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Climate change is one of the most pressing issues of our times. Consequently,
climate change education (CCE) should prepare students to mitigate the effects
of climate change and adapt to its consequences through promoting climate
literacy. The present meta-analysis’ aim is to investigate the effectiveness of CCE
interventions on climate literacy, including climate related knowledge, attitudes, and
behavior. Additionally, we investigated moderator variables that may influence the
effectiveness of CCE. We conducted a systematic literature search and selection
process following PRISMA guidelines. A total of 6,159 records were identified, of
which 53 were eligible for inclusion in the meta-analysis. The data were analyzed
using multi-level random effects modelling to pool the effect sizes across all studies.
Results revealed a significant medium to large mean effect size for knowledge
related outcomes (g = 0.77, 95% Cl = 0.58, 0.96), a significant small to medium
effect for attitude related outcomes (g = 0.39, 95% Cl = 0.17, 0.62), and a small
to medium effect for behavior related outcomes (g = 0.36, 95% Cl = 0.12, 0.61).
Regarding moderator analysis, there were significant effects for the content of the
intervention for knowledge related outcomes. For attitudinal outcomes, we found
a significant effect for treatment duration and for the teacher who delivered the
CCE intervention. Overall, the heterogeneity of the included studies was large,
calling for caution when interpreting these results. Our findings highlight that
more qualitatively high research about CCE is needed.
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1 Introduction

There is substantial evidence that human activities and actions contribute significantly to
climate change and are associated with impacts on many natural and social systems (Cook et al.,
2013; IPCC, 2022). Immediate and extensive actions are necessary to mitigate climate change by
reducing greenhouse gas emissions and reaching net zero emissions (IPCC, 2022). At the same
time, it is important to adapt to current and predictable effects of climate change, such as sea
level rise, extreme weather events, deterioration in ecosystem structures, species extinctions,
adverse effects on food production, and water scarcity in certain areas of the world, (Berrang-
Ford et al., 2011; IPCC, 2022). Climate change mitigation and adaptation require a societal
transformation to archive extensive changes in politics, technology, economy, and individual
behavior. To facilitate such a transformation, education has been described as one of the most
important tipping points because climate change education (CCE) can influence the values and
behaviors of an entire cohort and can lead to initiating and supporting changes in politics and
economy as soon as the educated and climate literate cohort reaches relevant positions in society
(IPCC, 2014, 2022, 2023; Otto et al., 2020; UNFCCC, 1998, 2015; UNFCCC and UNESCO, 2016).
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In the last decades, numerous intervention studies have been
conducted investigating the effect of CCE and developing evidence
based educational programs. These studies investigated the effects of
CCE on a range of outcomes and have reported varying results
regarding the magnitude of the effects (e.g., Barata et al., 2017; Eggert
etal, 2017; Reinfried et al., 2012). The broad heterogeneity in content,
methods, and dependent variables makes it hard to comprehend the
existing evidence and draw conclusions for educational programs.
Four recent reviews addressed this issue by summarizing the findings
of intervention studies by qualitative methods. Monroe et al. (2019)
summarized the findings of 49 studies to identify -effective
instructional methods. They concluded that focusing on personally
meaningful information and using active and engaging teaching
methods might contribute to effective climate education. In another
review, Jorgenson et al. (2019) summarized 70 studies on energy and
CCE and found that these studies have a focus on energy conservation,
whereas there is a need for more studies focusing on energy transition.
Furthermore, Bhattacharya et al. (2021) summarized 178 studies
concluding that (a) there is a great diversity in the nature of studies on
climate education, (b) climate education is taught in a rather
fragmented way, (c) most interventions focus on basic concepts such
as the greenhouse effect, the carbon cycle, or the earths energy budget;
and (d) many teachers feel underprepared in their knowledge about
climate change. A review by Kranz et al. (2022) included 75 studies
focused on how intervention studies on climate education address a
political perspective. Their findings showed that intervention studies
rarely addressed the political dimension of climate change.

In sum, these reviews provide a good overview of the contents and
teaching methods on climate education interventions. However, they
demonstrate that the research field is fragmented and that it is hard to
compare the diverse evidence. To this end, meta-analyses are an
important means for summarizing data from multiple studies in a
comprehensive and systematic way, which can increase the precision
and accuracy of the effect estimates of the individual studies (Higgins
etal, 2023). Compared to individual studies, meta-analyses provide a
higher degree of evidence by reducing the impact of confounding
factors and random findings. Currently, there is no meta-analysis
summarizing studies on CCE but two meta-analyses on the related
field of environmental education. The meta-analyses by Van De
Wetering et al. (2022) and Swigtkowski et al. (2024) integrate findings
focusing broadly on environmental education, thus also including
studies focusing on other aspects than CCE, such as outdoor
education, sustainability education, or conservation education. While
the meta-analysis of Swiatkowski et al. (2024) is limited to intervention
effects on behavior changes, the analysis of Van De Wetering et al.
(2022) also investigates effects of environmental education on
knowledge, attitudes, and behavioral intentions. Both analyses include
intervention studies with children and adolescents conducted in
formal and non-formal educational settings such as summer or nature
camps. This broad focus on environmental education and the
inclusion of studies from formal and informal education might be one
reason why the existing meta-analysis found no (van de Wetering
et al,, 2022), or just two significant moderator effects (Swigtkowsk
etal., 2024) that explain variance in study outcomes. The study sample
might be to diverse to detect systematic differences in the effectiveness
of intervention studies. A meta-analysis with a clear focus on CCE in
formal educational settings is missing. We argue that such a meta-
analysis is needed because climate change differs from other topics of
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environmental education. In contrast to many other topics of
environmental education climate change is a global issue that can only
be understood and solved from a global perspective as the climate
system is a global system. Moreover, compared to other environmental
problems, the consequences of human action (emission of greenhouse
gases) are delayed to its consequences on natural (e.g., global
warming) and social systems (e.g., food-prices). At least the
complexity and relevance of climate change is bigger compared to
other environmental issues because climate change impacts all social
systems such as the political, economic and health system and thus
many aspects of the personal and social life of all people. Moreover,
we argue that a meta-analysis is needed that is restricted to studies in
formal primary and secondary education as studies conducted in
in-formal settings often relay on selective samples and as they can
utilize resources and methods that cannot be transferred to spread into
regular classrooms. If climate education is to be a social tipping point,
it must reach as many students as possible in the most effective way,
i.e., be effective in formal educational settings.

