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Abstract: Introduction: School-based programmes may promote knowledge and skills required
to address climate change and better health and well-being in adolescents, yet evidence of their
effectiveness is limited. In preparation for evaluating the Public Climate School, a school-based
intervention to promote climate awareness and action in adolescents, we conduct a pilot study
intended to assess procedures for participant recruitment, retention, and data collection, data quality
issues and to provide preliminary parameter estimates to guide sample size calculations. Methods
and analysis: This unblinded, cluster-controlled pilot study targets students in twelve classes from
grades seven to thirteen in German public schools. Seven and five classes were allocated to the
intervention and waitlist control arms, respectively. The intervention consisted of (1) live lessons
on YouTube, (2) climate-related challenges of the day, (3) workshops and (4) peer exchange sessions.
Waitlist control classes participated three weeks later. Measures included the proportion of students
completing baseline and follow-up surveys, a comparison of baseline characteristics between students
in the retained subsample and those lost to follow-up, proportions of students completing online and
paper–pencil-based surveys and problems during data collection based on information reported by
teachers. Data quality was assessed as proportions of missing data, associations between missingness
and sociodemographic measures using logistic regression models and basic psychometric properties
of scales including ceiling effects and internal consistency. Intentions to reduce one’s ecological
footprint, the primary outcome, and all secondary outcomes for effect estimation were assessed
one week pre- and post-intervention from November to December 2021 using items adapted from
internationally used instruments and will be investigated using generalised linear mixed models and
intention-to-treat analyses. Conclusions: The pilot study will lay the methodological groundwork for
a large-scale cluster-randomised effectiveness and process evaluation of the Public Climate School. If
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proven effective and rolled out more broadly, the Public Climate School has the potential to contribute
meaningfully to national climate mitigation and adaptation efforts by reaching a substantial share of
adolescents in public schools, including those traditionally less involved in climate action.

Keywords: education for sustainable development; climate change; planetary health; self-efficacy;
collective efficacy; risk perception; behavioural intentions; pro-environmental behaviour; climate anxiety

1. Introduction

Anthropogenic climate change is the biggest threat to health in the 21st century and
has the potential to disrupt planetary systems as we know them [1–7]. Adolescents are par-
ticularly vulnerable to the negative effects of the accelerating climate crisis [8,9], particularly
in terms of negative mental health effects [10–12]. Anxiety concerning the consequences of
climate change is widespread among adolescents and impacts their daily functioning [13].
Moreover, a recent review highlighted that climate change places adolescents at risk of fur-
ther adverse mental health outcomes, including post-traumatic stress disorder, depression,
sleep disorders and substance abuse [10].

Adolescents can, however, play an important role as drivers of change. Together
with other civil society stakeholders, they have propelled the Fridays for Future move-
ment, demanding ambitious action to tackle the climate crisis at national and international
levels [14], and contribute to numerous sustainability initiatives locally [15]. Additionally,
preliminary evidence suggests a positive association between sustainability-related activ-
ities and individual well-being, pointing to the potential of adolescents’ climate action
for the prevention of climate-associated mental health problems [16]. These observations
provide support for ongoing efforts to promote climate mitigation and adaptation activities
among adolescents.

To safeguard acceptable living conditions for future generations, approaches are
needed that actively engage a broad spectrum of citizens in climate change mitigation
and adaptation. In this context, large-scale school-based programmes may be useful as
school attendance is mandatory in most countries, and programmes promoting climate
awareness and action in schools could thus reach a substantial proportion of young people.
School-based programmes have the potential to increase knowledge about the climate
crisis, empower students to become change agents and thus provide a basis for them to
initiate and contribute to meaningful climate action [17,18]. Recent evidence also suggests
that both students and teachers desire substantially more opportunities for education on
sustainable development (ESD) [19]. However, despite its greater implementation within
school curricula, current efforts have fallen short in Germany and elsewhere [20,21].

Despite the potential of school-based programmes, empirical evidence on their ef-
fectiveness remains limited. Results of observational studies remain largely inconsistent,
with some showing positive associations between ESD and students’ sustainability knowl-
edge [22,23], attitudes [22,24] and behaviours [25] and others showing no relationship for
the same outcomes [25]. To our knowledge, studies that test the effects of school-based
ESD interventions on climate awareness and action, explore mechanisms linking these
interventions to intended outcomes and assess contextual factors that potentially moderate
intervention effectiveness, do not exist [19].

