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A B S T R A C T

Introduction: Despite the potential of school-based programs targeting climate awareness and action to sup-
port students in addressing the climate crisis and to improve their mental health and well-being, there is lim-
ited evidence for their effectiveness. In preparation for a cluster-randomized controlled trial, we assessed the
feasibility of evaluating the Public Climate School (PCS), a one-week school program in Germany, and its
effects on theory-based behavioral and psychological outcomes.
Material and methods: We enrolled 158 students from 11 classes (grades 7−13) into a cluster-controlled pilot
study. Four classes were allocated to the waitlist control group and 7 to the intervention group participating
in the PCS in November 2021. Using online surveys, we assessed theory-based behavioral and psychological
outcomes at baseline and follow-up. Two-level models were used to investigate changes in outcomes.
Results: 125 students completed the baseline and follow-up survey (dropout rate: 21 %). For most outcomes
we observed no between-group differences, except for pro-environmental communication and engagement
(e.g., posting on social media; p=.040) and perceptions of environmental norms (p=.001) in the anticipated
direction.
Conclusion: This study confirmed the feasibility of evaluating the PCS and provides parameter estimates to
guide sample size calculations and study design decisions for future research. Together with recent work on
the association between collective action and mental health, the effect of the PCS on pro-environmental com-
munication and engagement highlights the value of examining effects of education for sustainable develop-
ment programs on student health and linking them to collective action in future work.
© 2023 The Authors. Published by Elsevier Masson SAS. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

The climate crisis poses unprecedented threats to human liveli-
hoods and health [1], requiring mitigation and adaptation measures
at all levels of society. Today’s young generation is particularly
affected by the detrimental consequences of the climate crisis [2,3]
and suffers from adverse mental health effects, including climate
anxiety [4−6]. In a recent multi-country survey among young people,
75 % of respondents perceived their future as frightening [4], with
low levels of self-efficacy potentially aggravating climate anxiety
[7,8]. Meanwhile, young people are a driving force behind the current
climate protests (e.g., Fridays for Future) and can contribute to cli-
mate action in meaningful ways [9]. Recent work suggests that unlike
individual actions, collective action such as joining or leading
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advocacy groups or participating in climate protests might be associ-
ated with beneficial effects on mental health and well-being in
youth [10].

Schools can play an important role in promoting climate knowl-
edge in young people by providing information on the climate crisis
and its consequences as well as mitigation and adaptation strategies
[11]. Moreover, they have the potential to foster student mental
health in light of the accelerating climate crisis by promoting skills to
take collective climate action [10]. However, the implementation of
education for sustainable development (ESD) programs aimed at fos-
tering climate awareness and action is currently limited in Germany
and internationally [12,13]. Progress in the field is held back by lim-
ited and inconsistent evidence for the effectiveness of ESD programs
[14]. Prior work showed positive effects on students’ sustainability
knowledge [15,16], attitudes [16,17], and behaviors [12], but also
null effects were found for these outcomes [18].

Previous studies evaluating ESD programs rarely used theoretical
frameworks to inform their research, limiting the ability to investigate
mechanisms of behavior change based on the assessment of theory-
informed mediators [19]. To close this gap, we used the Social Identity
Model of Pro-Environmental Action (SIMPEA) [20] to guide the design
of this pilot study and the selection of outcomes [14]. The SIMPEA has
been used to explain social, psychological, and emotional determinants
of climate action [21]. Specifically, the SIMPEA proposes that climate
change-related cognitions (e.g., risk perceptions) and emotions (e.g.,
guilt) result from climate crisis appraisals, which in turn spur social
identity-related processes (e.g., adherence to social norms, collective
efficacy beliefs, and identification with groups). These processes, again,
affect pro-environmental intentions and behaviors.

This pilot study contributes to the limited body of evidence on
ESD programs by examining methodological and procedural aspects
of evaluating the Public Climate School (PCS), a multi-component
school-based program to improve climate awareness and action
among school students in Germany. In preparation of future inter-
vention studies assessing the effectiveness of the PCS and similar
school-based programs, we investigated participant recruitment and
retention, data quality as well as basic psychometric properties and
parameter estimates of SIMPEA-based outcomes.

