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RESEARCH ARTICLE

Combatting Climate Disinformation: Comparing the Effectiveness
of Correction Placement and Type
Clara Christnera, Pascal Merza, Berend Barkelaa, Hermann Jungkunstb and Christian von
Sikorskia

aInstitute for Communication Psychology and Media Education, University of Kaiserslautern-Landau, Landau,
Germany; bInstitute for Environmental Sciences, University of Kaiserslautern-Landau, Landau, Germany

ABSTRACT
In this study, we investigated whether corrections can combat climate
disinformation. Using a preregistered quota-based online experiment in
Germany (N = 1401), we tested how the effectiveness of disinformation
correction in reducing climate misperceptions was influenced by
correction placement (prebunking or debunking) and correction type
(focused on facts, logic, or the combination of both). We investigated
how populist radical-right (PRR) attitudes moderate the effect of
disinformation correction and whether correction alleviates the negative
effects of disinformation on efficacy beliefs to mitigate climate change
(EBMCC) through reduced misperceptions. All debunking conditions
and the logic-focused prebunking condition significantly reduced
climate misperceptions. Prebunking was only effective under the logic-
focused correction condition. We found no moderating effect of PRR
attitudes on climate misperceptions, suggesting that corrections
similarly benefitted all participants. In addition, a significant indirect
effect of corrections was observed on EBMCC via climate misperceptions.
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Responses to climate change are hampered by disinformation (e.g. Lewandowsky, 2021). Such cli-
mate disinformation is defined as false or misleading information that systematically questions the
anthropogenic nature of climate change or confuses public debate to justify inaction to mitigate cli-
mate change (e.g. Treen et al., 2020). Although very similar to the overarching concept of misinfor-
mation, disinformation is actively created and disseminated, for example, by conservative think
tanks or political parties (Lewandowsky, 2021). Climate disinformation is particularly prevalent
on social media platforms that favor the creation and dissemination of disinformation by design
(e.g. Treen et al., 2020). Misperceptions resulting from exposure to disinformation threaten societal
discourses and undermine efforts to mitigate climate change. Hence, it is crucial to correct climate
disinformation and respective misperceptions.

Previous research has shown that corrections are effective (e.g. Walter & Murphy, 2018). How-
ever, research on disinformation corrections still contains several research gaps. First, it remains
unclear whether different correction placements (i.e. prebunking or debunking) and correction
types (i.e. fact-focused, logic-focused) are more effective in combatting (climate) disinformation
(see Ecker et al., 2022). Second, more research is needed to explore if corrections’ effectiveness is
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limited by prior attitudes (Ecker & Ang, 2019; Thorson, 2016). In particular, populist radical-right
(PRR) attitudes may increase vulnerability to (climate) disinformation and resistance to correction
(e.g. Forchtner et al., 2018; Huber, 2021). Third, effects of disinformation and their correction on
relevant behavior or its prerequisites are unclear (Dias & Sippitt, 2020). This is highly relevant,
especially in the context of climate disinformation. Although climate disinformation previously
aimed to question or deny the anthropogenic nature of climate change, climate change discourses
today have shifted away from “outright denial” toward “discourses of delay” (e.g. Coan et al., 2021;
Lamb et al., 2020). They aim to justify inaction or inadequate efforts to mitigate (the effects of) cli-
mate change or to undermine support for specific policies meant to address climate change, for
example by reducing efficacy beliefs to mitigate climate change (McAllister et al., 2021; Schmid-
Petri et al., 2015). Finally, previous studies have a strong focus on the US, limiting the generalizabil-
ity of findings across different countries.

We addressed these research gaps in a preregistered online survey experiment using a quota
sample representative of the German population (N = 1401). Drawing from the debunking literature
(e.g. Chan et al., 2017) and inoculation theory (McGuire, 1961), we varied all combinations of correc-
tion placement (prebunking, debunking) and type (fact-focused, logic-focused, and fact-logic-
combined) to systematically compare their effectiveness. In addition, we employed two control
conditions (unrelated information and disinformation-only). Second, we investigated whether the
effectiveness of corrections was influenced by PRR attitudes. Third, we explored the effects of correc-
tions on efficacy beliefs to mitigate climate change (EBMCC; e.g. Angill-Williams & Davis, 2022).