Recently, the Public Climate School (PCS), a multi-component school-based pro-
gramme aiming to promote climate awareness and action among school students, has
been developed and offered in collaboration with public schools in Germany to approx-
imately 30,000 students each year since 2019 by Students for Future, an offshoot of the
Fridays for Future movement. The content and delivery of the PCS is guided by the concept
of ESD [26] and focuses on, inter alia, participatory teaching and learning methods, critical
thinking and imagining future scenarios [27]. The PCS is a complex intervention comprising
several interacting components, such as live online lessons, interactive workshops and peer
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exchange sessions, and engages different stakeholder groups including students, teachers,
school principals and the team implementing the PCS. Anticipated effects, potentially
influenced by a variety of contextual factors, include increased individual and collective
efficacy beliefs, increased identification with civil society groups involved in climate action
and pro-environmental behavioural intentions of students. To date, however, an evaluation
of this programme has not been undertaken.

In the proposed EvalPCS Pilot Study, Students for Future partner with academics
spanning diverse disciplines, including psychology, epidemiology, education research and
sociology, to address feasibility concerns related to participant recruitment and retention,
data collection, data quality and the required sample size for a future cluster-randomised
effectiveness study. The pilot study thereby aims to lay the groundwork for a future
comprehensive evaluation of PCS programme effectiveness, mechanisms of action and
contextual factors affecting its implementation and effectiveness.

Objectives

In this article, we describe the design of the EvalPCS Pilot Study. As primary objectives,
we investigate:

(1) Participant recruitment and retention;
(2) Data collection;
(3) Data quality.

As a secondary objective, we will obtain preliminary parameter estimates contributing
to future sample size calculations.

2. Methods and Analysis
2.1. Study Design

The study design reflects the updated UK Medical Research Council guidance on the
development and evaluation of complex interventions and focuses on investigating the
feasibility of the evaluation design, one of four phases in complex intervention research [28].
The pilot study is based on a two-arm, cluster-controlled design assessing the feasibility of
the PCS evaluation design in five schools with seven classes receiving the PCS (henceforth
intervention classes) and five classes serving as waitlist controls that received the PCS three
weeks later (henceforth control classes; Figure 1).
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2.2. Study Status

Allocation to the intervention and control groups was completed by November 19, 2021,
and the PCS was implemented between 22 and 26 November 2021. Data collection was
concluded by December 2021. Data cleaning and analysis is anticipated to start in May 2022.

2.3. Setting

All schools in Germany, without restrictions in terms of location, school type and
grade, can participate in the PCS. To invite schools, we disseminated information on the
content and delivery of the PCS via all state ministries of education. In addition, we used
social media channels and newsletters of the Fridays for Future, Students for Future and
Teachers for Future networks, the PCS newsletter and the network of schools established
during previous offerings of the PCS in November 2020 and May 2021.

2.4. Recruitment Strategy

An overview of the recruitment strategy is provided in the CONSORT flowchart
(Figure 1). While all classes of any grade including primary schools can participate in
the PCS, the pilot study specifically targeted adolescents. We therefore recruited a con-
venience sample of classes covering grades 7 to 13 (mostly attended by adolescents aged
12 to 19 years) to participate in the pilot study. With the aim of preparing a pragmatic
effectiveness study, we did not specify further inclusion or exclusion criteria for classes.
In October 2021, using the newsletter of the PCS, we invited all 7500 schools in 14 federal
states as well as 64 schools that had participated in previous PCS and were registered for
the present PCS to participate in the pilot study. By 19 November 2021, twelve classes from
five schools had consented to participate in the pilot study.

To recruit adolescents, we invited all students in participating classes to take part
in the pilot study by distributing a leaflet on the purpose and conduct of the study. All
student participants and their parents provided written informed consent. To strengthen
the generalisability of our findings, we did not apply any inclusion or exclusion criteria.
However, students lacking German language skills that would allow them to complete a
short questionnaire in German were excluded de facto.