2. Material and methods

2.1. Study design

The pilot study was based on a parallel-group cluster-controlled
design conducted in five schools in Germany with seven classes
Fig. 1. Participant flow.
Note. * One class dropped out prior to group allocation.
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participating in the PCS (henceforth intervention classes) and four
classes serving as waitlist controls (henceforth control classes; Fig. 1).
Control classes took part in the PCS after the pilot study. Data were
collected one week before (‘T’: Time; T1) and one week after the PCS
(T2), in close collaboration with Klimabildung e.V., the NGO imple-
menting the PCS. The study design and selection of outcomes
was guided by the SIMPEA [20], described in detail in the study
protocol [14].

The study was prospectively registered with the German Clinical
Trials Register (ID: DRKS00027021). School authorities at federal
level and the Ethics Committee of the Department of Education and
Psychology of the Freie Universit€at Berlin (036/2021) approved the
study. Written informed consent was obtained from students and
their parents. No financial incentives were offered for study partici-
pation.

2.2. Recruitment and group allocation

We invited teachers from approximately 7,500 schools in Ger-
many to participate in the pilot study by providing study information
via the PCS newsletter. Given the study’s focus on adolescents aged
12−19 years, we recruited a convenience sample of classes covering
grades 7−13 without specifying further exclusion criteria. We then
invited all students in participating classes to take part in the baseline
and follow-up surveys by distributing a leaflet on study content and
procedures, without applying any exclusion criteria at student level.

Classes were allocated to the intervention or control group after
recruitment. Due to logistical constraints, group allocation was per-
formed locally by teachers that were instructed to assign their classes
by tossing a coin. Given the type of intervention, it was not possible
to blind the school community or the implementation team to the
intervention status of the classes.

2.3. Intervention

The PCS targets all schools in Germany and aims at increasing stu-
dents’ knowledge about the climate crisis and empowering them to
become change agents that initiate climate action. Given its aim to
bridge the gap between knowledge and action, the PCS applies core
ESD principles such as forward thinking, autonomous action, or par-
ticipation in social decision-making processes [22]. It focuses on the
climate crisis and related topics such as biodiversity loss, climate jus-
tice, climate communication, economic impact of the climate crisis,
visions of a sustainable future, or climate and arts. The PCS comprised
four components, including live online lessons, climate-related



Table 1
Sample characteristics by study group.

Intervention
group
n = 98

Control
group
n = 60

M (SD) or n (%) M (SD) or n (%)
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challenges of the day, workshops, and peer exchange sessions. A
detailed description of the PCS components is presented in the Sup-
plemental Online Appendix (Table S1). This pilot study evaluates the
PCS from 2021, conducted during a school week between November
22-26. Intervention material and further information are presented
on the PCS website [23].
Grade level (7-13) 10.66 (1.69) 9.73 (1.53)
Gender
Female 42 (43 %) 27 (45 %)
Male 54 (55 %) 32 (53 %)
Diverse 2 (2 %) 1 (2 %)

Social status (1=lowest - 10=highest) 6.14 (1.78) 6.43 (1.79)
Parental education: at least 12 years of
schooling
Both parents 32 (36 %) 23 (45 %)
One parent 23 (26 %) 18 (35 %)
None 35 (39 %) 10 (20 %)

Municipal size
< 5,000 inhabitants 15 (15 %) 8 (14 %)
5,000 − 19,999 inhabitants 19 (19 %) 8 (14 %)
20,000 − 99,999 inhabitants 19 (19 %) 23 (40 %)
100,000 − 999,999 inhabitants 37 (38 %) 12 (21 %)
≥ 1,000,000 inhabitants 8 (8 %) 7 (12 %)

Note. M: mean. SD: standard deviation. (x-y) refers to the response range of the
variable.
2.4. Data collection and measures

We invited students to complete online surveys before and after
the PCS. Using a link or QR code on the invitation leaflet, students
accessed the online surveys implemented in Unipark (QuestBack
GmbH, Oslo, Norway) on their private devices during school hours.

As process measures, we assessed participant recruitment and
retention, proportions of missing data, as well as basic psychometric
properties of the scales. The selection of the primary and secondary
outcomes was guided by the SIMPEA [20]. An overview of outcome
measures is provided in the Supplemental Online Appendix (Table
S2). Given a lack of validated German scales for outcome assessment,
we translated and adapted items from international studies. When
suitable items were not available, we created new items. Sociodemo-
graphic data were assessed at baseline and included grade level, gen-
der, subjective social status (assessed with the German version of the
MacArthur Scale [24]), parental educational attainment, and munici-
pal size.
2.5. Data analysis