Correction placement and types

In general, two strategies for responding to disinformation can be distinguished: placing the correc-
tion before the disinformation (prebunking) or after the disinformation (debunking; e.g. Ecker
et al., 2022; Tay et al., 2022). Prebunking aims to reduce the persuasiveness of disinformation before
it is encoded by preemptively correcting and thus helping people recognize the disinformation (e.g.
Ecker et al., 2022; van der Linden et al., 2017). While there are several approaches to prebunking
(e.g. Brashier et al., 2021; Cook et al., 2017; Lewandowsky & van der Linden, 2021), the most com-
mon framework is the inoculation theory (Compton, 2012; McGuire, 1961). The basic idea of
inoculation theory is to expose people to a weakened version of the persuasive message to build
“attitudinal resistance against future unwanted persuasion attempts” (Roozenbeek et al., 2022,
p. 4). Inoculation theory combines two key elements: a threat warning regarding the appearance
of disinformation and the identification of the misleading technique or logical fallacy underlying
the persuasive intent (e.g. van der Linden et al., 2017). Debunking aims to reduce the reliance on
disinformation after it is encoded by retroactively correcting the disinformation and demonstrating
why it is false (Ecker et al., 2022; Tay et al., 2022; Walter &Murphy, 2018). By providing people with
corrective messages aimed at disproving inaccurate factual claims, the goal is to help them reduce
misperceptions and update their beliefs (e.g. Dai et al., 2021). Debunking is often used synony-
mously with fact-checking. However, it only pertains to correcting false and misleading information
(Roozenbeek et al., 2022).

Previous research has shown that both prebunking and debunking effectively counter disinfor-
mation. A meta-analysis showed that debunking corrections reduce, although not entirely mitigate,
misperceptions (Walter & Tukachinsky, 2020), and studies have shown that debunking can curb the
spread of disinformation on social media (e.g. MacFarlane et al., 2021). Similarly, studies have
shown the effectiveness of prebunking interventions (e.g. Schmid-Petri & Bürger, 2022; Traberg
et al., 2022; van der Linden et al., 2017).

However, thus far, comparative research is scarce and prebunking and debunking strategies are
primarily studied separately (Dai et al., 2021). In a meta-analysis of correction strategies, Walter and
Murphy (2018) found debunking to be more effective than prebunking. However, this meta-analy-
sis mainly relied on studies that did not directly compare prebunking and debunking. Research that
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directly compares the placement of corrections is mixed. Some studies found prebunking messages
to be more effective (Bolsen & Druckman, 2015; Jolley & Douglas, 2017), while others found
debunking messages to be more effective (Brashier et al., 2021; Dai et al., 2021). Still, other studies
found no difference between prebunking and debunking (Tay et al., 2022) or showed no effect at all
(Bolsen & Druckman, 2018).

In addition to placement, different correction types can be distinguished. The most common correc-
tion types are fact-focused corrections, which directly address inaccuracies in the disinformation and pro-
vide recipients with accurate information that rebut the disinformation (e.g. Brashier et al., 2021; Ecker
et al., 2022). Increasingly, researchers have investigated the effectiveness of logic-focused corrections,
which directly address the logical fallacy of disinformation. Logic-focused corrections explain or
unmask the rhetorical techniques used to mislead recipients, such as citing fake experts and oversim-
plification (e.g. Cook et al., 2018; Roozenbeek et al., 2022; Vraga et al., 2020). When individuals are
aware of such techniques, they better resist persuasive attempts (Friestad &Wright, 1994), and misper-
ceptions can be reduced (e.g. Schmid & Betsch, 2019). Furthermore, logic-focused corrections are
advantageous since they can be generalized across different topics and thus have the potential to counter
a range of disinformation (e.g. Vraga et al., 2020). Finally, fact- and logic-focused elements can be com-
bined in a single correction (e.g. Ecker et al., 2022; Schmid & Betsch, 2019; van der Linden, 2022).

Similar to correction placement, research so far has shown that both fact-focused (e.g. Amazeen
et al., 2018; Barrera et al., 2020) and logic-focused corrections (e.g. van der Linden et al., 2017;
Vraga et al., 2019) can effectively counter disinformation. However, there is a lack of research
regarding which correction type is the most effective or whether a combination is better. Initial
comparative findings are mixed (Dai et al., 2021; Ecker et al., 2022; van der Linden, 2022). Schmid
and Betsch (2019) found no difference between correction strategies, nor did they find additional
benefits of using combined corrections. To the best of our knowledge, only one study to date
has investigated correction placement and type in conjunction with each other: For corrections
of climate disinformation on Instagram with humorous messages, Vraga et al. (2020) found fact-
focused debunking to be more effective than fact-focused prebunking. For logic-focused correc-
tions, prebunking and debunking were equally effective. However, the combination of fact- and
logic-focused elements was not considered.

