACC Climate change Text 

Study 2 -0.09 0.03 Positive Economy Belief in ACC Climate change Text 

Study 2 -0.09 0.02 Positive Morality Other Climate change Text 

Study 2 -0.22 0.02 Positive Economy Other Climate change Text 

Study 2 -0.13 0.02 Positive Economy Other Climate change Text 

Study 2 -0.14 0.02 Positive Morality Other Climate change Text 

Study 2 -0.06 0.02 Positive Economy Other Climate change Text 

Study 2 -0.04 0.02 Positive Economy Other Climate change Text 

van der Linden et al. 

(2014) 

Study 1 0.05 0.01 Positive Consensus Belief in natural CC Climate change Text 

Study 1 0.10 0.01 Positive Consensus Belief in ACC Climate change Text 

Study 1 0.09 0.01 Positive Consensus Concern Climate change Text 

Study 1 0.11 0.01 Positive Consensus Policy Support Climate change Text 

Schuldt & Roh 

(2014) 

Study 2 0.00 0.04 Positive Other Belief in natural CC Both Image/Map 

Study 2 -0.13 0.04 Negative Other Belief in natural CC Both Image/Map 

Bolsen et al. (2014) Study 1 0.08 0.02 Positive Other Belief in natural CC Global warming Text 
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Study 1 -0.06 0.02 Negative Other Belief in natural CC Global warming Text 

Study 1 0.16 0.02 Positive Other Belief in natural CC Global warming Text 

Study 1 0.11 0.02 Negative Other Belief in natural CC Global warming Text 

Study 1 -0.03 0.02 Positive Other Belief in ACC Global warming Text 

Study 1 -0.11 0.02 Negative Other Belief in ACC Global warming Text 

Study 1 0.09 0.02 Positive Other Belief in ACC Global warming Text 

Study 1 -0.15 0.02 Negative Other Belief in ACC Global warming Text 

Study 1 -0.11 0.02 Positive Other Policy Support Neither Text 

Study 1 -0.26 0.02 Negative Other Policy Support Neither Text 

Study 1 -0.09 0.02 Positive Other Policy Support Neither Text 

Study 1 -0.10 0.02 Negative Other Policy Support Neither Text 

Study 2 -0.12 0.01 Positive Other Belief in natural CC Global warming Text 

Study 2 -0.05 0.01 Positive Consensus Belief in natural CC Global warming Text 

Study 2 0.00 0.01 Positive Consensus Belief in natural CC Global warming Text 

Study 2 -0.09 0.01 Positive Other Belief in ACC Global warming Text 

Study 2 0.00 0.01 Positive Consensus Belief in ACC Global warming Text 

Study 2 -0.10 0.01 Positive Consensus Belief in ACC Global warming Text 

Study 2 0.02 0.01 Positive Other Policy Support Neither Text 

Study 2 0.00 0.01 Positive Consensus Policy Support Neither Text 

Study 2 0.03 0.01 Positive Consensus Policy Support Neither Text 

Jang (2013) 

Study 1 -0.37 0.02 Negative Other Belief in ACC Climate change Text 

Study 1 0.02 0.02 Positive Other Belief in ACC Climate change Text 

Study 1 -0.36 0.02 Negative Other Concern Global warming Text 

Study 1 0.01 0.02 Positive Other Concern Global warming Text 

Study 1 -0.29 0.02 Negative Other Policy Support Climate change Text 

Study 1 0.05 0.02 Positive Other Policy Support Climate change Text 

Study 1 -0.35 0.02 Negative Other Policy Support Neither Text 

Study 1 0.04 0.02 Positive Other Policy Support Neither Text 

Feinberg & Willer 

(2013) 

Study 3 0.19 0.02 Positive Morality Belief in ACC Global warming Text 

Study 3 -0.06 0.02 Positive Morality Belief in ACC Global warming Text 

Risen & Critcher 

(2011) 