In retention analyses, we investigated whether students providing
data at both time points differed from students that only provided
baseline data by assessing baseline differences via t- or x2-tests and
using a binary retention variable (0=not retained for analysis,
1=retained) [25]. For group allocation tests, corresponding proce-
dures were conducted using a binary group allocation variable
(0=control group; 1=intervention group). Parameter estimates for
study outcomes at T2 were investigated in Mplus using separate ran-
dom intercept two-level models with students nested in classes. The
intervention group and grade level were included as class-level pre-
dictors. Student-level predictors were the baseline level of the out-
come, students’ gender (female=1), and subjective social status.
Unless dichotomous, predictors were grand-mean centered. To
account for missing data, we applied full information maximum like-
lihood procedures for model estimation. To assess the proportion of
variance observed at student- and class-level, we investigated intra-
class correlation coefficients (ICC) for all outcomes.

Data analyses were conducted with IBM SPSS 29 and Mplus (Ver-
sion 8.1 [26]). For replication purposes, analysis codes are available
upon request.
3. Results

3.1. Sample characteristics

Classes from five schools in three German federal states (Baden-
W€urttemberg, Niedersachsen, and Schleswig-Holstein) participated
in the study. While three study sites were high schools, the remaining
two sites comprised a mix of school types including high school, sec-
ondary school, and vocational school. In total, twelve classes were
recruited with one class dropping out before group allocation. In
grade levels 7, 9, 10, 11, and 12, two classes participated in the study,
respectively, while only one class in grade level 13 took part. In total,
158 students were enrolled in the study, translating to an average
number of 14 participants per class (range: 7−26). Detailed sample
characteristics are presented in Table 1.
3

3.2. Group allocation and participant retention

Seven (98 students) and four classes (60 students) were allocated
to the intervention and control group, respectively. Group allocation
tests revealed that baseline variables were similarly distributed in
both groups, except for student grade level (intervention group:
M = 10.66, SD=1.69; control group: M = 9.73, SD=1.53; t(156)=-3.48,
p<.001).

In total, 125 students from 11 classes provided data for both time
points (79 % retention). There was no evidence for differences in
baseline variables between students providing data at both time
points and students only providing baseline data, except for subjec-
tive social status (students providing baseline data only: M = 5.48,
SD=1.43; students providing data at both time points: M = 6.43,
SD=1.82; t(148)=�2.62, p=.010).
3.3. Observations during data collection

Students participated in the online surveys mainly via their pri-
vate smartphones and needed on average 18 (SD=6, range: 7−46)
and 13 minutes (SD=4, range: 6−24) to complete the questionnaire at
T1 and T2, respectively. According to teacher reports, study material
including a manual and checklist were highly valued by school staff
and informed consent procedures were well accepted by students
and parents. In lower grade levels, teachers had to support some stu-
dents in completing the surveys.
3.4. Data quality and basic psychometric properties

At T1, data from 155 to 158 participants were available for each
item (item-level proportion of missing data: ≤ 2 %). At T2, data from
120 to 125 participants was received (item-level proportion of miss-
ing data: ≤ 4 %).

Most items contributed to higher internal consistency of scales,
except for two items that were excluded for scale computation (cli-
mate change-related positive emotion scale: ‘convinced’; postmater-
ialistic values scale: ‘One should now allow that measures to reduce
carbon emissions are compromising wealth’). Final scales showed
mostly acceptable or good internal consistency (Cronbach’s alpha:
0.63−0.94; Table 2).



Table 2
Descriptive statistics and internal consistency for study outcomes per group.

Intervention group Control group

Cronbach’s a M (SD) Skewness Kurtosis M (SD) Skewness Kurtosis

Primary outcome
Behavioral intentions for pro-environmental consumer behaviors (1-6) T1 .77 4.27 (1.11) �0.48 0.29 3.78 (1.30) �0.27 �0.87

T2 .87 4.34 (1.41) �0.93 0.28 3.96 (1.28) �0.30 �1.08

Secondary outcomes
Behavioral intentions for pro-environmental communication and engagement (1-6) T1 .82 2.73 (1.39) 0.56 �0.37 2.38 (1.12) 0.40 �1.01

T2 .88 2.74 (1.53) 0.54 �0.83 2.26 (1.20) 0.61 �0.32
Pro-environmental consumer behaviors (1-6) T1 .63 4.13 (0.95) �0.12 0.13 3.82 (1.02) �0.26 �0.89

T2 .74 4.03 (1.22) �0.67 0.02 3.77 (0.94) 0.12 �1.09
Pro-environmental communication and engagement behaviors (1-6) T1 .72 2.57 (1.27) 0.59 �0.29 2.18 (1.00) 0.57 �0.71