2.5. Intervention

The goal of the PCS is to increase students’ knowledge about the climate crisis, em-
power them to become change agents and thus to create the basis for initiating and helping
to shape far-reaching climate action. With the aim of bridging the gap between knowl-
edge and action, the PCS goes beyond pure knowledge transfer and focuses more on
action-oriented learning in projects, role plays and encounters.

Together with experts from science and society, the implementation team devel-
oped the PCS in 2019. Although initially targeted at university students, the PCS was
first implemented in November 2020 in primary and secondary schools using tailored
content and materials. The PCS is rooted in ESD with its principles of forward thinking,
interdisciplinary knowledge, autonomous action and participation in social decision-
making processes [29]. Moreover, the PCS is guided by the 17 United Nations Sustainable
Development Goals. Prior to its first implementation in November 2020, one lesson
was pretested with one class to test technical and on-site procedures at the school. No
changes were made to content or delivery after the pretest. Since this time, the content
and delivery of the PCS has been constantly refined based on field reports and reflection
meetings of the implementation team.

In its current form, the PCS lasts for five days, is implemented twice a year in May
and November and focuses on the climate crisis and related topics such as biodiversity
loss [30], climate justice (i.e., attitudes and actions supporting the just division and fair
distribution of benefits and burdens of and responsibilities to tackle climate change) [31],
climate communication [1], economic impact of the climate crisis [32], visions of a sustainable
future [33] or climate and arts [34]. Based on prior work suggesting positive effects of tailoring
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strategies on intervention effectiveness [35], the PCS is tailored to local needs at two levels. At
the level of classes, teachers decide autonomously which intervention components they take
part in. At the level of intervention components, complementing the highly standardised live
lessons delivered centrally by the implementation team, the challenges of the day, workshops
and peer exchange sessions are tailored to local students’ needs.

Intervention components developed and implemented to this point include:
(1) Live lessons on YouTube: Four standalone live lessons per day that can be incor-

porated into classroom teaching individually are the backbone of the PCS. Lessons last
45 min each and are broadcast via the PCS YouTube channel. The lessons are suitable for
different grades and are delivered by teams of students with activist backgrounds and
subject experts, including university teachers and researchers, from different institutions
with expertise in the focus area of the respective lesson. The lessons, which emphasise the
importance of critical thinking, provide basic knowledge about the climate crisis and its
impact in different social and scientific fields (e.g., economics, politics).

Students follow live broadcasts on YouTube and are encouraged to actively participate
in lessons. Active participation is encouraged by several aspects. First, in addition to phases
focused on building knowledge, each lesson comprises a phase for discussions and mutual
exchange between students. Second, survey tools enable online interaction between experts
and students. Third, worksheets accompanying each lesson invite students to become
active themselves.

During the PCS, the implementation team collaborates with teachers on site. While
the presenters are primarily responsible for the actual knowledge transfer, the teachers are
in direct contact with students and provide technical support and non-technical assistance,
including the distribution of worksheets.

Live lessons are recorded and provided online together with worksheets and other
supplementary materials, including syllabi and podcasts (https://publicclimateschool.de,
accessed on 1 March 2022). This enables asynchronous participation in the PCS and makes
participation of teachers outside their subject area possible.

(2) Climate-related challenges of the day: On each day of the PCS, classes can op-
tionally participate in the challenge of the day, a format that encourages students to further
explore specific topics and enables them to take action by initiating their own projects and
activities. Activities include, inter alia, recording impacts of humans on the environment
in poems, podcasts or videos, preparation of material for climate protests, writing letters
to politicians at local, state or federal levels demanding comprehensive mitigation and
adaptation measures or identifying further possibilities to take action on the climate crisis.
The challenges aim at strengthening students’ self-efficacy and agency. They are announced
directly before the live sessions on the YouTube channel and are published on the PCS
website. Participating teachers and students decide autonomously whether and how to
participate in the challenges. Reporting of activities to the implementation team is at the
discretion of teachers.

(3) Workshops: Workshops are interactive and focus on specific topics such as food
waste, climate justice, climate-induced migration or creative writing in light of the climate
crisis. The workshops are delivered online or on site at schools by cooperation partners
such as other educational institutions. The implementation team discusses the workshops
with the organisers in advance but is not involved in content development or delivery.

