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Abstract:

Education is key to addressing the climate crisis and Inquiry-Based Learning is a promising approach. There-
fore, qualitative changes in selected constructs related to the teaching and learning of pre-service geography
teachers at the University of Augsburg who participated in a seminar intervention with this focus were inves-
tigated. This explorative case study uses interviews, a group discussion, and written reflections. Main findings
include an increased attribution to importance of IBL, the added value of characteristicimplementation princi-
ples as well as an enhancement in students' epistemological beliefs and dispositions to act.
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Bildung ist ein Schllsselfaktor zur Bewaltigung der Klimakrise und forschendes Lernen ist ein vielversprechen-
der Ansatz. Daher wurden qualitative Veranderungen ausgewahlter Konstrukte des Lehrens und Lernens von
angehenden Geographielehrkraften an der Universitat Augsburg untersucht, die an einer Seminarintervention
mit diesem Schwerpunkt teilnahmen. Diese explorative Fallstudie basiert auf Interviews, einer Gruppendiskus-
sion und schriftlichen Reflexionen. Zu den Hauptergebnissen gehdren eine erhéhte Bedeutungszuschreibung
von IBL, der Mehrwert charakteristischer Umsetzungsprinzipien, sowie eine Heraufsetzung epistemologischer
Uberzeugungen und Handlungsdispositionen.

Stichworter: Forschendes Lernen, Klimawandelbildung, Handlungsdispositionen, Lehrerbildung
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1. Introduction

In the Anthropocene, a human-domi-
nated era, the world is increasingly charac-
terised by volatility, uncertainty, complex-
ity and ambiguity (Crutzen, 2002; Mack &
Khare, 2016). This is accompanied by mul-
tiple challenges, such as the overshooting
of planetary boundaries. This threatens
the ability of various earth systems to re-
generate and, in turn, increasingly limiting
the safe space for human activity on the
planet (Richardson et al., 2023; Steffen,
Richardson, et al., 2015). Thus, the need for
education that equips young people, our
future decision-makers, to navigate these
characteristics of the 21st century is grow-
ing (Bohunovsky & Keller, 2023; Waller et
al, 2019).

In current conversations about the
trajectories of future education, the im-
portance of adequate teacher training is
emerging as a central focus (Darling-Ham-
mond, 2023; Li et al,, 2019; Olsen et al.,
2020). First, teachers have a profound im-
pact on the education of students, and
second, there is a multiplier effect of edu-
cators on society, which extends through
generations of students within teach-
ers' careers (Hattie, 2023; Heafner, 2016).
High-quality teacher training is therefore a
legitimate and reasonable claim.

Likewise, there is general agreement
about central topics within geography
education that tackle the aforementioned
21st century challenges, with climate
change being one of the most prominent
(Leal Filho & Hemstock, 2019). This crisis
is widely discussed in society and calls for
education that cultivates climate literacy
(Alkaher, 2020; Azevedo & Marques, 2017).
A particularly promising strategy to teach
climate change is Inquiry-Based Learn-
ing (IBL) (Brumann & Ohl, 2019; Keller et
al.,, 2019). The literature shows that it has

the potential to address some of the most
common challenges in Climate Change
Education (CCE) (Bush et al., 2017; Namdar,
2018). These comprise, for example, a high
complexity (both normative and factual)
of the topic, persistent alternative con-
ceptions and a perceived psychological
distance (Brumann et al., 2022). Paradox-
ically, while the benefits of this approach
are widely recognised, its implementation
remains limited in schools (Brumann et al.,
2022; Brumann et al., 2019). This is com-
pounded by the circumstances that future
teachers often have little scientific training
and limited familiarity with the core prin-
ciples of IBL (Competente, 2019). However,
a study by Chichekian and Shore (2016)
demonstrated that educators who had pri-
or exposure to inquiry-based experiences
during their education or had engaged in
genuine research were more inclined to
implement the approach.

The main goal of this exploratory study
is to record the experiences of students
participating in a seminar intervention
and to evaluate the implications. To as-
sess the potential of IBL in the context of
CCE, three sets of data from a seminar with
pre-service geography teachers special-
ising in secondary geography education
were analysed: a group discussion, inter-
views and written student reflections on
the seminar.

This paper first addresses theoretical
considerations and the state of the re-
search, followed by the aim and research
questions of the study. A brief description
of the seminar concept, the methodology
of the study and the results are then pre-
sented. Finally, limitations, positionality,
and results are discussed.

2. Theoretical Background
and State of Research

The current era of Great Acceleration, in
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which humans are increasingly influenc-
ing natural systems and the scope for ac-
tion is dwindling, highlights the need for
a democratically initiated socio-ecological
transformation (Seitz, 2015; Steffen et al,,
2015). The anticipated safe and just corri-
dor for human action can be interpreted
as a broad normative framework for edu-
cational practices in which social founda-
tions are to be protected and planetary
boundaries that must not be exceeded
(Dearing et al.,, 2014; Raworth, 2020).