The present meta-analysis investigates the effectiveness of
intervention studies focusing specifically on CCE in formal primary
and secondary education. Besides estimating the average effectiveness
of CCE, we also investigate moderator variables that explain
differences in the effectiveness of the individual studies to determine
characteristics of CCE that are particularly effective. To cover the
broad variety of objectives related to CCE, this meta-analysis
summarizes multiple outcome variables such as knowledge, attitudes
behavior changes.

1.1 Promoting climate literacy

Numerous political treaties and documents describe education as
a key strategy in facilitating mitigation and adaptation to climate
change through promoting climate literacy (IPCC, 2014, 2022, 2023;
UNFCCC, 1998, 2015; UNFCCC and UNESCO, 2016). No universally
accepted definition of climate literacy exists (Pfeiffer, 2022), although
many definitions encompass a component of knowledge (Azevedo
and Marques, 2017; Kuthe et al., 2020; Stadler et al., 2025; USGCRP,
2009), attitude (Azevedo and Marques, 2017; Kolenaty et al., 2022;
Kuthe et al., 2020; Stadler et al., 2025), and behavior or competencies
crucial in the context of climate change (Azevedo and Marques, 2017;
Kranz et al., 2022; Kuthe et al., 2020; Stadler et al., 2025; USGCRP,
2009). Within many conceptualizations of climate literacy, the
component of knowledge is particularly prominent and differentiated
(Stadler et al., 2025) and has been described to comprise various forms
of knowledge, including content, procedural, epistemic knowledge,
and effectiveness knowledge (e.g., Azevedo and Marques, 2017; Frick
et al., 2004). The attitude component can be described as a set of
sub-facets that promote taking action against climate change and may
include concern about climate change (e.g., Bedford, 2016), belief in
climate change (e.g., Flora et al., 2014), perceived importance of
climate change (e.g., Schauss and Sprenger, 2019), feeling of
responsibility (e.g., Deisenrieder et al., 2020), feeling prepared (e.g.,
Keller et al., 2019), perception of self-efficacy, and locus of control
(e.g., Kuthe et al., 2020). The behavioral component can be described
as the ability to change one’s behavior in a more climate-friendly way
(e.g., Kuthe et al., 2020; Milér and Sladek, 2011), the ability to make
informed decisions related to climate (Stadler et al., 2025; USGCRP,
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2009), as well as competencies in engaging in multiplicative actions
(e.g., Azevedo and Marques, 2017; Stadler et al., 2025). In consequence
of the diverse aims related to climate literacy, existing intervention
studies vary broadly in their content and teaching approaches. These
differences might cause differences in the effectiveness of CCE
interventions and thus are potential moderator variables.

1.2 Effects of the content of CCE on
intervention effectiveness

While some interventions focus only on knowledge about the
climate system (Ben-Zvi Assaraf and Orpaz, 2010; Chang et al., 2018),
others also include action knowledge about potential actions to
mitigate climate change and to adapt to its consequences (Lester et al.,
2006). In our analysis we utilize the framework of Probst et al. (2018)
that has been created to analyze curricula and teaching materials
about climate change education to categorize the intervention content.
The framework also includes action knowledge but divides system
knowledge further into (1) basic knowledge about climate and (2)
knowledge about causes and effects of climate change on various
natural and societal systems. We decided to utilize this framework
because it has been shown that knowledge about causes and effects of
climate change has a big impact on mitigation actions than basic
knowledge about the climate system (Tasquier and Pongiglione, 2017).
One aim of the current meta-analysis was to investigate how the
in CCE influence the effectiveness of

contents covered

CCE interventions.

1.3 Effects of intervention, student, and
study characteristics

The effects of an intervention study not only depend on the
contents of the intervention but also on other aspects such as the
duration of the intervention, the teacher who delivers the intervention,
student’s age, or the study design (Schwichow and Zoupidis, 2023). It
has been shown that intervention duration can be a moderating factor
in meta-analyses investigating intervention studies, though the
evidence is still inconclusive with some studies reporting an effect of
the intervention duration (e.g., Schwichow and Zoupidis, 2023; Sun
and Zhou, 2023) whilst other meta-analyses did not find such an effect
(e.g., Dogan et al., 2023; Van De Wetering et al., 2022). Besides the
duration of the intervention, the teacher can have a potential
moderating effect on students’ learning gains. An often cited meta-
study by Hattie (2003) has shown that the teacher seems to play an
important role, accounting for approximately 30 per cent of the
variance in students’ learning gains. Regarding CCE, it has been
shown that teachers vary greatly in their knowledge about climate
change and that many teachers show substantial knowledge gaps in
their understanding of climate change (Boon, 2010; Wise, 2010). It has
been demonstrated in sustainability education that teachers’ attitudes
and professional knowledge predicts students gains in knowledge and
attitudes (Scharenberg et al., 2021).

The complexity of climate change might also make it less
accessible for younger students than for older ones. On the other
hand, it has been suggested that environmental consciousness drops
during middle adolescence (i.e., lower secondary school) and is
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lower compared to both younger and older students (Olsson and
Gericke, 2016; Van De Wetering et al., 2022). This might lead to
CCE interventions being less effective during lower secondary
school compared to primary and upper secondary school. In their
meta-analysis of effects of environmental education on students’
behavior, Swigtkowski et al. (2024) indeed found a negative effect of
students’ age on intervention effects. In the current meta-analysis,
we were interested in whether the duration of an intervention, the
teacher’s background, and students’ age have an influence on the
multiple outcomes such as knowledge, attitudes and
behavior changes.

Furthermore, the design of an intervention study can have an
impact on the outcome of the study. Studies with a pre-post design
that compare pre- and post-intervention measures of the same
students usually report larger effect sizes than studies that compare
students from an intervention and students from a control group. This
is because pre-post designs do not control for retest effects occurring
when students become more familiar with the test instrument and,
thus, achieve higher scores in a post-test than in a pre-test, even
without getting any intervention (Scharfen et al., 2018). In addition to
the study design, the instruments used to measure learning gains may
influence the findings of intervention studies. For instance, a meta-
analysis by Schwichow et al. (2016), which synthesizes the effects of
intervention studies aiming at facilitating students’ understanding of
controlled experiments, showed that the item format had an impact
on the measured intervention effect. Therefore, in this meta-analysis,
we were interested in the effects of the study design and the test

instrument on the outcome of a study.