T2 .82 2.51 (1.41) 0.57 �0.91 1.87 (0.91) 0.71 �0.79
Climate change-related positive emotions (1-5) T1 .69 2.16 (0.85) 0.98 1.10 2.48 (0.86) 0.60 0.27

T2 .69 2.24 (0.90) 0.60 0.07 2.16 (0.78) 0.48 �0.12
Climate change-related negative emotions (1-5) T1 .89 2.70 (0.83) 0.17 �0.77 2.46 (0.73) 0.41 0.02

T2 .93 2.65 (0.92) 0.04 �0.71 2.49 (0.94) 0.21 �0.79
Climate change-related risk perception (1-5) T1 .74 3.89 (0.66) �0.74 0.89 3.66 (0.57) �0.78 �0.11

T2 .90 3.78 (1.02) �1.65 2.25 3.66 (0.86) �1.32 1.71
Climate change-related concerns (1-6) T1 .80 4.70 (1.09) �1.06 1.30 4.33 (1.11) �0.73 0.71

T2 .83 4.49 (1.18) �1.27 2.08 4.12 (1.27) �0.64 0.23
Tendency to deny the climate crisis (1-6) T1 .80 1.68 (0.88) 1.75 2.36 1.98 (1.04) 2.22 6.15

T2 .89 1.68 (1.07) 2.56 6.95 1.88 (1.10) 2.00 4.65
Climate change-related self-efficacy (1-6) T1 .81 4.23 (1.12) �0.67 0.34 3.72 (1.23) �0.72 0.38

T2 .87 4.16 (1.29) �0.88 0.42 3.46 (1.42) �0.38 �1.05
Climate change-related collective efficacy (1-6) T1 .85 4.54 (1.10) �0.92 1.10 3.94 (1.29) �0.70 0.06

T2 .91 4.39 (1.46) �0.88 0.03 3.63 (1.52) �0.41 �1.11
Climate change-related altruistic values (1-6) T1 .76 5.62 (0.47) �1.44 1.69 5.34 (0.90) �2.50 8.74

T2 .83 5.48 (0.95) �3.30 12.03 5.37 (0.77) �1.28 0.68
Climate change-related biospheric values (1-6) T1 .83 5.44 (0.67) �2.06 5.65 5.13 (0.99) �2.31 6.51

T2 .89 5.33 (1.04) �2.68 8.03 5.00 (1.00) �1.28 1.19
Climate change-related environmental norms (1-6) T1 .92 3.74 (1.24) �0.04 �0.39 3.29 (1.17) 0.07 �0.62

T2 .93 3.81 (1.38) �0.49 �0.25 2.99 (1.12) �0.11 �1.11
Postmaterialistic values (1-5) T1 .73 3.86 (0.97) �0.47 �0.46 3.51 (1.11) �0.51 �0.37

T2 .82 3.84 (1.07) �1.05 0.74 3.36 (1.15) �0.52 �0.25
Identification with civic engagement groups involved in climate action (1-6) T1 .88 3.86 (1.34) �0.01 �0.77 3.40 (1.31) 0.02 �0.18

T2 .94 3.88 (1.61) �0.37 �0.87 3.16 (1.48) 0.21 �1.00
Climate knowledge (1-6) T1 .83 4.46 (1.10) �0.69 0.43 3.89 (1.18) �0.54 0.18

T2 .90 4.55 (1.19) �1.34 2.15 3.88 (1.33) �0.47 �0.44

Note. T1, intervention group: 97 ≤ n ≤ 98 students; T2, intervention group: 77 ≤ n ≤ 79 students. T1, control group: 58 ≤ n ≤ 60 students; T2, control group: 43 ≤ n ≤ 46 students
due to missing values.M: mean. SD: standard deviation.
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3.5. Parameter estimates for study outcomes

Most outcome variance was observed at the student level (ICC:
0.01−0.13; Table 3 and Supplemental Online Appendix, Table S3). An
ICC of 0.04 (e.g., pro-environmental communication and engage-
ment; Table 3) means that 4 and 96 % of the variance was accounted
for by the class and student level, respectively. Changes in behavioral
intentions for pro-environmental consumer behaviors (primary out-
come) did not differ between the intervention and control groups
(b = 0.14, 95 % CI [�0.42;0.71], p=.622). Changes in secondary out-
comes did not differ between groups either, except for pro-environ-
mental communication and engagement behaviors (b = 0.44, 95 % CI
[0.02;0.85], p=.040) and perceptions of environmental norms
(b = 0.50, 95 % CI [0.20;0.80], p=.001), both showing higher levels in
the intervention group.