Following previous research, we assumed that corrections are generally effective:

H1: Individuals exposed to climate disinformation with a correction possess lower levels of climate misper-
ception than individuals who are not exposed to a correction.

Moreover, we strove for a direct comparison between different correction placements and types.
Since previous findings on the superiority of specific correction placement and types are mixed,
we additionally formulated the following research question:

RQ1: How does (a) correction type (fact-focused, logic-focused, combined), (b) correction placement (pre-
bunking, debunking), and (c) the interaction of type and placement affect climate misperceptions?

PRR attitudes

Previous research has highlighted the need to consider individual’s preexisting attitudes when
attempting to understand the impact of corrections (Ecker & Ang, 2019; Hameleers, 2022; Hamel-
eers & van der Meer, 2020; Thorson, 2016). In the context of (climate) disinformation, right-wing
ideology and populism are especially relevant (Huber, 2021; Lewandowsky, 2021). PRR attitudes,
might condition the effectiveness of corrections since it can be assumed that while climate disinfor-
mation is consistent, corrections are inconsistent with PRR attitudes. However, the influence of
PRR attitudes on the effectiveness of corrections has thus far only been assumed.

Research has highlighted the pervasive association between radical right-wing populism and cli-
mate skepticism (Huber, 2021; Lockwood, 2018) but also a general affinity between (radical right-
wing) populism and disinformation (e.g. Waisbord, 2018). The core elements of radical-right-wing
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populism are populism, nativism, and authoritarianism (Mudde, 2007). Populism is defined as a
thin-centered ideology “that considers society to be ultimately separated into two homogenous
and antagonistic groups, ‘the pure people’ versus the ‘corrupt elite’, and which argues that politics
should be an expression of the volonté générale (general will) of the people” (Mudde, 2004, p. 543).
In right-wing populism, the thin-centered populist ideology is accompanied by two thick ideol-
ogies, namely nativism, defined as an illiberal form of nationalism in which the native state is threa-
tened by non-native elements (i.e. persons or ideas) and authoritarianism, which refers to a
preference for maintaining law and order and social conformity at the detriment of individual
autonomy (Mudde, 2007).

The relationship between radical right-wing populism and climate skepticism can first be
explained by the followers of right-wing populist parties, who often represent people who work
in sectors endangered by climate change policies and therefore reject them (structural approach;
Lockwood, 2018). Second, elites are the central actors in climate change action, which right-wing
populists mistrust. Therefore, right-wing populists oppose climate action (ideational argument;
Lockwood, 2018; see also Huber, 2021). Third, Fraune and Knodt (2018) highlight the post-truth
or anti-science worldview that underlies populism and favors the rejection of climate science.

Studies have shown that disinformation is especially difficult to correct and can continue to
influence and persuade individuals’ attitudes (Seifert, 2002; Walter & Tukachinsky, 2020), when
it is closely related to ideology (Lewandowsky et al., 2012; Thorson, 2016). Following the theory
of motivated reasoning and the theory of cognitive dissonance (Taber & Lodge, 2006; see also
van der Linden, 2022), the reduced effectiveness of corrections can be explained by an individuals’
tendency to evaluate information in a biased manner to maintain consistency with preexisting
beliefs (see e.g. Ecker & Ang, 2019; Hameleers & van der Meer, 2020). Incongruent information
might be rejected, whereas supportive information might be accepted, irrespective of its veracity
(Hameleers & van der Meer, 2020; Thorson, 2016). Several studies have provided evidence for a
higher likelihood of rejection of counter-arguing corrections (e.g. Nyhan & Reifler, 2010; Nyhan
et al., 2013, 2014). Some have even warned of a possible worldview backfire effect, meaning that
corrections to ideological disinformation could actually reinforce false beliefs in some individuals,
ironically strengthening the misconceptions they are intended to correct (e.g. Lewandowsky et al.,
2012). However, today, the possible danger of a backfire effect is rather low (for a discussion, see
Ecker et al., 2022, p. 18). Yet, other studies have shown that corrections can also correct atti-
tude-consistent disinformation (e.g. Hameleers, 2022) and are equally effective across the political
spectrum, neutralizing the polarizing influence of misinformation (Cook et al., 2017).