1.4 Research questions

Numerous studies have investigated education interventions
aimed at promoting climate literacy. It is currently not known how
effective teaching CCE at school is in general. Thus, the first research
question of this meta-analysis was:

RQI: What is the average effectiveness of CCE studies on climate

related  knowledge, attitude, and behavior across all

intervention studies?

The content covered in climate education varies greatly between
studies. We were interested whether the content covered in the climate
education interventions has an influence on how effective an
intervention is. Therefore, our second research question was:

RQ2: Does the content of the intervention influence the effect size of
intervention studies?

Climate change is a complex topic. Hence, teaching about climate
change might require longer lasting interventions and teachers that
have a certain background knowledge about climate change.
Moreover, students’ age might also be a moderating factor. These
variables, however, have rarely been investigated within individual
intervention studies on climate education. Yet, there are huge
differences between studies regarding the treatment duration, the
teachers’ background, and students’ age. Based on these differences
between studies, we addressed the following research question:
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RQ3: Do treatment duration, teacher characteristics, and grade
level of the effect
intervention studies?

students influence the size  of

Furthermore, it is known that the study design and test
instruments used to assess the effects of an intervention can influence
the effect sizes. Accordingly, our fourth research question was:

RQ4: How do the study design and the test instruments used to
measure intervention effects influence the effect sizes?

2 Methods

This meta-analysis follows the typical steps in conducting meta-
analyses described by the PRISMA guidelines, consisting of: (1)
systematic literature search and selection, (2) data extraction and
coding, (3) effect size calculation, (4) synthesis of effect sizes, (5)
moderation analysis, and (6) discussion of findings (Page et al., 2021).

2.1 Literature search

We conducted a systematic literature search using three electronic
databases, including ERIC, PsycInfo, and Web of Science. The database
search was conducted on May 16", 2022, and considered publications
since database inception. The keyword selection was oriented on
previous reviews about climate education and also considered the
databases’ thesaurus terms. The keywords for our search included
synonyms of the terms “climate change education” (climate change
education, climate change science education, climate literacy, climate
change education research, education for sustainability, education for
sustainable development, sustainability education), “environmental
education” (conservation education, ecology education, energy
education) and “climate change” (global warming, environmental
effects). The keywords were combined with Boolean operators in the
following way: climate education OR (environmental education AND
climate change). In addition to the database search, we included the
articles that had been included in a comprehensive recent review
article on climate education (Kranz et al., 2022).

To be included in the meta-analysis, studies had to meet the
following inclusion criteria:

Intervention: Eligible studies had to include an education
intervention explicitly focusing on climate change. Studies that
included interventions that only briefly touched on the subject of
climate change or studies that focused on education for sustainability
in general were excluded. For example, a study by Riess and Mischo
(2010) had a focus on forest sustainability in general but not explicitly
on climate change and was therefore excluded; or a study by Richter
et al. (2015) focused on environmental education, conservation, and
biodiversity in rural Madagascar and only touched on the subject of
climate change and was therefore excluded.

Population: To be included, studies must investigate a population
of elementary or secondary school students or, if information about
school grade was not available, students aged between 6 and 20 years.
Populations outside of a formal education setting, as well as
populations in higher education and adult education, were
not included.
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Study design: Studies were included that applied an empirical
design with either a pre-post design, quasi-experimental design, or
randomized controlled design. All other designs were excluded,
including, for example, theoretical articles, qualitative studies,
curriculum analyses, or literature reviews.

Publication type: Eligible studies had to be written in English (i.e.,
internationally published articles) and had to be published in a peer
reviewed journal.

Outcome and data for effect size calculation: To be included,
studies had to report outcomes on knowledge, attitude, or behavior
related to climate change. Regarding behavior related outcomes,
we included self-reported measures of performed or intended climate
friendly behavior, laboratory tasks, as well as objective measures such
as household electricity consumption (Lange and Dewitte, 2019).
Additionally, studies had to provide sufficient information for effect
size calculation.

We did not apply any exclusion criteria based on publication year
because our study is the first meta-analysis on climate education
studies and because we aimed to include all available information
about the effects of CCE.

The study screening and selection process was done in two steps
using the web application Rayyan (Ouzzani et al., 2016). First, the
titles and abstracts of all the articles that had been obtained were
screened according to the above-described inclusion criteria.
Second, the full texts were reviewed of those studies considered
relevant in the first screening step or whose abstracts did not
provide enough information regarding the inclusion criteria.
Studies where judgement about eligibility for inclusion was
ambiguous were reviewed and discussed in a team of the
three authors.

2.2 Coding of study characteristics

We created a coding guide for coding study characteristics
relevant for investigating our research questions. Studies were
coded for (1) study characteristics including the authors,
publication year, and country the study was conducted in; (2) study
population including grade level (primary: grade 1-4, lower
secondary: grade 5-9, and upper secondary: grade 10-13), age of
students and number of participants; (3) content of the intervention
(i.e., whether basic knowledge about climate and weather, natural
and anthropogenic causes of climate change, impacts of climate
change on natural and social environment, and potential actions
against climate change were provided); (4) duration of the
intervention; (5) the teacher who taught the intervention (i.e.,
whether the intervention was taught by the students’ regular
teacher, an expert or researcher in climate change or in a co-teaching
format between the regular teacher and an expert); (6) study design
including pre-post designs, quasi experimental designs and
randomized controlled designs and characteristics of the evaluation
instrument including the kind of instrument that was used (i.e.,
multiple choice questionnaire, open answers, mixed tests of
multiple choice questions and open answers). The climate
intervention content’s coding guide was adapted from a recent study
by Probst et al. (2018) that analyses curricula and teaching materials
in climate change education. To ensure intersubjectivity, three
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researchers independently extracted and coded the study
characteristics before comparing the results. Interrater reliability
before comparison was substantial with Fleiss x =0.60. Any
discrepancies were resolved by discussion.