Study 2 0.44 0.05 Positive Other Belief in natural CC Global warming Other 

Study 3 0.40 0.12 Positive Other Belief in natural CC Global warming Other 

Study 4 -0.05 0.07 Positive Other Belief in natural CC Global warming Other 

Joireman et al. (2010) Study 2 0.71 0.10 Positive Other Belief in natural CC Global warming Other 

Bakaki & Bernauer 

(2017) 

Study 1 -0.03 0.01 Positive Other Policy Support Global warming Text 

Study 1 -0.03 0.01 Balanced Other Policy Support Global warming Text 

Clayton et al. (2013) 

Study 2 0.25 0.02 Positive Other Other Climate change Text 

Study 2 0.32 0.02 Positive Other Other Climate change Text 

Study 2 -0.12 0.02 Positive Other Other Climate change Text 

Study 2 -0.05 0.02 Positive Other Policy Support Climate change Text 
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Study 2 -0.04 0.02 Positive Other Policy Support Climate change Text 

Study 2 -0.10 0.02 Positive Other Policy Support Climate change Text 

Study 2 -0.07 0.02 Positive Other Other Climate change Text 

Study 2 -0.09 0.02 Positive Other Other Climate change Text 

Study 2 0.02 0.02 Positive Other Other Climate change Text 

Study 2 0.03 0.02 Positive Other Other Climate change Text 

Study 2 0.03 0.02 Positive Other Other Climate change Text 

Study 2 -0.17 0.02 Positive Other Other Climate change Text 

Study 2 -0.10 0.02 Positive Other Risk Climate change Text 

Study 2 -0.11 0.02 Positive Other Risk Climate change Text 

Study 2 -0.17 0.02 Positive Other Risk Climate change Text 

Study 2 -0.06 0.02 Positive Other Concern Climate change Text 

Study 2 -0.14 0.02 Positive Other Concern Climate change Text 

Study 2 -0.06 0.02 Positive Other Concern Climate change Text 

Budescu et al. (2012) 

Study 1 0.15 0.01 Positive General CC Info Belief in natural CC Global warming Text 

Study 1 -0.03 0.01 Positive Other Belief in natural CC Global warming Text 

Study 1 -0.13 0.01 Positive Other Belief in natural CC Global warming Text 

Study 1 0.17 0.01 Positive General CC Info Other Global warming Text 

Study 1 -0.05 0.01 Positive Other Other Global warming Text 

Study 1 -0.25 0.01 Positive Other Other Global warming Text 

Study 1 0.14 0.01 Positive General CC Info Belief in ACC Global warming Text 

Study 1 0.06 0.01 Positive Other Belief in ACC Global warming Text 

Study 1 -0.17 0.01 Positive Other Belief in ACC Global warming Text 

Study 1 0.14 0.01 Positive General CC Info Risk Global warming Text 

Study 1 0.06 0.01 Positive Other Risk Global warming Text 

Study 1 0.01 0.01 Positive Other Risk Global warming Text 

van der Linden et al. 

(2019) 

Study 1 0.12 0.001 Positive Consensus Belief in natural CC Global warming Text 

Study 1 0.14 0.001 Positive Consensus Belief in ACC Global warming Text 

Study 1 0.10 0.001 Positive Consensus Concern Global warming Text 

Study 1 0.08 0.001 Positive Consensus Policy Support Global warming Text 

Goldberg et al. 

(2019) 

Study 1 -0.05 0.01 Positive Consensus Belief in natural CC Global warming Text 

Study 1 -0.05 0.01 Positive Consensus Belief in ACC Global warming Text 

Study 1 -0.02 0.01 Positive Consensus Concern Global warming Text 

Study 2 0.04 0.01 Positive Consensus Belief in natural CC Global warming Text 

Study 2 0.16 0.01 Positive Consensus Belief in ACC Global warming Text 

Study 2 0.09 0.01 Positive Consensus Concern Global warming Text 

Study 3 0.03 0.01 Positive Consensus Belief in natural CC Global warming Text 

Study 3 -0.03 0.01 Positive Consensus Belief in ACC Global warming Text 

Study 3 0.01 0.01 Positive Consensus Concern Global warming Text 

Study 4 0.17 0.01 Positive Consensus Belief in natural CC Global warming Text 
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Study 4 0.07 0.01 Positive Consensus Belief in ACC Global warming Text 