Based on this state of research we assumed that individuals with stronger PRR attitudes are more
likely to have congruent attitudes toward climate disinformation and that incongruent attitudes
towards corrections can impair the effects of corrections:

H2: Corrections have a weaker effect for participants with higher levels of PRR attitudes than for individuals
with lower levels of PRR attitudes.

Furthermore, previous research allows only limited conclusions about which forms of placement
and type of correction might be more or less effective for individuals with more pronounced
PRR attitudes. Thus, in addition to our hypothesis, we also explored the question:

RQ2: How do PRR attitudes moderate the effects of (a) correction type, (b) correction placement, and (c) the
interaction of correction type and placement on climate misperceptions?

Efficacy beliefs to mitigate climate change (EBMCC)

As discussed so far, studies have shown that corrections can effectively counteract disinformation
by reducing false knowledge or misperceptions (e.g. Chan et al., 2017; Lewandowsky & van der Lin-
den, 2021; Walter & Murphy, 2018). However, only limited research has investigated the effects of
disinformation and their corrections on relevant behavior or its prerequisites (Dias & Sippit, 2020;
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York et al., 2020). Since climate disinformation strategically targets inaction or inadequate efforts to
mitigate (the effects of) climate change as part of “discourses of delay” (e.g. Coan et al., 2021; Lamb
et al., 2020), it is directed against the fundamental belief that individual and collective action to miti-
gate climate change is both possible (self and collective efficacy) and effective (response efficacy),
hence EBMCC (Angill-Williams & Davis, 2022; Crosman et al., 2019). Following Bandura’s self-
efficacy theory (Bandura, 1997), efficacy beliefs depend on available information. Hence, if
EBMCC depend on available information, disinformation might negatively affect EBMCC and cor-
rections should have a remedial potential.

However, so far, research on climate disinformation and EBMCC is scarce and research so far
indicated that climate messages can positively but also negatively affect efficacy beliefs (Hart & Feld-
man, 2016) and the framing of climate change influences the likelihood of action to address it
(Mayer & Smith, 2019). Climate disinformation lowers the acknowledgement of climate change
(Ranney & Clark, 2016) and support of mitigation policies (e.g. Treen et al., 2020). Furthermore,
exposure to climate change conspiracy theories reduces people’s intention to reduce their carbon
footprint (Douglas & Sutton, 2015; Jolley & Douglas, 2014; van der Linden, 2015). Similar to dis-
information, false claims about COVID-19 can influence the perceived efficacy of countermeasures
(Chung & Jones-Jang, 2022; Dada et al., 2021).

Due to limited research and high uncertainty surrounding the potential direct and indirect
effects on efficacy beliefs, particularly distinct effects of different correction conditions, we explored
the effectiveness of climate disinformation and their correction on EBMCC asking the following
research question:

RQ3: Do corrections – varying in (a) correction type, (b) correction placement, and (c) the interaction of cor-
rection type and placement – affect EBMCC indirectly via climate misperceptions?

Methods

Participants

To test the hypotheses and investigate the research questions, we conducted a preregistered1 online
survey experiment in Germany.2 We recruited participants via a commercial panel (Bilendi)
between 8 and 16 September 2022, using quotas based on age, gender, and education. In total,
N = 1401 participants completed our study. Participants were, on average, 46.64 years (SD =
14.99) old, and 50.17% were female; 30.91% had low, 31.38% had medium, and 37.62% had high
levels of education (for more information regarding data quality and quotas, see online appendix
Tables A1 and A2).

Experimental design

All participants were told that they would participate in a study on climate change discourses on
social media. After a short demographic questionnaire, they were randomly distributed among 6
correction conditions (3x type: fact-focused, logic-focused, fact/logic-combined; 2x placement: pre-
bunking, debunking) and 2 groups without correction (disinformation only, control), resulting in a
between-subject design with 8 groups: (1) fact-focused prebunking (n = 176), (2) logic-focused pre-
bunking (n = 176), (3) combined prebunking (n = 176), (4) fact-focused debunking (n = 176), (5)
logic-focused debunking (n = 172), (6) combined debunking (n = 175), (7) disinformation only
(no correction, n = 176), and (8) control (unrelated information, n = 174).

Depending on the condition, participants were either shown two stimuli (disinformation pre-
ceded or followed by correction for the six correction conditions) or one stimulus (disinforma-
tion-only group, control group) in the format of a social media post (see online appendix Tables
B1 and B2). To ensure adequacy and factuality of disinformation and correction, we
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interdisciplinary collaborated with the environmental sciences and intensively discussed the state-
of-the-art evidence on climate science and mitigation strategies.