2.3 Effect size calculation

For effect size calculation, we used the pre-test (before the climate
intervention), post-test (immediately after the intervention), and,
where available, follow-up data. For within-group designs,
we calculated standardized mean differences (SMD) by dividing the
difference between pre-test and post-test (or follow-up, respectively)
by the pooled standard deviation SMD according to Cohen’s d:

SMD:d:M

. We used the pooled standard deviation instead
of the pre-test standard deviation to consider changes in the variance
in consequence of the treatment (Borenstein et al., 2010). To adjust for
biases due to small sample sizes, the SMDs were transformed to
Hedge’s g: g=SMD x ] with ] = 1-3/(4(nl + n 2)-1. Hedge’s g and
Cohen’s d are identical for large sample sizes. Hence, the meta-analyses
results reported as Hedges ¢ can be interpreted in accordance to
Cohen’s d (Durlak, 2009). For between-group designs, we calculated
the difference between the SMDs for the intervention groups and the
control groups: §* = g16 — gca; with IG referring to the intervention
group and CG referring to the control group.

When means and standard deviations were not reported,
we estimated effect sizes from alternative values, including t-values by
d=t/ \/; , pre — post difference scores, and the standard deviance of

i' effect size r: d = 2xr
SDp 1_s2

Wilson, 2001). If only rates of success were reported, we calculated the

the difference by d = (Lipsey and

effect size using the arcsine transformation (d = arcsin(pyoup:) —
arcsin(Pgroup2)) (Lipsey and Wilson, 2001). If sufficient data for effect
size calculation were not reported but figures illustrate means and
standard deviations, we extracted these values from figures using the
tool WebPlotDigitizer (Rohatgi, 2022) to calculate effect sizes. In cases
where articles did not report sufficient data for effect size calculation,
we contacted the authors of the article to ask whether they could
provide the missing data.

Effect sizes were coded in a way that positive values indicate an
advantage of the intervention over the control group or higher post-
than pre-test scores, indicating learning gains. In addition to effect
sizes, we calculate the study variance for every effect size by SD =

2(1—r)+SMD2

P If no value for r was provided, we implemented a
n n

conservative value of 0.5.

For studies reporting both within and between group differences,
we calculated effect sizes for both options. Moreover, we calculated
multiple effect sizes for studies reporting students’ outcomes for more
than one intervention group (i.e., any group that received a climate
education intervention) or reporting results based on multiple test
instruments or subscales of test instruments (Borenstein et al., 2010)
to allow for inclusion in moderation analysis.
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2.4 Estimation of the mean effect size and
moderation analysis

We calculated separate meta-analyses for the three outcome
variables: knowledge, attitudes, and behavior, in the context of climate
change. This was because simulation studies demonstrated that the
statistical parameters of meta-analyses are only reliable if separate
meta-analytical models are calculated for different outcomes
(Fernéndez-Castilla et al., 2021a).

We excluded outliers defined as effect sizes whose z-values
were larger than 3.29 or smaller than —3.29 (Assink and
Wibbelink, 2016). Due to this outlier analysis, one value was
excluded for the meta-analysis of the outcome knowledge
(Karpudewan and Mohd Ali Khan, 2017) and one value for the
meta-analysis of the outcome attitude (Hu and Chen, 2016). For
many studies, more than one effect size was calculated resulting
in dependencies between the effect sizes and the standard errors,
since these originate from test results of the same test persons or
the same study context. These dependencies and nested structures
within the data require the use of meta-analytic multilevel models
for data analysis (Assink and Wibbelink, 2016; Scammacca et al.,
2014). To identify the best fitting number of levels for our data,
we compared different model configurations: (a) a two level
model which takes into account the sampling variance of the
extracted effect sizes (level 1) and the variance between the studies
(level 2); (b) a two level model which takes into account the
sampling variance of the individual effect sizes (level 1) and the
variance within the studies (level 2); (c) a three level model which
takes into account the sampling variance (level 1), the variance
within the individual studies (level 2), and the variance between
the studies (level 3), and (d) a four level model which takes into
account the sampling variance (level 1), the variance within the
individual subgroups of a study (level 2), the variance within the
individual studies (level 3), and the variance between the studies
(level 4). We identified the model with the best fit to the data by
comparing the four models by a likelihood-ratio test (LRT) and
looking at the model fit indices (AIC, BIC). This model was then
used in all subsequent calculations.

To determine the mean effect size, models were calculated
with an intercept and without moderator variables. Additionally,
we estimated the sampling variance (variance on level 1), within
group variance (variance on level 2), within study variance
(variance on level 3), and between study variance (variance on
level 4) (Assink and Wibbelink, 2016). All analyses were
conducted in R using the package metafor (Viechtbauer, 2010)
and applying a restricted maximum likelihood (REML) estimator.
We implemented the small sample correction described by Tipton
(2015) to adapt the residuals and degrees of freedom of all
estimators because meat-analysis with a low number of studies
tend to have an increased error I rate.

Moderator analyses were conducted to identify variables that
could explain systematic differences between effect sizes and identify
characteristics of effective interventions. To this end, we added
moderator variables as predictors to the meta-analytic models. To
be included in the moderator analysis, categorical variables such as
whether basic knowledge about climate and weather was taught or not
were dummy-coded into 0 (not teaching basic knowledge) and 1
(teaching basic knowledge). To limit the risk of over-fitting and
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multicollinearity, all moderator analyses were first conducted
individually, that is, with models containing only one moderator
variable each. Next, we calculated a model with multiple predictors
that included all moderator variables identified as significant
moderators in the previous step.

2.5 Investigating publication bias

To identify a potential bias in the mean effect sizes due to
publication bias, we visually analyzed the funnel plots for asymmetries
and performed an Eggers test with corrected standard error
(SEn= \/(nl +n2)/(nl x n2)) (Pustejovsky and Rodgers, 2019). In
case of a positive Egger’s test, we performed a trim and fill analysis to
impute effect sizes that might be missing in due to publication bias.
Based on a reanalysis of the imputed dataset, we estimated the
sensitivity of our findings to a potential publication bias. Considering
the hierarchical structure of our dataset, this reanalysis was done for
two conditions: all lacking effect sizes originate from one study, and
all lacking effect sizes originate from different studies (Fernandez-
Castilla et al., 2021b).

10.3389/feduc.2025.1563816

3 Results
3.1 Selected studies

We initially retrieved a total of 6,159 studies. Interestingly,
we found only a small overlap between literature found in the ERIC
and Web of Science databases. The reason is that the databases search
in different citation indexes: literature from some journals on
environmental education (e.g., Australian Journal of Environmental
Education) are not listed in the social scientific citation index, while
other journals are not listed in ERIC (e.g., Environmental
Conservation). This might be the reason why previous literature
reviews have very different overlap between included studies and
further research syntheses should consider this issue.