Education occupies a key position
when preparing societies for the chal-
lenges and changes of the 21st century
(Deisenrieder et al., 2020). In 2011, the
WBGU (German Advisory Council on Glob-
al Change) called for education to make a
decisive contribution to transformation,
and furthermore, Kopatz (2019) states that
education is the breeding ground for a
successful transformation. Nevertheless,
the conventional education system (in
German-speaking countries), which is an-
chored in capitalist and economic-liberal
structures, reproduces inequality and re-
mains comparatively unchanged in con-
tent, goals, concepts, and basic systemat-
ic structures (Benz, 2014; Bohunovsky &
Keller, 2023; Keller, 2020). Approaches that
are currently discussed as contributors to
change within educational systems will
therefore be briefly presented in the fol-
lowing section.

2.1
(CCE)

Climate change is a multifaceted
sub-crisis of the multiple crises and will be
addressed as such here (Brand & Wissen,
2017). Geography, with its integrative lens,
is the central subject for CCE in Germany
as it focuses on the natural and social in-
terdependencies of the topic (Hoffmann,
2023).

Climate Change Education
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CCE as an overarching approach, with
distinctive goals, can help to plan and im-
plement adaptations with respect to cur-
rent and future impacts of climate change
through educational measures (Fernandez
at al, 2014). More specifically, CCE aims
to raise awareness of the causes, con-
sequences and management of climate
change, which is why learning takes place
in the face of risk, ambiguity, uncertainty
and rapid change (Rousell & Cutter-Mac-
kenzie-Knowles, 2020; Stevenson et al.,
2017). Enhancing critical and creative
thinking, a basic understanding of climate
science, skills in accessing, using, and com-
municating information, and a positive at-
titude towards contributing to solutions
play a central role in this approach, if the
goal is to enhance climate literacy (Azeve-
do & Marques, 2017; Nepras et al., 2022).

Anderson (2012) states in this context
that educational interventions are most
successful when they focus on local, tan-
gible, and actionable aspects of climate
change, which is why the learning envi-
ronment - namely schools - should be tar-
geted and made climate resilient (for more
detailed discussion of effective CCE strate-
gies, see Monroe et al., 2019). Since educa-
tors have a profound impact on the learn-
ing processes of students (Blazar & Kraft,
2017; Hattie, 2023; Titsworth et al., 2015),
it makes sense that geography educators
play a central role in shaping young peo-
ple into citizens capable of understanding
and making informed decisions about the
global climate crisis (Hestness et al., 2014).

So far, though, participatory, interdis-
ciplinary, creative and affect-driven ap-
proaches to CCE are rare (Rousell & Cut-
ter-Mackenzie-Knowles, 2020). Also, the
important area of climate action, where
learners develop specific knowledge, skills
and attitudes to deal with climate change
on a systematic and individual level, has
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not yet been addressed sufficiently (An-
derson, 2012; Bohunovsky & Keller, 2023;
Kranz et al., 2022; Stevenson et al., 2017).
A possible explanation for that might be
the factual and ethical complexity of the
topic, which leads to possible pitfalls like
the responsabilisation or indoctrination
of individual students, which is rejected in
an educational setting (Hanke et al., 2023;
Meyer et al., 2018; Ohl, 2013). Also, there
is still a broader discussion about finding
definitions of what appropriate climate
action is and what goals shall be achieved
specifically by education (Franco et al.,
2020).

This area of climate action has predom-
inantly been under investigation in the re-
search field of psychology (Bliesner-Steck-
mann, 2017). Here, different models of
action can be devised to identify disposi-
tions to climate action, which range from
emotions over knowledge all the way to
societal factors (for more detailed infor-
mation on this see Hamann et al,, 2016;
Kollmuss & Agyeman, 2002; Montafio &
Kasprzyk, 2008; Rost et al., 2001). Other
challenges for CCE include the psycholog-
ical distance from climate change, uncer-
tainty, disinformation, common miscon-
ceptions and a lack of understanding of
scientific knowledge production around
the issue (Chiari et al., 2016; Hanke et al.,
2022; Hottecke & Allchin, 2020; Renn,
2018).

Altogether, CCE encompasses a range
of approaches that share common goals
of raising awareness, climate literacy and
action around the climate crisis. Howev-
er, they are not easily achieved due to the
inherent challenges of the topic (Chang,
2023; Neuer & Nothen, 2023).

2.2 Inquiry-Based Learning (IBL)

A promising approach to deal with the

aforementioned challenges is IBL (Bush et
al., 2017). IBL “refers to educational work-
forms, which serve the search for[, pre-
senting] and finding of knowledge that
is new (at least) to the learner, and which
happen analogous to the characteristics of
scientific knowledge production regard-
ing attitude, methods, and systematic pro-
ceeding” (Brumann et al., 2022, p. 3). Its or-
igins lie in a social-constructivist approach
that is student-centred and has similarities
with experiential and project-based for-
mats (Chu et al., 2017; Tan & Seow, 2022).

A central goal of this approach is the
development of a mindset characteristic
of a researcher and of scientific literacy
(see Wessels et al. 2019).