As climate disinformation we decided for a post claiming that CO2 was a plant food and there-
fore even more CO2 emissions were good for world nutrition.3 We chose this disinformation for
several reasons. First, by questioning the reduction of greenhouse gas emissions, it undermines
the essential measure of climate change mitigation (IPCC, 2023) and therefore is an adequate stra-
tegic climate disinformation. Second, it was propagated in the election program of the German
right-wing populist party Alternative for Germany, and corrected by several fact-checking organ-
izations (see e.g. Paal, 2021), hence it is representative for existing disinformation and correction.
Third, it was already investigated in previous studies (e.g. Vraga et al., 2020), allowing for compari-
sons and integration of the state of research.

All corrections4 were titled “Human-made CO2 emissions can harm plants and their
growth,” established that “the positive effect of CO2 on plant growth is more than offset by
the negative effects of global warming” and ended with the efficacy appeal “by reducing
CO2, climate change can be limited.” To manipulate correction type, a sub-headline and a para-
graph were added to this general warning and rectification. The fact-focused correction was
headed “These are the facts” and a subsequent paragraph directly addressed the inaccuracies
in the disinformation and provided correct facts (e.g. Ecker et al., 2022). The logic-focused cor-
rection was headed “Be careful of logical fallacies” and the paragraph unmasked and explained
the rhetorical technique of disinformation used to mislead audiences (e.g. Cook et al., 2018;
Ecker et al., 2022). In the combined correction both fact- and logic-focused correction were
shown. To manipulate correction placement, the correction post appeared either directly before
the disinformation post (prebunking) or directly after the disinformation post (debunking) (e.g.
Vraga et al., 2020). In the control group, participants were exposed to an unrelated post about
homework in schools.

After viewing the social media post(s), participants rated their climate misperception and
efficacy beliefs to mitigate climate change (EBMCC), answered questions about their political atti-
tudes, and completed a manipulation check. Finally, the participants were fully debriefed.

Measures

Climate misperceptionswere assessed by asking participants to indicate their agreement with a state-
ment that directly targeted climate disinformation and correction: “CO2 is plant food so CO2 emis-
sions are good for plants” (Vraga et al., 2020) on a scale from 1 = does not apply at all to 7 =
completely applies (M = 4.08, SD = 1.78).

Efficacy beliefs to mitigate climate change (EBMCC) were measured using six items translated and
adapted from Bieniek-Tobasco et al. (2020) assessing self-efficacy (e.g. “As an individual, I can take
specific steps to reduce CO2 emissions”), collective efficacy (e.g. “As citizens, we can take specific
steps to reduce CO2 emissions”), and response efficacy (e.g. “The steps that I take as an individual
to reduce CO2 emissions can have a significant impact in reducing the effects of global warming”)
(1 = completely disagree to 7 = completely agree). The six items were aggregated into a scale (M =
5.06, SD = 1.28, α = 0.92).

Populist radical-right (PRR) attitudes were measured by assessing the three constructs of popu-
lism, nativism, and authoritarianism (Maier et al., 2023; Mudde, 2007). Populist attitudes were
measured with three dimensions: anti-elite attitudes, demand for popular sovereignty, and belief
in the homogeneous virtuousness of the people (Schulz et al., 2018) on a scale from 1 = completely
disagree to 7 = completely agree (M = 4.73, SD = 0.95, α = 0.83). Nativist attitudes were measured
using four items of the anti-immigrant attitudes scale by Akkerman et al. (2017) (e.g. “Immigrants
increase crime in our country”) on a scale from 1 = does not apply at all to 7 = completely applies (M
= 3.88, SD = 1.59, α = 0.91). Authoritarian attitudes were measured using an adapted version of the
child-rearing values measure by Feldman and Stenner (1997). For four trait pairs, participants rated
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which traits would be more desirable for a child to have, such as respect for elders vs. independence
(M = 3.03, SD = 0.76, α = 0.62), on a five-point semantic differential scale. To create the PRR atti-
tudes scale, all 17 items were z-standardized due to their different scales and aggregated into one
scale (α = 0.85).