4. Discussion

This pilot study aimed at investigating participant retention, data
quality as well as basic psychometric properties and parameter esti-
mates of outcome measures to inform future effectiveness studies of
the PCS and similar ESD programs.

4.1. Feasibility of evaluating the Public Climate School

Despite a comprehensive recruitment strategy involving 7,500
schools in Germany, only 11 classes from 5 schools participated in
4

the pilot study. Limited participation likely reflects disruptions in
school systems associated with the COVID-19 pandemic including
partial school closures and increased burden of school staff, but also
highlights the added value of developing targeted recruitment strate-
gies for evaluating ESD programs. Decentral group allocation by
teachers resulted in an unbalanced number of classes in the interven-
tion and control group pointing to the need for a centralized random-
ization procedure implemented by research staff, possibly using
stratified randomization [27,28]. In total, 79 % of students provided
data for both surveys reflecting an acceptable dropout rate. Higher
loss to follow-up among students from lower socio-economic back-
grounds highlights the importance of developing strategies to
increase retention rates in this group when evaluating ESD programs
[29].

Observations during data collection indicate high acceptability of
online surveys that students flexibly complete on their private smart-
phones or school-provided devices. Future studies should consider
liaising with school staff prior to study commencement regarding
technical requirements in order to enable each student to participate.
Providing teachers with a manual and checklist for assessment ses-
sions were important tools to facilitate data collection. To further
reduce teacher burden, research teams should consider attending
assessment sessions and assisting teachers with data collection in
future studies.

Low proportions of item-level missing data at both time points
suggest survey acceptability and reasonable participant burden. The
majority of scales showed at least good internal consistency at



Table 3
Parameter estimates for behavioral outcomes at follow-up (T2).

Estimate SE p-value 95 % CI

Primary outcome

Behavioral intentions for pro-environmental consumer behaviors (ICC=0.01)
Student-level predictors

Intercept at T2 4.07 0.36 <.001 3.36; 4.77
Baseline level of outcome 0.76 0.14 <.001 0.48; 1.04
Female (vs. not) 0.08 0.34 .811 �0.58; 0.74
Social status 0.06 0.07 .387 �0.08; 0.20

Class-level predictors
Intervention (vs. control) 0.14 0.29 .622 �0.42; 0.71
Grade level −a −a −a −a

Secondary outcomes

Behavioral intentions for pro-environmental communication and engagement
(ICC=0.05)

Student-level predictors
Intercept at T2 2.30 0.18 <.001 1.95; 2.66
Baseline level of outcome 0.74 0.08 <.001 0.59; 0.89
Female (vs. not) 0.32 0.19 .097 �0.06; 0.69
Social status 0.01 0.05 .988 �0.10; 0.10

Class-level predictors
Intervention (vs. control) 0.14 0.19 .485 �0.25; 0.52
Grade level 0.16 0.06 .006 0.05; 0.27

Pro-environmental consumer behaviors (ICC=0.09)
Student-level predictors

Intercept at T2 3.74 0.17 <.001 3.41; 4.08
Baseline level of outcome 0.51 0.09 <.001 0.33; 0.70
Female (vs. not) 0.37 0.19 .051 �0.01; 0.74
Social status �0.02 0.05 .765 �0.12; 0.09

Class-level predictors
Intervention (vs. control) �0.01 0.21 .979 �0.41; 0.40
Grade level 0.19 0.06 <.001 0.08; 0.29

Pro-environmental communication and engagement behaviors (ICC=0.04)
Student-level predictors

Intercept at T2 2.14 0.19 <.001 1.76; 2.51
Baseline level of outcome 0.67 0.09 <.001 0.49; 0.84
Female (vs. not) �0.23 0.22 .300 �0.66; 0.20
Social status �0.02 0.05 .748 �0.12; 0.09

Class-level predictors
Intervention (vs. control) 0.44 0.21 .040 0.02; 0.85
Grade level −a −a −a −a

Note. CI: confidence interval; ICC: intra-class correlation; SE: standard error. a:
Predictor was excluded due to model non-convergence. Unstandardized coeffi-
cients are reported. Significant parameter estimates in bold. Model estimates refer
to 120 ≤ n ≤ 121 students from 11 classes due to missing values. Average cluster
size: 11 students per class.
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baseline, except for pro-environmental consumer behaviors [30] and
climate change-related positive emotions [31]. To support the rigor-
ous assessment of ESD programs, there would be value in refining
available scales to improve their psychometric properties and to
develop new validated scales in case no high-quality instruments are
currently available.
4.2. Preliminary parameter estimates