(4) Peer exchange sessions: Peer exchange sessions include presentations of good
practice examples and provide opportunities for participants to share their own experiences
and projects with each other and to network. Peer exchange sessions are facilitated by
members of the implementation team.

Teachers and school principals interested in participating in the PCS receive detailed
information about the aims and procedures of the PCS during online events run by the
implementation team prior to the start of the PCS.

https://publicclimateschool.de
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2.6. Social Identity Model of Pro-Environmental Action as Tentative Programme Theory

Previous work highlights the value of applying a programme theory a priori in the
development and evaluation of complex interventions [28]. While several concepts, such
as the principles of ESD, guided the development, content and delivery of the PCS, in the
absence of a previously established programme theory, we used the Social Identity Model
of Pro-Environmental Action (SIMPEA) [36] to guide the selection of outcomes for this pilot
study (Figure 2). While there are various other theoretical models in the field that could
explain climate action, including the theory of planned behaviour, the norm activation
theory and the comprehensive action determination model [37–39], we chose the SIMPEA
because, unlike the other models, it specifically intends to explain the complex interplay
of collective factors that influence the appraisal of environmental crises and thus climate
action, the main objective of the PCS.
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gramme theory of the Public Climate School. Arrows indicate proposed causal pathways between
components of the model. The “X” indicates the anticipated interaction between social identity-
based factors including identification with pro-environmental in-groups, efficacy beliefs and salient
pro-environmental values and norms.

According to the model, pro-environmental behaviour is a response to the climate
crisis aimed at attenuating human-induced climate change and its impacts. This response,
in turn, is a function of social identity-based predictors: the more strongly people identify
with a relevant pro-environmental in-group, the more efficacious they feel, and the more
salient respective pro-environmental values and norms within a group are, the higher the
likelihood of performing pro-environmental behaviours. Specifically, the model proposes
that the interaction of these variables affects both the appraisal of environmental crises that,
in turn, can trigger (collective) emotions that affect individuals’ efficacy beliefs, norms and
whether and how people identify with certain groups, as well as responses.
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This recursive model has recently been applied in the context of protests for climate
justice [40], and it has become a useful framework for explaining social and psychologi-
cal determinants of climate action (e.g., pro-environmental behaviour directed towards
reducing greenhouse gas emissions) [41]. Applying this model to the PCS would therefore
suggest effects on increased intentions to engage in climate action by, inter alia, (1) increas-
ing identification with civil society groups involved in climate action, (2) affecting emotions
related to the climate crisis and (3) improving individual and collective efficacy beliefs.

2.7. Allocation of School Classes to Intervention or Control Group

The unit of allocation was school classes. Due to logistical constraints, allocation to
the intervention and control group was performed locally by teachers. Teachers partici-
pating in the pilot study with two classes allocated the classes by tossing a coin. Teachers
participating in the pilot study with one class only allocated their class to the intervention
or control group without constraints.

2.8. Allocation Concealment and Blinding

Classes were allocated to intervention and control groups directly after recruitment
ensuring allocation concealment. Due to the nature of the intervention, it is not possible to
blind students, teachers, school principals or the implementation team to the intervention
status of a school class, but researchers analysing the data will be blinded.

2.9. Measures
2.9.1. Process Measures

We operationalised measures of study processes as follows:

• Participant recruitment and retention:

# Proportion of students in participating classes completing the baseline survey;
# Proportion of students in participating classes completing the follow-up survey;
# Proportion of students in participating classes completing both baseline and

follow-up surveys.

• Data collection:

# Proportions of students participating in the online and paper–pencil surveys;
# Problems during data collection.

• Data quality:

# Proportion of missing data for outcome and sociodemographic measures;
# Basic psychometric properties of scales used to assess programme effective-

ness (Table 1) including scale distributions, floor and ceiling effects and
internal consistency.
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Table 1. Primary and secondary outcomes.