As control variables we considered age, gender, education and prior attitudes toward climate
change. Prior attitudes toward climate change were measured by asking participants to rate their
agreement with three statements about (1) the existence of climate change, (2) the human impact
on climate change, and (3) climate change being a problem (Corner et al., 2012) on a scale from 1 =
completely disagree to 7 = completely agree (M = 5.54, SD = 1.39, α = 0.90).

Manipulation check

In total, eight t-tests were conducted to ensure that the manipulations worked as intended. The
results revealed that the manipulations were successful and worked as intended (see online appen-
dix Table C1). For example, to confirm that participants recognized the different correction types,
we checked whether participants recognized the subline referring to the facts/warning against logi-
cal fallacies (i.e. “I saw a post with the subheading ‘These are the facts’/‘Beware of logical fallacies’”)
and the factual/logical elements.

Results

To determine whether the correction conditions reduced climate misperceptions (H1), we first
compared all correction conditions with the disinformation-only condition. A regression analysis
showed that climate misperceptions were significantly lower when people saw the fact-focused
debunking (B =−0.69, SE = 0.19, p < .001), the logic-focused debunking (B =−0.50, SE = 0.19, p
< .01), the combined debunking (B =−0.73, SE = 0.19, p < .001), or the logic-focused prebunking
(B =−0.45, SE = 0.19, p < .05) correction compared to the disinformation-only post. However, cli-
mate misperceptions were not significantly different when people saw the fact-focused (B =−0.28,
SE = 0.19, p = .130) or combined prebunking (B =−0.32, SE = 0.19, p = .090) compared to the dis-
information-only post (see Figure 1 for means by condition and online appendix Table D1 for full
regression model).

To examine the effects of correction placement and type on misperceptions (RQ1) a two-factor
ANOVA (excluding the disinformation-only condition) was performed. Simple main effects ana-
lyses showed that the correction placement did have a significant effect on misperceptions (F
(1,1045) = 7.246, p = .007), with debunking outperforming prebunking. There was no significant
main effect of correction type (F(2,1045) = 0.231, p = .928) and no significant interaction between
the factors of correction placement and correction type (F(2,1045) = 1.175, p = .309).

To test how PRR attitudes affect the effects of corrections on climate misperceptions, we ran a
moderation model (Model 1) in PROCESS version 4.1.1 (Hayes, 2018). First, we combined all cor-
rection conditions and tested whether PRR attitudes moderate the effect of corrections (vs. the dis-
information-only condition) on climate misperceptions (H2). We found no significant interaction
between PRR attitudes and the combined corrections (B = –0.02, SE = 0.25, p = .921; see online
appendix Table D2). Second, we explored whether PRR attitudes moderate the effect of the different
correction conditions on climate misperceptions (RQ2). We found no significant interaction
between PRR attitudes and the different correction conditions (see Table 1), although PRR attitudes
showed a significant unconditional effect on climate misperceptions (B = 1.16, SE = 0.09, p < .001).

Finally, to examine whether corrections indirectly affected EBMCC via climate misperceptions
(RQ3), we ran a mediation model (Hayes, 2018, Model 4 using 5000 bootstrap iterations), again
comparing the correction conditions to the disinformation-only condition (Table 2). The results
showed a significant effect of climate misperceptions on EBMCC (B = –0.15, SE = 0.02, p < .001).
Looking at the indirect pathways, we find significant effects for all debunking corrections on
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EBMCC via climate misperceptions (fact-focused: ab = 0.10, Boot-SE = 0.03, BootCI [0.044, 0.169],
logic-focused: ab = 0.07, Boot-SE = 0.03, BootCI [0.020, 0.139], and combined: ab = 0.11, Boot-SE =
0.03, BootCI [0.049, 0.177]). Within the prebunking conditions, only the logic-focused correction
was significant (ab = 0.07, Boot-SE = 0.03, BootCI [0.012, 0.129]). We found no significant indirect
effect for the fact-focused (ab = 0.04, Boot-SE = 0.03, BootCI [−0.011, 0.101]) or combined pre-
bunking condition (ab = 0.05, Boot-SE = 0.03, BootCI [−0.006, 0.106]). In other words, correction
conditions that significantly reduced climate misperceptions (i.e. all debunking corrections and
logic-focused prebunking) also indirectly increased EBMCC. To check the robustness of the results,
we additionally included PRR attitudes, attitudes toward climate change, as well as age, gender, and
education as covariates. With covariates, climate misperceptions no longer remained a significant

Figure 1. Effects of correction type and placement on climate misperceptions.