Study 4 0.08 0.01 Positive Consensus Concern Global warming Text 

Shin & Preston 

(2019) 

Study 2 0.28 0.01 Positive Religion Belief in natural CC Neither Text 

Study 2 0.08 0.01 Balanced Religion Belief in natural CC Neither Text 

Study 2 0.24 0.01 Positive Religion Belief in ACC Climate change Text 

Study 2 0.13 0.01 Balanced Religion Belief in ACC Climate change Text 

Study 3 0.24 0.01 Positive Religion Belief in natural CC Neither Text 

Study 3 0.27 0.01 Positive Religion Belief in ACC Climate change Text 

Gehlbach et al. 

(2019) 
Study 1 0.16 0.01 Positive Other Belief in ACC Both Other 

Sparks (2017) 
Study 2 0.09 0.01 Positive Psych. Dist. Far Other Climate change Image/Map 

Study 2 0.13 0.01 Positive Psych. Dist. Near Other Climate change Image/Map 

Skurka et al. (2019) 

Study 1 0.24 0.01 Positive Consensus Risk Climate change Video 

Study 1 0.19 0.01 Positive Emotion Risk Climate change Video 

Study 1 0.08 0.01 Positive Consensus Risk Climate change Video 

Study 1 0.03 0.01 Positive Emotion Risk Climate change Video 

Goldberg, Gustafson, 

et al. (2019) 

Study 2 0.06 0.004 Positive Religion Belief in natural CC Global warming Text 

Study 2 0.07 0.004 Positive Religion Belief in natural CC Global warming Text 

Study 2 0.14 0.004 Positive Religion Belief in ACC Global warming Text 

Study 2 0.04 0.004 Positive Religion Belief in ACC Global warming Text 

Study 2 0.14 0.004 Positive Religion Concern Global warming Text 

Study 2 0.08 0.004 Positive Religion Concern Global warming Text 

Bolsen et al. (2019) 

Study 1 0.15 0.01 Positive General CC Info Belief in natural CC Climate change Text 

Study 1 0.17 0.01 Positive General CC Info Belief in natural CC Climate change Image/Map 

Study 1 0.06 0.01 Balanced Other Belief in natural CC Climate change Text 

Study 1 0.21 0.01 Balanced Other Belief in natural CC Climate change Image/Map 

Study 1 0.20 0.01 Positive General CC Info Risk Climate change Text 

Study 1 0.24 0.01 Positive General CC Info Risk Climate change Image/Map 

Study 1 0.13 0.01 Balanced Other Risk Climate change Text 

Study 1 0.19 0.01 Balanced Other Risk Climate change Image/Map 

Study 1 0.13 0.01 Positive General CC Info Other Climate change Text 

Study 1 0.11 0.01 Positive General CC Info Other Climate change Image/Map 

Study 1 0.06 0.01 Balanced Other Other Climate change Text 

Study 1 0.15 0.01 Balanced Other Other Climate change Image/Map 

Study 1 0.14 0.01 Positive General CC Info Risk Climate change Text 

Study 1 0.19 0.01 Positive General CC Info Risk Climate change Image/Map 

Study 1 -0.01 0.01 Balanced Other Risk Climate change Text 

Study 1 0.23 0.01 Balanced Other Risk Climate change Image/Map 

Truelove et al. (2016) 
Study 1 0.05 0.03 Positive Other Concern Global warming Other 

Study 1 0.33 0.03 Positive Other Concern Global warming Other 
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Wolske et al. (2019) 