Dropout rates, average cluster sizes as well as estimates for
parameters and intraclass correlation coefficients from this pilot
study can be used to inform study design decisions and sample size
estimations in future work [32]. Based on a sample of approximately
120 students, an average cluster size of 11 students per class and
small intraclass correlation coefficients, recent evidence from simula-
tion studies suggests that the pilot study was only powered to detect
medium-sized level-2 (i.e., class-level) effects [32], highlighting the
need for larger samples to detect smaller, yet meaningful effects.
Non-significant between-group differences in study outcomes could
thus be related to limited statistical power, precluding definitive con-
clusions regarding the effectiveness of the PCS.
5

Interestingly, we identified a significant between-group differ-
ence for students’ pro-environmental communication and engage-
ment (e.g., post on social media or talk with family members about
climate protection), pointing towards the potential of the PCS to not
only address consumer behaviors, but also civic actions aimed at
mobilizing other individuals [33]. This result adds value to recent
research on the potential of collective actions, as opposed to individ-
ual behaviors, to attenuate adverse effects of climate change anxiety
on mental health in young people [10,34]. Based on these results, we
currently plan a study with an additional 12-week follow-up survey
assessing associations between civic action and well-being after PCS
participation.

Taken together, our results and recent advances in the literature
suggest that the PCS and other ESD programs should provide oppor-
tunities for collective action to strengthen students’ impact (e.g.,
socio-ecological handprint [33]) and to promote their health and
well-being. In the context of the PCS, the climate-related challenges of
the day currently provide untapped potential to further strengthen
opportunities for collective action by refocusing the selection of chal-
lenges on civic actions. Complementing existing program compo-
nents, the PCS could be used as a platform to link students to civic
organizations, providing low-threshold opportunities for collective
climate action [33].

Moreover, we observed higher levels of perceived environmental
norms, a determinant of pro-environmental behaviors, in interven-
tion classes [20,35]. However, it has to be noted that both between-
group differences reflected a decrease in the control group with sta-
ble outcome levels in the intervention group. This result could be
explained by ‘Black Friday’ on November 26, 2021 (i.e., right before
the follow-up survey), a national sales event with discounts in many
stores [36]. Possibly, the PCS might have attenuated otherwise wors-
ening levels of students’ pro-environmental communication and
engagement and environmental norms.
4.3. Strengths, limitations, and future directions

Despite several strengths, including the assessment of an innova-
tive and highly relevant school-based program aimed at promoting
climate awareness and action as well as foundational work on multi-
ple feasibility components, we acknowledge several limitations. First,
this pilot study lacks statistical power to detect small effects in study
outcomes. This highlights the need for refined recruitment strategies
addressing school- and student-level barriers for study participation
to enroll sufficient schools and classes for a future effectiveness trial
[28]. Second, we observed an acceptable, but selective dropout rate,
indicating that students from lower socioeconomic backgrounds
were more likely to drop out. Future research should include incen-
tives to increase overall participation rates and follow up with non-
retaining students to hear about their reasons. Third, group allocation
procedures were not optimal, leading to unequal numbers of inter-
vention and control classes that could be addressed by a-priori ran-
domization performed by research staff and the inclusion of
stratification variables (e.g., grade level). Fourth, information about
the student-received “intervention dose” of the PCS program was not
gathered. In a future trial, the degree of participation and interaction
with program components should be assessed.

Given the intricate association between human health and the
accelerating climate crisis, future iterations of the PCS will build on
current health-related content including climate change-related
emotions and effects of the climate crisis on sports. Moreover, refined
versions will additionally focus on system-level factors to success-
fully adapt to the climate crisis including the interplay between
health workforce shortages and crisis preparedness of healthcare
systems.
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5. Conclusions

This cluster-controlled pilot study confirmed the feasibility of a the-
ory-based evaluation of the PCS and can inform recruitment, data collec-
tion as well as sample size estimations in future studies assessing the
effectiveness of ESD programs. Togetherwith recent work on the associa-
tion between collective action and mental health, the potential effect of
the PCS on pro-environmental communication and engagement high-
lights the value of examining effects of ESD programs on student health
and linking them tomeasures of collective action.
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