Table 1. Linear regression models: effect of correction conditions (vs. no correction) (IV) on climate misperception (DV)
moderated by PRR attitudes (Mo) (N = 1227).

Climate misperception

Model 1 Model 2

B SE p B SE p

Constant 4.59 .12 <.001 4.60 .12 <.001
Fact-focused debunking −.67 .18 <.001 −.66 .18 <.001
Logic-focused debunking −.58 .18 .001 −.58 .18 .001
Combined debunking −.77 .18 <.001 −.77 .18 <.001
Fact-focused prebunking −.45 .18 .010 −.48 .18 .007
Logic-focused prebunking −.51 .18 .004 −.51 .18 .004
Combined prebunking −.31 .18 .072 −.32 .18 .070
PRR attitudesa 1.16 .09 <.001 1.19 .23 <.001
Fact-focused debunking*PRR .08 .32 .799
Logic-focused debunking*PRR −.20 .34 .563
Combined debunking*PRR −.11 .33 .736
Fact-focused prebunking*PRR .23 .33 .479
Logic-focused prebunking*PRR −.10 .32 .764
Combined prebunking*PRR −.12 .34 .731
R2 .135 .143

Note: az-standardized PRR attitudes scale.
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predictor of EBMCC (see online appendix Table D3), and none of the indirect effects of the correc-
tion conditions on EBMCC via climate misperceptions remained significant (see online appendix
Table D4). However, the results also showed that despite the significant influence of attitudes
toward climate change and education, the corrections (except for the combined prebunking con-
dition) still significantly reduced climate misperceptions.

Discussion

This study examined disinformation and corrections in the context of climate change, an issue
characterized by a significant distribution of disinformation (e.g. Lewandowsky, 2021; Treen
et al., 2020). We make an important contribution to the literature concerned with corrections of
climate disinformation by considering (1) a comparison of different placement and types, (2) highly
relevant prior attitudes, and (3) effects beyond the reduction of misperceptions.

First, although previous research has investigated the effectiveness of different correction place-
ments and types (Chan et al., 2017; Lewandowsky & van der Linden, 2021; Walter et al., 2020), thus
far, only a few studies have simultaneously compared different combinations of these correction
features (Schmid & Betsch, 2019; Vraga et al., 2020). We addressed this gap by systematically inves-
tigating the effectiveness of fact-focused, logic-focused, and combined corrections that occur either
before (prebunking) or after (debunking) the disinformation. Overall, our results showed that cor-
rections decreased climate misperceptions, but the effects differed across placement and type. In
line with previous research (Brashier et al., 2021; Dai et al., 2021; Vraga et al., 2020), debunking
outperformed prebunking. In the debunking condition, all three types of corrections (fact-focused,
logic-focused, and combined) effectively reduced climate misperceptions. For the corrections that
appeared before the climate disinformation (prebunking), only the logic-focused correction signifi-
cantly reduced climate misperceptions, supporting the assumptions of inoculation theory (Comp-
ton, 2012; McGuire, 1961). Logic-focused corrections also effectively reduced misperceptions if
shown after climate disinformation (debunking) (see Vraga et al., 2020). Therefore, in situations
where it is unclear whether people have already been exposed to specific disinformation, logic-
focused corrections are especially useful–independent of their placement. Furthermore, logic-
focused corrections may have the advantage of empowering people to uncover other disinformation
using similar misleading techniques (Cook et al., 2017; Schmid & Betsch, 2019). Thus, revealing
misleading techniques, a central premise of inoculation theory (Compton, 2012; McGuire, 1961),
can be a widely applicable approach to counter disinformation. However, our study provides no
evidence that a combination of fact- and logic-focused corrections is superior to a single strategy,
supporting previous findings (Schmid & Betsch, 2019). While combined debunking significantly
reduced misperceptions, we found no significant effect of combined prebunking. We can only
speculate what the reason for this is, but in addition to the length of the arguments, this is another
indication that the effectiveness of certain approaches depends on the placement. Facts are

Table 2. Mediation model: effect of correction conditions (IV) on EBMCC (DV) through climate misperceptions (M) (N = 1227).

DV: Climate misperceptions DV: EBMCC

B SE p B SE p

Constant 4.55 .13 <.001 5.65 .13 <.001
Fact-focused debunking −.69 .19 <.001 −.10 .13 .460
Logic-focused debunking −.50 .19 .007 −.12 .13 .385
Combined debunking −.73 .19 <.001 .18 .13 .173
Fact-focused prebunking −.28 .19 .129 −.10 .13 .452
Logic-focused prebunking −.45 .19 .017 .01 .13 .942
Combined prebunking −.32 .19 .089 .02 .13 .873
Climate misperceptions −.15 .02 <.001
R² .018 .048

Note: B = unstandardized effect size.
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particularly effective, but our study shows that this is only the case when they are presented after
disinformation.