Study 1 -0.05 0.01 Positive Other Policy Support Unclear Text 

Study 1 -0.17 0.01 Positive Other Policy Support Unclear Text 

Study 1 -0.02 0.01 Positive Other Policy Support Unclear Text 

Study 1 -0.05 0.01 Balanced Other Policy Support Unclear Text 

Study 1 0.04 0.01 Balanced Other Policy Support Unclear Text 

Study 1 -0.02 0.01 Balanced Other Policy Support Unclear Text 

 

 

 

 

 

 

 

Myers et al. (2015) 

 

Study 1 0.03 0.01 Positive Consensus Belief in natural CC Climate change Text 

Study 1 0.03 0.01 Positive Consensus Belief in natural CC Climate change Text 

Study 1 0.04 0.01 Positive Consensus Belief in natural CC Climate change Text 

Study 1 0.08 0.01 Positive Consensus Belief in natural CC Climate change Text 

Study 1 -0.05 0.01 Positive Consensus Belief in natural CC Climate change Text 

Study 1 0.01 0.01 Positive Consensus Belief in ACC Climate change Text 

Study 1 0.08 0.01 Positive Consensus Belief in ACC Climate change Text 

Study 1 0.06 0.01 Positive Consensus Belief in ACC Climate change Text 

Study 1 0.10 0.01 Positive Consensus Belief in ACC Climate change Text 

Study 1 0.00 0.01 Positive Consensus Belief in ACC Climate change Text 

Study 1 0.17 0.01 Positive Consensus Risk Climate change Text 

Study 1 0.05 0.01 Positive Consensus Risk Climate change Text 

Study 1 0.16 0.01 Positive Consensus Risk Climate change Text 

Study 1 0.14 0.01 Positive Consensus Risk Climate change Text 

Study 1 -0.07 0.01 Positive Consensus Risk Climate change Text 

Study 1 0.01 0.01 Positive Consensus Policy Support Climate change Text 

Study 1 0.04 0.01 Positive Consensus Policy Support Climate change Text 

Study 1 0.06 0.01 Positive Consensus Policy Support Climate change Text 

Study 1 0.02 0.01 Positive Consensus Policy Support Climate change Text 

Study 1 -0.07 0.01 Positive Consensus Policy Support Climate change Text 

Watkins & Goodwin 

(2019) 
Study 1 -0.02 0.02 Positive Other Policy Support Global warming Other 

Stroik et al. (2019) 

Study 1 0.08 0.003 Positive Other Policy Support Neither Text 

Study 1 -0.17 0.003 Negative Other Policy Support Neither Text 

Study 2 0.02 0.002 Positive Other Policy Support Neither Text 

Study 2 -0.42 0.002 Negative Other Policy Support Neither Text 

Cruz (2019) 
Study 1 0.07 0.01 Positive Economy Policy Support Climate change Text 

Study 1 -0.26 0.01 Negative Economy Policy Support Climate change Text 

Porter et al. (2019) 

Study 1 -0.37 0.01 Negative Other Other Neither Text 

Study 1 0.16 0.01 Balanced Other Other Neither Text 

Study 2 -0.13 0.004 Negative Other Other Neither Text 

Study 2 0.06 0.004 Balanced Other Other Neither Text 

Motta et al. (2019) Study 1 0.07 0.001 Positive General CC Info Belief in ACC Neither Text 
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Mildenberger et al. 

(2019) 

Study 1 0.13 0.003 Positive Psych. Dist. Near Other Neither Image/Map 

Study 1 0.12 0.003 Positive Psych. Dist. Near Other Neither Image/Map 

Halperin & Walton 

(2018) 

Study 1 0.19 0.01 Positive Psych. Dist. Near Belief in natural CC Climate change Text 

Study 1 0.05 0.01 Positive Psych. Dist. Far Belief in natural CC Climate change Text 

Study 1 0.17 0.01 Positive Psych. Dist. Near Belief in natural CC Global warming Text 

Study 1 0.05 0.01 Positive Psych. Dist. Far Belief in natural CC Global warming Text 