After removing duplicates, we screened the titles and abstracts of
4,916 articles, of which 625 met our inclusion criteria. After screening
the full texts of these articles, 53 articles were included in the final
meta-analysis. Figure 1 illustrates the process of study selection. Of the
included studies, 43 reported outcomes on knowledge about climate
change, 17 outcomes on attitude, and 11 studies outcomes on behavior.
Several studies investigated not only one outcome but a combination
of the three outcome variables (see Appendix Table A1). The studies

c Articles initially retrieved
o (n=6'159)
:g
(3] Records identified from: : —
= « ERIC (n = 2'588) Duplicates removed (n = 1'243)
'E * Psychinfo (n = 815)
% * WoS (n=2681)
-_ » Previous Reviews (n = 75)
4
Records screened (n = 4'916) 2| ae:o;gsg 1e;(cluded after screening title and abstract
g
= Reports excluded because (n = 572):
[}
o * wrong population (n = 191)
) Full text articles assessed for * no interver.ltion or no focus on CE (n = 102)
»n eligibility (n=625) * wrong design (n = 209)
* Wrong publication type (n = 54)
» not available in English (n = 5)
» not enough data for effect size calculation (n=11)
T
[T}
-g Studies included in Meta-Analysis
° (n=53)
£
FIGURE 1
Flow chart of literature search and study selection.

Frontiers in Education

06

frontiersin.org


https://doi.org/10.3389/feduc.2025.1563816
https://www.frontiersin.org/journals/education
https://www.frontiersin.org

Aeschbach et al.

included in the meta-analysis were published between 1995 and 2022,
with the majority of studies published between 2008 and 2022.
Twenty-two studies were conducted in the USA, six in Asia, five in
Germany, three in Australia/New Zealand, two in Canada, two in
Great Britain; one study was each conducted in Austria, Denmark,
Greece, India, Israel, Italy, Portugal, and Switzerland; and 4 studies
were conducted in multiple countries (e.g., one study was conducted
both in Austria and Australia). Furthermore, the majority of the
studies were conducted with secondary school students (twenty-three
studies in lower secondary and 18 studies in upper secondary). The
remaining studies included mixed populations from lower and upper
secondary schools, of which only two studies additionally included
primary school students. Regarding the content of the climate
education interventions, 36 studies addressed the basics about climate
and weather, whereas 17 studies did not explicitly address these.
Furthermore, 45 studies addressed anthropogenic causes of climate
change, five studies addressed both anthropogenic and natural causes,
and three studies did not provide any information in this regard. In
terms of consequences of climate change, 49 studies addressed
consequences on the climate system (physical systems such as the
hydrological cycle), 26 studies addressed consequences on the utility
systems (human systems such as food production, water supply or the
economy), 18 studies addressed consequences on the biosystems (e.g.,
biodiversity, marine ecosystem), while nine studies addressed extreme
events (e.g., drought, hurricanes). With regard to potential actions
against climate change, 33 studies addressed actions against climate
change, whereas 20 did not explicitly mention actions. Of the studies
mentioning actions against climate change, 31 focused on mitigation,
and 11 focused on adaptation.

The duration of the interventions varied greatly between studies,
ranging from a single 25-min lesson to a year-long curriculum.
Numerous studies only provided vague information about the
duration of the intervention. Therefore, we roughly categorized studies
into short interventions (i.e., 90 min or shorter) and long interventions
(i.e., longer than 90 min). Of the included studies, seven studies used
short interventions, 44 studies included interventions that were longer,
and two studies did not provide any information about the duration
of the intervention. In 28 studies, the intervention was taught by the
regular teacher, in 11 studies in a co-teaching format between the
regular teacher and an expert in the field of climate change, and in
seven studies the intervention was taught by experts.

Regarding the study design, the majority of the studies used a
pre-post design (35 studies), 16 studies used a controlled quasi-
experimental design, and two studies used an experimental design. It
should be noted, however, that a large proportion of the controlled
studies compared different variations of climate education
interventions, which differed, for instance, in the methodological
implementation of the climate education content, but not in the
content, meaning that both the intervention and the control group
received a CCE intervention. Only nine studies used control groups
that received no CCE intervention. Appendix Table A2 provides an
overview on the characteristics of the included studies.

3.2 Mean effect sizes

In a first step we compared the four multi-level models described
in the methods section to identify the model with the best fit to the
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data using a likelihood-ratio test (LRT) and looking at the model fit
indices (AIC, BIC). The random effects model with a four-level
structure showed the best fit indices and was therefore used in all
subsequent calculations. A comparison of the different models with
respective fit indices is provided in Appendix Table A3.

In a second step, we calculated the mean effect sizes. Figures 2-4
provide an overview on the individual effect sizes and their
corresponding 95% confidence intervals for knowledge, attitude, and
behavior. Overall, there was a significant medium to large mean effect
for the outcome climate related knowledge based on 43 studies with
132 effect sizes (g =0.77, 95% CI = 0.58, 0.96; Figure 2). Sensitivity
analyses that included the outlier value showed a similar result
(g=10.79, 95% CI =0.59, 0.99, based on 133 effect sizes from 43
studies). The heterogeneity between the effect sizes was substantial
[Q(df = 131) = 6'541.43; p < 0.0001] as was the within group variance
and the between study variance (Table 1). Regarding the mean effect
size for attitude related outcomes, there was a significant small to
medium effect based on 17 studies with 46 effect sizes (g = 0.39, 95%
CI=0.17, 0.62; Figure 3). Sensitivity analyses that included outlier
values showed a slightly higher effect size (g = 0.45, 95% CI = 0.14,
0.75, based on 48 effect sizes from 17 studies). The heterogeneity
between the effect sizes was also substantial [Q(df = 45) = 1'777.26;
P <0.0001], as was the within group variance and the within study
variance (Table 1). In terms of behavior related outcomes, there was a
small to medium mean effect based on 11 studies with 30 effect sizes
(g=10.36,95% CI =0.12, 0.61; Figure 4). The heterogeneity between
the effect sizes was substantial [Q(df = 29) = 613.65; p < 0.0001], as
well as the within group variance and the within study variance
(Table 1).

3.3 Moderation analysis

Table 2 provides an overview of the results of the moderator
analysis for the three outcome variables: climate related knowledge,
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FIGURE 2
Caterpillar plot displaying effect sizes as Hedge's g and 95% Cl for
outcome knowledge.
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FIGURE 3
Caterpillar plot displaying effect sizes as Hedge's g and 95% CI for
outcome attitude.