Second, studies have shown that prior attitudes can reduce the effectiveness of corrections (e.g.
Ecker & Ang, 2019). Previous research highlighted the role of right-wing populism (Huber, 2021;
Lockwood, 2018). Thus, we examined the extent to which PRR attitudes lead people to reject cor-
rections. In our moderation models we found no indication of a worldview backfire effect (see e.g.
Ecker et al., 2022), meaning that PRR attitudes did not explain higher misperceptions after exposure
to attitude-inconsistent corrections. Rather, corrections significantly reduced climate mispercep-
tions for all participants, independent of PRR attitudes. However, climate misperceptions are gen-
erally higher among people with high PRR attitudes.

Third, to examine the effects of corrections beyond the reduction of misperceptions (e.g. Dias &
Sippitt, 2020), we investigated the indirect effects of corrections of climate disinformation on
EBMCC. In our mediation analyses–except for the fact-focused prebunking and combined pre-
bunking conditions–corrections indirectly affected EBMCC through climate misperceptions.
Hence, in line with previous research (York et al., 2020), corrections through verbal persuasion
(Bandura, 1997) can alleviate the negative effects of climate disinformation on EBMCC. While cor-
rections still reduced climate misperceptions when controlling for age, gender, education, and atti-
tudes toward climate change, corrections no longer indirectly predicted EBMCC. In particular,
attitudes toward climate change predicted both climate misperceptions and EBMCC, indicating
that indirect effects of corrections may be masked by attitudes toward the issue. Thus, future
research should investigate the role of prior attitudes more closely, as they might not only confound
the effects of corrections on misperceptions but also on subsequent behavior or its prerequisites.

Finally, we contributed to the generalizability of previous findings that had a strong focus on the
US. For the case of Germany, our results support previous research (e.g. Ecker et al., 2010; Vraga
et al., 2020): Overall, correction can be effective in countering disinformation, although the effect is
rather small, and a single correction cannot completely eliminate misperceptions. Furthermore,
effects of corrections are affected by their placement and type as well as attitudes towards the issue.

Limitations

This study is not without limitations. First, we tested a single exposure and exposed participants to
disinformation and correction, one after another. Consequently, we did not determine the extent to
which the time between disinformation and correction might influence the effectiveness of correc-
tions. Furthermore, we examined the effects directly after exposure to corrections, we cannot make
any statement about how long the effects last or whether the duration of the effects depends on the
type or placement. So far, results are mixed, suggesting long-lasting effects of debunking (e.g. Car-
nahan et al., 2021), as well as diminishing effects over time (e.g. Paynter et al., 2019). Future research
should investigate the influence of time on different correction placement and type. Second, we
tested disinformation about plant growth and CO2 emissions and explained the logical fallacy of
oversimplification, as done previously by Vraga et al. (2020). Therefore, our results help to gener-
alize previous findings, but future research should also investigate other disinformation strategies
and delay discourses. Third, in our experimental design both the materials and their reception
were controlled by us, providing internal validity. However, the resulting lack of external validity
could be addressed in future studies by investigating the reception of disinformation and correc-
tions in natural reception environments.

Conclusion

In the light of our findings and existing research, we conclude that it is worthwhile to correct dis-
information. Most reliably, fact- and logic-focused corrections after exposure to disinformation
reduce misperceptions. Furthermore, logic-focused corrections are effective, independent of their
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placement. In addition, effective correction apparently also reduces negative effects of disinforma-
tion on efficacy beliefs. Since our study indicates effective correction for individuals with high PRR
attitudes on the one hand, but uncertain results with regard to attitudes towards the issue on the
other, future research should especially focus on interactions of corrections and prior attitudes.

Notes

1. https://osf.io/yn7xv/?view_only=518dde62cc234e9990b366d95bcffb9f.
2. The procedure of the study was approved by the local ethical review board.
3. A fictitious page called “Klimawahrheiten” (translated: Climate Truths) was used as the source of the disin-

formation, which was created in the style of a real climate denial Facebook group.
4. The source of all corrections was the Germanophone fact-checking organization Correctiv.
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