Outcomes Source of Scales and Adaptations Response Options

Primary outcome

Intentions to reduce
one’s ecological
footprint

Adaptation of the pro-environmental behaviour scales of Ojala (2012) [42,43]
assessing intentions to reduce one’s ecological footprint during the upcoming
seven days (five items).

six-point Likert scale

Secondary outcomes

Intentions to enlarge
one’s ecological
handprint

Adaptation of the pro-environmental behaviour scales of Ojala (2012) [42,43]
assessing intentions to enlarge one’s ecological handprint during the
upcoming seven days (four items).

six-point Likert scale

Pro-environmental
behaviours

Adaptation of the pro-environmental behaviour scales of Ojala (2012) [42,43].
Based on Ojala’s (2012) [43] distinction between everyday behaviour and
communication with others we developed two new scales: one targeting
ecological footprint reduction behaviours (five items) and the other targeting
ecological handprint enlargement behaviours (four items). Behavioural options
were selected that were specifically related to climate protection and that may
have occurred with a certain probability in the last seven days. These items
were supplemented by two statements about protest and political behaviour in
the past 12 months.

six-point Likert scale

Climate change-related
emotions

A list of 19 emotions based on terms for emotional reactions from de Moor et al.
(2020) [14], Gagné and Krause (2021) [44] and Hickman et al. (2021) as well as
from two reviews of Pihkala (2020) [45,46]. Feelings with positive connotations
were added to the negative feelings surveyed in most studies of emotional
responses toward climate change to mitigate a negative emotional bias.

five-point Likert scale
(based on the Positive
and Negative Affect
Schedule (PANAS) [47].

Climate change-related
risk perception

Based on the risk perception instrument by van der Linden (2015) [48] with the
three areas probability, severity, and current extent of the consequences of global
warming (two items each) with one personal and one collective reference point
each. Items on the extent of concern were excluded to avoid redundancy
(see below).

five-point Likert scale

Climate change-related
concerns

Based on the measure of Schultz (2001) [49] used by Helm et al. (2018) [50]
with the three dimensions egoistic, altruistic and biospheric concerns. For the
egoistic and biospheric dimension, we selected one item each from the original
scale, and for the altruistic dimension, we selected two items to distinguish
between closer and more distant people.In addition, we survey the tendency to
deny the climate crisis with four items based on Ojala’s (2012) [43] coping scale
de-emphasising the seriousness of climate change.

six-point Likert scale

Climate change-related
efficacy expectation

Following the work of Ojala (2013) [51], Hamann and Reese (2020) [52],
Gardner and Neuber (2021) [53] and van Zomeren (2013) [54], we created one
scale each for self-efficacy expectations (four items) and collective efficacy
expectations (three items) related to action directed at the climate crisis.
Following Hamann and Reese (2020) [52], we considered both scales to
distinguish between private and public efficacy.

six-point Likert scale

Climate change-related
values and norms

Two scales consisting of four items each to measure altruistic values and
biospheric values [43]. A scale to assess perceived environmental norms was
developed based on the biospheric values scale (four items) of Ojala (2012) [42].
Classmates were chosen as a reference group for the perceived norms.Three items
on (post-)materialistic values [55] were used to cover the political dimension.

six-point Likert scale

Identification with
civil engagement
groups involved in
climate action

We used the scale of Bamberg et al. (2015) [56] adapted by Wallis and Loy
(2021) [40] to measure in-group identification with civil engagement groups
involved in climate action (three items).

six-point Likert scale

Climate change-related
knowledge

In the absence of previously validated scales, we developed a set of items on
self-assessed climate change-related knowledge including environmentally
sound products, climate change and possible actions for climate protection
(three items).

six-point Likert scale
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2.9.2. Outcome Measures

Our selection of the primary and second outcomes was guided by the SIMPEA model
(Table 1) [36]. Given that validated scales for assessing most outcomes were not available
in German, we relied on items translated and adapted from international studies. When
suitable items were not available, new items were created by the study team. The student
survey is provided in a supplementary online appendix.

2.9.3. Sociodemographic Measures

Sociodemographic data were assessed at baseline and included age, gender, parental
educational attainment, municipal size and subjective social status using the German
version of the MacArthur Scale [57].