Schoenefeld & 

McCauley (2016) 

Study 1 0.13 0.06 Positive Psych. Dist. Near Other Climate change Text 

Study 1 -0.03 0.06 Positive Psych. Dist. Far Other Climate change Text 

Study 1 -0.12 0.06 Positive Psych. Dist. Near Policy Support Climate change Text 

Study 1 -0.02 0.06 Positive Psych. Dist. Far Policy Support Climate change Text 

Kotcher et al. (2018) 

Study 1 0.16 0.01 Positive General CC Info Risk Global warming Text 

Study 1 0.10 0.01 Positive General CC Info Other Global warming Text 

Study 1 0.09 0.01 Positive General CC Info Concern Global warming Text 

Study 1 0.10 0.01 Positive General CC Info Risk Global warming Text 

Study 1 -0.02 0.01 Positive General CC Info Policy Support Global warming Text 

Rode et al. (2019) 

Study 1 0.17 0.02 Positive General CC Info Belief in ACC Climate change Text 

Study 1 0.34 0.02 Positive Consensus Belief in ACC Climate change Text 

Study 1 0.28 0.02 Positive General CC Info Risk Both Text 

Study 1 0.32 0.02 Positive Consensus Risk Both Text 

Study 1 0.32 0.02 Positive General CC Info Risk Both Text 

Study 1 0.33 0.02 Positive Consensus Risk Both Text 

Study 1 0.07 0.02 Positive General CC Info Policy Support Global warming Text 

Study 1 0.20 0.02 Positive Consensus Policy Support Global warming Text 

Study 2 -0.15 0.01 Positive General CC Info Belief in ACC Climate change Text 

Study 2 0.07 0.01 Positive Consensus Belief in ACC Climate change Text 

Study 2 -0.1 0.01 Positive General CC Info Risk Both Text 

Study 2 0.05 0.01 Positive Consensus Risk Both Text 

Study 2 -0.15 0.01 Positive General CC Info Risk Both Text 

Study 2 0.00 0.01 Positive Consensus Risk Both Text 

Study 2 -0.18 0.01 Positive General CC Info Policy Support Global warming Text 

Study 2 -0.02 0.01 Positive Consensus Policy Support Global warming Text 

Goldberg, van der 

Linden, Ballew, 

Rosenthal, 

Gustafson, et al. 

(2019) 

Study 1 0.08 0.01 Positive Consensus Belief in natural CC Global warming Text 

Study 1 0.05 0.01 Positive Consensus Belief in natural CC Global warming Video 

Study 1 0.06 0.01 Positive Consensus Belief in ACC Global warming Text 

Study 1 0.05 0.01 Positive Consensus Belief in ACC Global warming Video 

Study 1 0.18 0.01 Positive Consensus Concern Global warming Text 

Study 1 0.08 0.01 Positive Consensus Concern Global warming Video 

Study 1 0.16 0.01 Positive Consensus Policy Support Global warming Text 

Study 1 0.11 0.01 Positive Consensus Policy Support Global warming Video 

Study 1 -0.31 0.004 Negative Other Policy Support Neither Text 
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Stroik & Jamelske 

(2017) 
Study 2 -0.52 0.003 Negative Other Policy Support Neither Text 

Clarke et al. (2019) 
Study 1 -0.01 0.02 Positive Consensus Policy Support Climate change Video 

Study 1 -0.05 0.02 Positive Consensus Policy Support Climate change Video 

Note. CC = Climate change; ACC = Anthropogenic climate change. In Sparks (2017), the study used was Study 2 from Chapter 4. “Study” refers to the 

independent experiment used in the paper. If a paper had one experiment, then it is listed in the table as “Study 1”. If a paper had multiple experiments, then the 

table lists the name of the study that was used. If a paper had multiple samples (but not labeled as separate experiments in the paper, like “Study 1” or “Study 2”), 

then they are listed in the table as “Study 1”, “Study 2”, etc. to denote independent samples.  
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