Effect size g

FIGURE 4
Caterpillar plot displaying effect sizes as Hedge's g and 95% Cl for
outcome behavior.

TABLE 1 Distribution of variance and heterogeneity by level of the multilevel model.

Variance

Heterogeneity

Variance (%)

Knowledge 1. Random sampling error 2
2. Within-group level 23 0.10 <0.0001
3. Within study level 10 0.05 0.05
4. Between study level 64 0.28 0.0007
Attitude 1. Random sampling error 2
2. Within-group level 36 0.11 <0.0001
3. Within study level 53 0.15 0.02
4. Between study level 9 0.03 0.76
Behavior 1. Random sampling error 2
2. Within-group level 15 0.02 <0.0001
3. Within study level 83 0.17 0.003
4. Between study level 3 0.00 1.0

attitude, and behavior. For knowledge related outcomes, we found a
significant effects for the content of the intervention (i.e., interventions
that covered the basics of climate science seem to be more effective in
promoting knowledge than those who do not),. For attitude related
outcomes, there was a significant effect for the duration of the
intervention (i.e., 90-min or shorter interventions seem to be more
effective than longer ones) and the teacher, (i.e., studies in which
experts delivered the intervention have larger effect sizes than studies
that implemented a co-teaching between the regular teacher and an
expert). We found no significant moderator variables for behavior
related outcomes. Note however, that the moderator analyses for the
outcome variables attitude and behavior are based on a small number
of studies, which means that these results must be interpreted
with caution.

Frontiers in Education

3.4 Publication bias

An Egger’s test with corrected standard error was conducted
separately for the three outcome variables and indicated a significant
publication bias for knowledge related outcomes, b = 1.20 (CI: 0.92-
1.49), p = 0.003. Visual analysis of the funnel plots also showed an
asymmetry for knowledge related outcomes (see Figure 5). The trim
and fill analysis yields that our sample of effect sizes might lack six
negative effect sizes. If these effect sizes would originate from one
study, then the overall effect size would decrease to g=0.62 (95%
CI =0.38, 0.89). If they originate from six different studies, then the
overall effect size would decrease to g = 0.71 (95% CI = 0.48, 0.93). For
the outcomes, attitude, and behavior, we found no evidence for a
publication bias.
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TABLE 2 Moderation analysis.

Moderator Outcome: Knowledge Outcome: Attitude Outcome: Behavior
g (95% Cl) g (95% Cl) g (95% ClI)

Content
Basics about CC 33 108 0.86 (0.63, 1.09) 7 22 | 0.48 (—0.04, 1.00) 5 11 | 0.48 (—0.04, 1.00)

F(1,14.30) = 5.34, p = 0.04 F(1,12.48) = 0.45, p = 0.51 F(1,7.74) = 1.77, p = 0.22
No basics 10 22 0.47 (0.19, 0.75) 10 24 0.32 (0.04, 0.60) 6 19 | 0.20 (—0.02,0.43)
Effects multiple domain 23 59 0.85 (0.54, 1.16) 12 16 | 0.38(—0.38,1.13) 7 16 | 0.17(=0.12,0.22)

F(1,36.91) = 0.55, p = 0.46 F(1,6.76) = 0.005, p = 0.94 F(1,3.77) =3.91,p = 0.22
Effects one domain 18 68 0.71 (0.47, 0.96) 5 30 0.40 (0.11, 0.69) 3 13 0.50(0.08,0.92)
Actions against CC 24 72 0.85 (0.54, 1.16) 14 42 0.38 (0.11, 0.66) 10 28 | 0.39(0.08,0.70)

F(1, 36,37) = 1.00, p = 0.32 F(1,2.63) = 0.04, p = 0.85 F(1,8.14) = 3.00, p = 0.12
No actions against CC 18 58 0.67 (0.47, 0.87) 3 4 | 0.45(—0.85,1.76) 1 2 0.16 (0.15,0.17)
Population: Grade
Lower secondary 20 88 0.71 (0.45, 0.97) 6 15 0.16 (0.03, 0.28) 5 20 | 0.12(0.01,0.23)

F(1,28.79) = 0.29, p = 0.60 F(1,820) = 1.11, p = 0.32 F(1,1.67) = 0.00, p = 0.96
Upper secondary 15 32 0.82 (0.46, 1.18) 5 17 0.43 (—0.29, 1.15) 2 3 0.11 (—1.26, 1.48)
Duration
Short <= 90 min 6 27 0.84 (0.20, 1.48) 2 7 1.10 (0.54, 1.66) 2 6 0.68 (0.12, 1.17)

F(1,6.63) =0.05,p =083 F(1,1.42) = 88.96, p = 0.03 F(1,1.76) = 1.14, p = 0.41
Long < 90 min 35 95 0.78 (0.56, 1.00) 15 39 0.25 (0.09, 0.42) 8 23 | 0.30(0.07,0.52)
Teacher
Regular teacher 25 50 0.70 (0.50, 0.92) 7 20 0.43 (—0.07, 0.93) 8 15 0.39 (0.01, 0.76)
Expert/researcher 5 20 0.68(—0.23, 1.58) F(2,3.93) =1.33,p =0.36 4 6 0.82(0.36,1.28)° | F(2,5.83) = 6.95, p = 0.03 1 2 0.20(0.19,0.20) | F(2,1.58) = 0.63, p = 0.63
Co-teaching 5 18 1.21 (0.43, 2.00) 4 17 0.06 (—0.34, 0.46) 2 13 0.33(0.35,1.02)
Study design
Pre-post 42 95 0.79 (0.59, 0.99) 17 32 0.42 (0.22, 0.62) 11 20 | 0.35(0.11,0.58)
Pre-fu 6 12 0.51 (0.14, 0.88) F(2/4,18)=1.37,p=0.35 1 2 0.21 (—0.06,0.49) = F(2,1.68) = 21.77, p = 0.06 0 0 F(1,2.1) = 0.44, p = 0.57
Controlled design 7 25 0.72 (0.47, 0.96) 4 12 0.29 (—0.47, 1.05) 4 10 | 0.43(—0.06,0.91)
Evaluation: Instrument
Multiple choice 17 55 0.62 (0.31,0.93)
Open answer 10 25 0.63 (0.42, 0.85)

F(3,8.55) = 0.96, p = 0.46
Mixed form 11 31 0.80 (0.51, 1.10)
Not defined 8 19 0.99 (0.28, 1.71)

*Only differences between studies in which experts/researchers teach and those in which teachers and experts teach together is significant.
Bold numbers indicate statistical significance.
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4 Discussion

The aim of this meta-analysis was to investigate the effects of
climate education interventions on climate literacy, including
knowledge, attitude, and behavior by determining the average
effectiveness across all intervention studies and to investigate
moderator variables that explain differences in the effect sizes of the
individual studies to determine characteristics of CCE that are
particularly effective.