2.10. Data Collection

Data were collected in both intervention and control classes one week before and
one week after the PCS (Figure 1). Students accessed and completed an online survey
(Unipark Version 21.2, QuestBack GmbH, Oslo, Norway) at both time points via a link/QR
code provided in the invitation leaflet, using their private devices during school hours.
A paper-and-pencil version with the same content was also offered. To minimise loss to
follow-up, we sent two reminders to encourage participation. Teachers were invited to
complete a teacher protocol sheet assessing the number of eligible students and problems
during the evaluation process.

2.11. Sample Size Considerations

Recent methodological evidence suggests that feasibly sized pilot studies for cluster
randomised trials typically lack precision in reliably estimating recruitment and retention
rates and estimates of sample sizes are biased downwards [58]. Sample size considerations
for the pilot study were thus geared towards requirements for investigating data collection
and data quality for which no formal statistical guidance exists. We therefore pragmatically
aimed to recruit 15 school classes with 10–15 students each, yielding a total sample of
150–225 consenting participants.

2.12. Analysis

To assess participant retention, we will examine differences between the retained sub-
sample (data provided on both assessments) and the subsample lost to follow-up regarding
baseline values of sociodemographic and outcome measures using a dichotomous retention
variable and logistic regression models. Proportions of students participating in the online
and paper–pencil survey modes will be analysed descriptively. Problems during data
collection will be abstracted from reports submitted by teachers and structured thematically
to improve the implementation of the future effectiveness and process evaluation.

To uncover missingness patterns [59], missing data will be assessed across different
variables. To detect potential missingness mechanisms, we will investigate associations
between dichotomous variables identifying respondents with missing data and sociode-
mographic measures using logistic regression models. Cronbach’s alpha will be used to
investigate internal consistency of scales. After computing mean scores, scale distributions
as well as floor and ceiling effects will be analysed descriptively.

In a randomisation check, we will examine the balance of outcomes and sociodemo-
graphic measures in the baseline data between the intervention and control arm. The
continuous primary outcome (intentions of students to reduce their ecological footprint)
will be compared between the intervention and control arm with an intention-to-treat
analysis using a linear mixed model containing a dichotomous intervention group variable
and a random effect for school classes to account for the nested data structure [60]. Sec-
ondary outcomes will be compared between the two study arms using analogous linear
mixed models.
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2.13. Reporting, Ethics and Study Registration

The reporting in this study protocol is based on the SPIRIT 2013 guideline for reporting
protocols of intervention trials [61], the CONSORT extension for randomised pilot and
feasibility trials [62] and guidance for the reporting of protocols of pilot and feasibility
studies [63].

The study was approved by the Ethics Review Board of Freie Universität Berlin
(036/2021) and school authorities of federal states in which classes participated in the
pilot study. Written informed consent was obtained from students and their parents.
Participation was voluntary, and no financial incentives were offered to either students
or their teachers. The study was prospectively registered in the German Clinical Trials
Register on 18 November 2021 (registration number: DRKS00027021).

3. Discussion

The proposed study will add to the scarce literature investigating school-based pro-
grammes to promote climate awareness and action among adolescents. Given that almost
all adolescents aged under 16 years and approximately 87% of adolescents aged 16 to 19
attend schools on a regular basis in Germany [64], the PCS has the potential to reach a
substantial share of adolescents. By involving broad groups of adolescents in the PCS,
we anticipate that the school-based programme will contribute to extending proactive
participation in climate change efforts beyond adolescents from higher socioeconomic back-
grounds reported to be traditionally involved in climate action to a larger extent [65,66].
The PCS thus has the potential to contribute meaningfully to national climate mitigation
and adaptation efforts if proven effective and rolled out more broadly.

In contrast to prior programme evaluations that often rushed into large-scale effective-
ness studies, we will follow recent guidance on the development and evaluation of complex
interventions and conduct a comprehensive feasibility study focusing on important un-
certainties of the evaluation design [28]. The pilot study will thus lay solid groundwork
for a comprehensive effectiveness and process evaluation including the investigation of
implementation, mechanisms linking the PCS to its intended outcomes and contextual
factors moderating implementation and intervention effectiveness. The primary objectives
of the pilot study are to investigate participant recruitment and retention, data collection
and data quality. The uptake of the online and paper–pencil survey modes will guide the
selection of survey modes for the full-scale evaluation, while considering the trade-off
between providing students low-threshold opportunities to participate in the study and
minimising the burden for schools associated with administering multiple survey modes.
The assessment of missing data will uncover potential to improve structure and content
of the student surveys. The investigation of basic psychometric properties of the primary
and secondary endpoints such as scale distributions and floor or ceiling effects will identify
items and scales with poor psychometric performance and will provide opportunities to
improve items and scales prior to the large-scale effectiveness evaluation.