4.1 Mean effect sizes (RQ 1)

We found a significant medium to large mean effect size for
knowledge related outcomes (g = 0.77), and small to medium effects
for attitude related outcomes (g=0.39) and behavior related
outcomes (g = 0.36). However, we found evidence that the mean
effect size for knowledge related outcomes is affected by publication
bias and thus might be substantially smaller. The mean effect sizes
for attitudes and behavior are nearly identical to the mean effect sizes
for the outcomes reported by van de Wetering et al. (2022) in their
meta-analysis on environmental education, and the associated
confidence intervals of these two meta-analyses overlap substantially.
Swigtkowsk et al. (2024) report a bigger effect size of g = 0.53 for
intervention effects on children’s pro-environmental behavior but
again the confidence intervals this effect overlaps substantially with
the confidence intervals for behavioral outcomes found in the meta-
analysis of van de Wetering et al. (2022) and in our meta-analysis.

Frontiers in Education

We found a smaller mean effect size for knowledge (g= 0.77)
compared to van de Wetering et al. (g = 0.95) but the confidence
intervals of both analyses overlap, too (even with the ones from our
trim and fill analysis). The similarity of the mean effects between the
three meta-analyses is striking, as these three meta-analyses differ in
their inclusion criteria and as the body of primary studies between
our analysis overlaps by only five studies with the analysis by van de
Wetering et al. (2022) and by three studies with the work of
Swigtkowsk et al. (2024). The similar findings of those three meta-
analyses support the validity of the identified mean effect sizes
because CCE can be seen as a branch of the much broader
environmental education (Blum et al., 2013).

Regarding the finding that the effect sizes for knowledge were
higher compared to attitude and behavior, multiple explanations are
possible. First, from a methodological perspective it is easier to reliably
assess students’ knowledge than to assess attitudes or behavior (Lange
and Dewitte, 2019). More reliable measures are less effected by error
variance and thus better capture intervention effects which means that
they produce bigger effect sizes. Second, most interventions focus on
teaching knowledge about climate change. This focus on knowledge
was also found in the meta-analysis of van de Wetering et al. (2022)
and is also reflected in the fact that most studies assessed climate
change related knowledge, whereas comparatively few assessed
attitude and behavior. If the focus of an intervention is not to change
attitudes and behaviors, it is not surprising that the intervention is not
as effective on these side-measures than on measures of the focus
construct. Third, attitudes can be strong, meaning that they are stable
over time and difficult to change (Ajzen, 2001; Verplanken and Orbell,
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2022). Fourth, a growing body of literature suggests that knowledge
about climate issues is not sufficient to stimulate climate related
behavior change and that the relationship between knowledge and
behavior is complex (Boyes and Stanisstreet, 2012; Norgaard, 2009;
Tasquier and Pongiglione, 2017). Some empirical studies report
correlations between climate and environmental knowledge and
behavior (Masud et al., 2015; Pothitou et al., 2016) or knowledge and
attitudes (Tasquier and Pongiglione, 2017), while others failed to find
such effects (Ajzen et al., 2011; Mei et al., 2016). These conflicting
findings can be explained by the theory of planned behavior, according
to which knowledge is insufficient to explain behavior. Instead,
individual attitudes, norms, perceived behavioral control, and beliefs
that may or may not be based on correct knowledge are crucial to
explain individual behavior (Ajzen et al., 2011). In consequence, the
same gain in knowledge does not result in the same changes in
behavior so that the effect sizes of behavior measures are smaller than
those of knowledge measures. Fifth, not all types of knowledge might
be equally relevant for supporting behavior changes (Tasquier and
Pongiglione, 2017; Truelove and Parks, 2012). Declarative knowledge
about the basics of climate change might be less relevant for changing
behavior than procedural or action knowledge regarding what can
be done against climate change. Thus, current studies on climate
change education might effectively teach knowledge but the wrong
type of knowledge for behavior changes. Sixth, even though the CCE
interventions assessed within the studies of this meta-analysis covered
a wide range of topics including basic knowledge about climate
change, its effects and potential mitigation and adaptation actions, the
majority of CCE interventions was conducted within subjects of
natural sciences whereas CCE interventions conducted within subjects
of social sciences and humanities were scarce. However, it has been
argued, that a stronger focus on social sciences would be important
for promoting climate literacy in a more wholistic way; particularly in
addressing the social drivers of climate change which in turn can
inform and promote climate change actions (Shwom et al., 2017;
Vuong and Nguyen, 2024). Although our argumentation focuses on
behavior changes, it can be transferred to attitudes since attitudes and
behavior are related (Kaiser et al., 2010). Overall, there are some
potential explanations for the finding of smaller effects for attitude and
behavior compared to knowledge. Future research should have a
stronger focus on how attitude and behavior can be promoted in the
context of climate education and how knowledge relates to attitudes
and behavior (see, e.g., suggestions for research on how to effectively
promote attitudes and behavior in Riess et al., 2022).

In addition to differences in the mean effect sizes, we also found
interesting differences between knowledge, attitude, and behavior
variables in the distribution of variance over the between, within-
group, and within-study level (Table 1). For knowledge related
outcomes, the variance attributed to the between study level is much
larger than the within-group and within-study variance. For attitudes
and behavior related outcomes, however, the within-group and
within-study variance exceed the between-study variance. The
variance estimations for attitudes and behavior variables should
be treated with caution, as they are estimated from a small number of
studies which can result in an underestimation of the total variance
(Moeyaert et al., 2017). However, as the meta-analysis by van de
Wetering et al. (2022), which is based on a much larger sample of
studies, also found that the within-study variance increases for
attitudes and behavior outcomes, we will discuss the meaning of this
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finding, too. A possible reason for the increasing within-study
variance for attitudes and behavior related outcomes is that the same
persons respond differently to items addressing different attitudes or
behaviors. This can lead to an increased within-group and within-
study variance if multiple attitudes and behaviors are measured within
the same study. From environmental education, it is known that
persons’ responses to behavior measures depend on the concrete
behavior, as some behaviors are associated with higher costs than
others, while some changes may be accompanied with additional
benefits such as saving money (Lange and Dewitte, 2019). Similarly, it
can be assumed that attitudes differ for different facets of attitude such
as concern about climate change, self-efficacy, or belief in climate
change. In consequence, it is not meaningful to treat various measures
of attitudes and behavior as uniform constructs. To overcome this
challenge, further research needs a common theoretical framework to
describe which costs and benefits are related to a particular behavior
or attitude.