As a secondary objective, we will obtain initial parameter estimates for the primary
endpoint of the PCS along with recruitment and retention rates to better guide sample size
estimation for the planned effectiveness study. As estimates of sample size based on feasibly
sized pilot studies for cluster-randomised studies tend to be biased downwards [58], we
will combine results of the pilot study with external evidence including published lists of
intra-class correlation coefficients (ICC) and general considerations on patterns of ICCs,
to guide estimates for sample size and recruitment and retention rates for the main trial,
as suggested in the literature [67]. Preliminary estimates of parameters and ICCs from
the pilot study may themselves feed into sample size estimations of similar school-based
programmes in Germany and internationally.

In summary, the proposed pilot study will provide a solid groundwork for a large-
scale cluster-randomised effectiveness and process evaluation of the PCS. The pilot study
therefore will better position future efforts to develop best-practice models for promoting
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climate awareness and action in adolescents and comparable educational programmes in
other grades, school types or countries.

Limitations

We acknowledge several limitations of the pilot study. First, due to logistical con-
straints, the allocation of classes to the intervention and control groups was carried out
decentrally by teachers. While this might influence parameter estimates by affecting
baseline balance between the study arms, we do not anticipate negative impacts on the
other study objectives that are not contingent on unbiased effect estimates. For the ef-
fectiveness study, a blinded trial statistician will carry out the randomisation of classes
to study arms using state-of-the-art techniques [68]. Second, the study is constrained by
a short follow-up period of one month. While this follow-up is suitable for observing
changes in pro-environmental intentions, it is presumably too short to observe changes in
some secondary endpoints, including climate change-related self-efficacy or values and
norms [69]. To examine both short- and medium-term effects of the PCS, we aim to conduct
two follow-up surveys after 1 and 12 weeks in the future effectiveness study.

Third, the pilot study takes place amidst the COVID-19 pandemic, potentially affecting
response rates due to, inter alia, non-attendance of students following mandatory quaran-
tine measures or COVID-19 infections, thus limiting the generalisability of our findings.
However, we anticipate that more students will attend schools during non-pandemic times,
therefore rendering response rate estimations from the pilot study conservative. Forth,
we acknowledge that no formal programme theory has been developed a priori to guide
expectations how the PCS may be related to outcomes or interact with contextual factors.
For programmes primarily developed by practitioners, however, recent guidance on the
evaluation of complex interventions suggests that programme theory in these cases is
often developed in parallel with the evaluation cycle [28]. We therefore plan to explore the
applicability of the SIMPEA as programme theory for the PCS in a formative qualitative
study comprising semi-structured interviews with students, teachers, school principals
and members of the implementation team followed by transdisciplinary workshops. If
suggested by interview and workshop results, we will develop the programme theory
further by, inter alia, proposing outcomes not currently considered in the SIMPEA [36],
mechanisms linking the PCS to outcomes and contextual factors at the level of students,
teachers and schools that hinder or promote PCS implementation and potentially moderate
intervention effectiveness. However, given the strong alignment of the SIMPEA with the
objectives of the PCS, we anticipate that relatively minor adaptations to the original model
will be necessary. Last, we acknowledge that different approaches may have been used
at several points in designing this study. Given that the current understanding of issues
explored in this study is limited and that our goal was to lay the groundwork for future
work, we focused on foundational, yet methodologically important operationalisations of
study processes, such as the proportion of students completing both baseline and follow-up
surveys, providing a measure of participant retention, and the proportion of missing data
and basic psychometric properties of scales, highlighting potential problems with data qual-
ity as well as floor and ceiling effects, respectively. We consider this pilot study as a learning
opportunity for gauging the feasibility and potential implications of several methodological
decisions made at this stage, potentially guiding the design and implementation of related
research projects in Germany and internationally.
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