4.2 Findings of moderator analyses (RQ
2-4)

Regarding research question two, we found a significant effect of
the content of the intervention on knowledge related outcomes.
Interventions that teach basic knowledge about climate change like the
difference between climate and weather have larger effect sizes than
interventions that do not teach such knowledge. A potential reason
for this effect might be that basic knowledge about the climate system
is crucial for understanding concepts such as global warming as the
basic knowledge is a foundation for understanding more complex
concepts. For attitudinal and behavioral outcomes, we did not find an
effect of basic knowledge.

Moreover, we found a significant moderator effect for the
duration and the teacher (research question three) for attitude
related outcomes. Shorter interventions of up to 90 min were more
effective than interventions that were longer than 90 min. At a first
glance, this finding may sound counterintuitive. However, a possible
explanation could be that early on in an intervention in which
students are confronted with the alarming topic of climate change,
students’ emotions may be raised, making the urgency of the topic
particularly present. This initial urgency and accompanying
emotions may diminish over time as students go about their
everyday lives. Hence, attitude changes might be most pronounced
after short interventions in which the assessment takes place
immediately before and after the intervention. Similar effects are
known from other psychological areas, such as mindfulness
interventions where effects of short interventions of one or two
weeks showed larger effects compared to longer interventions of
three or four weeks (Sedlmeier et al., 2018). However, more research
is needed to investigate the temporal development of attitude during
CCE interventions. Moreover, we found that studies in which
researchers teach have significantly larger effects on attitudinal
outcomes than studies in which teachers and experts teach together.
We can only speculate about the reasons for this finding. It might
demonstrate the crucial role of the teacher for students learning
(Hattie, 2003). The multi-level analysis by Scharenberg et al. (2021)
provides a first indication that this assumption might be correct.
Teachers’ attitudes towards ESD and their professional knowledge
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emerged to be important predictors of student’s development of
sustainability competencies over the course of a school year. Further
research should investigate which teacher variables are related to
higher student learning to understand the role of teachers in
CCE. Regarding research question four (impact of the study design
and test instruments), we found no significant effect.

However, contrary to our expectations, we found only very few
moderator effects in this meta-analysis. One reason might be the
relatively small number of primary studies, especially for attitude
and behavior outcomes, which limits the power of our analysis.
However, the meta-analysis by van de Wetering et al. (2022) also did
not find any significant effects, even though they had a larger sample
of studies. It might be that the absence of moderator effects is a
property of environmental and climate education, as these
educational concepts are very broad and aim at changing multiple
outcome variables by utilizing a broad variety of teaching methods.
Thus, it might be that the variance in the field is too broad to detect
variables explaining the variance in study outcomes. This problem
could be addressed only if more detailed theoretical frameworks
exist based on which existing studies can be categorized into
meaningful categories that represent specific learning processes for
particular outcome variables.

4.3 Limitations

The present meta-analysis has several limitations. First, there
was substantial heterogeneity among the included studies calling for
caution when interpreting the mean effect sizes of this meta-analysis.
Second, a large proportion of studies used ad hoc measures that had
previously been validated. This likely contributed to the large
heterogeneity among measures, making aggregation within a meta-
analysis challenging. Future research should rely on validated
measures more often. Third, most studies assessing behavior relied
on self-report measures for performed or intended climate friendly
behavior. However, self-report measures of behavioral outcomes are
susceptible to retrospective biases, personal expectations, and social
desirability (Lange and Dewitte, 2019). Future studies should use
more objective and behavioral measures. Fourth, only few studies
included students in primary education within mixed samples of
primary and secondary students. Accordingly, the results of this
meta-analysis can only be generalized to secondary students. This is
a crucial limitation as a recent meta-analysis has shown that
intervention effects on children’s pro-environmental behaviors are
larger for younger than for older children (Swigtkowsk et al., 2024).
Fifth, our meta-analysis has a bias towards content from the natural
sciences as the majority of included interventions were conducted
within subjects of natural sciences whereas CCE interventions
conducted within subjects of social sciences and humanities were
scarce (Westphal et al., 2025). Thus, further intervention studies
should investigate how interventions within social sciences influence
students’ knowledge, attitudes and behavior in the context of
climate change.

Sixth, since we only included studies published in English, there
was a country bias, with the majority of studies having been published
in the United States. Lastly, the methodological quality of many
studies was low. Therefore, more qualitatively high research is needed
in the area of climate change education.
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5 Conclusion

In sum, this meta-analysis shows a significant mean effect of
climate education on climate literacy. The medium to large effects for
climate related knowledge demonstrate that CCE education is effective
for promoting the knowledge component of climate literacy. However,
the medium to small effects for attitude and behavior show that CCE
is less effective for substantial changes in attitudes and behavior. This
interpretation is supported by findings of the meta-analysis of van de
Wetering et al. (2022) on environmental education and by a meta-
analysis of Delmas et al. (2013) on interventions aiming at saving
electric energy, who also found only small effects of education on
behavior changes. To expect that CCE can contribute to mitigating
climate change, thus, seems to be unrealistic. Furthermore, we found
significant moderator effects for the duration of the intervention and
the teacher on attitudinal outcomes, as well as a significant effect of
teaching basic knowledge about the climate system on knowledge
related outcomes. It must be noted, however, that the heterogeneity of
the included studies was large, calling for caution when interpreting
these results. Overall, the results of this meta-analysis are promising,
but based on the current evidence, no specific recommendations for
climate change education practice are possible, with great need for
more qualitatively high research about CCE. Furthermore, additional
research syntheses are needed because the body of primary studies of
the existing meta-analyses (nearly) not overlap, which demonstrates
that research on environmental education and climate education is
fragmented. Further research synthesis should address this
fragmentation for example by combining the datasets of existing
meta-analyses in meta- meta-analysis.
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