As an experiential and project-based
format, IBL shows several potentials with
regard to CCE: Keller et al. (2019) for exam-
ple found that the impact of CCE in edu-
cational settings is higher when students
conduct their own research. The IBL ap-
proach helps students to personally expe-
rience the causes and impacts of climate
change, via research-related processes, in
their immediate surroundings (Brumann
& Ohl, 2019). Overall, it represents an in-
novative teaching strategy that promotes
learner-centred knowledge construction
and thus the potential for greater under-
standing and integration of content (Low-
er-Hoppe et al.,, 2021).

There is a spectrum of close-to-sci-
ence IBL formats to more toned down
and highly didact formats, which leads to
a variation of epistemic activity, duration,
self-directedness, content, methodolog-
ical repertoire, science orientation, and
quality of findings (Brumann & Ohl, 2019).
Pedaste et al. (2015) present a synthesized
framework that suggests that concrete
implementations should be oriented to-
wards an authentic research cycle (more
on design principles to conceptualize con-
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crete IBL approaches to climate change
see Brumann et al., 2022).

2.3  Role of the teacher in imple-
menting IBL in CCE

Teachers play a central role in success-
fully implementing IBL (Rehorek, 2004).
Nevertheless, teachers often do not feel
adequately prepared to implement this
approach, as they lack adequate training
in this regard (Boon, 2016). They also ex-
press concerns about their students' com-
petencies and their own working context
when it comes to implementing IBL (Zur &
Tal, 2021). Furthermore, the approach de-
mands a shift of the teacher role from be-
ing a "sage on the stage” to a“guide on the
side” (King, 1993, p. 30) — a guide who is
also a co-learner and facilitator of inquiry
(Furtak et al. 2012). Additionally, Compe-
tente (2019) states that pre-service teach-
ers have limited foundational knowledge
about climate science and consequently
lack the necessary prerequisites to teach
climate change through IBL.

These are indicators why IBL approach-
es are not yet widely realised in school
contexts, which suggests a need for insti-
tutionalised efforts to teach the concept
in pre-service teacher education, especial-
ly in a climate change context (Brumann
et al, 2022). This implementation gap is
particularly pressing when considering
that genuine inquiry is conceptualised
as a transformative force for teacher de-
velopment, student learning, and school
change (Schulz, 2010).

3. Research Questions

The aim of the study is to record the
experiences of students participating in
the seminar Inquiry-Based Learning on
Geographical Topics in the Context of Cli-
mate Change. More specifically, the study
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will assess the subjective importance
of the approach as experienced by the
pre-service teachers, as well as the var-
ious opportunities and challenges of
the concept from their perspectives.
The overarching research question (RQ)
along with its subquestions are there-
fore:

RQ: What experiences can pre-ser-
vice geography teachers gain through
participation in an IBL seminar on cli-
mate change?

SQ1: What significance do pre-ser-
vice geography teachers attribute to IBL
in the context of climate change?

SQ2: What experiences can pre-ser-
vice geography teachers gain in a sem-
inar through the IBL approach in the
context of climate change that support
them in implementing the approach at
school?

SQ3:To what extent can a seminar, us-
ing the IBL approach on climate change,
contribute to differentiated perceptions
of climate science?

SQ4: To what extent can a semi-
nar using the IBL approach to climate
change, strengthen pre-service geogra-
phy teachers’ dispositions to act on cli-
mate change?

4, Research Methodology

The research was carried out at the
University of Augsburg in Bavaria, Ger-
many, between September 2022 and
October 2023. The research design in-
volved a seminar design, multiple data
collection strategies and the triangula-
tion of findings to ensure a comprehen-
sive understanding of the phenomenon
under investigation and the quality of
the findings (Carter et al., 2014). The
research process consisted of several
sequential steps, including the imple-
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mentation of the seminar, group discus-
sions, individual episodic semi-structured
interviews, and the evaluation of student
submissions. This exploratory qualitative
case study was designed to capture the
perspectives, experiences and challenges
of future teachers in depth and to allow
for emergent findings that could not be
derived from the current literature.

4.1 The Seminar Concept

A key finding of Leal Filho et al. (2021)
suggests that specific strengths and weak-
nesses should be considered in a curric-
ulum when implementing CCE and such
an examination by the author revealed
a lack of basic scientific literacy among
students which this study aims to fill. For
this reason, a seminar concept has been
developed which takes into account the
professional competence of teachers (cf.
Kunter et al.,, 2011 for further details). The
seminar Inquiry-Based Learning on Geo-
graphical Topics in the Context of Climate
Change is part of the didactic training
within the teacher training programme for
geography teachers in secondary schools
in Bavaria (Realschule and Gymnasium).
The seminar is aimed at students in higher
semesters pursuing a State Exam, which
presupposes a completed basic education
in geography and geography didactics. In
total, eleven students participated in the
seminar on a voluntary basis, all of whom
had German or English as a second sub-
ject of study. The students had previously
studied at the University of Augsburg for
between 4 and 15 semesters. The seminar
was carried out together with a second
lecturer from the chair of geography edu-
cation in one semester, between October
2022 and February 2023, with a total of 14
sessions. In these sessions, students were
part of an authentic research cycle and

were given the opportunity to reflect on
didactic implications for secondary educa-
tional settings.

The seminar concept was based on the
theory briefly outlined above and an exist-
ing concept for upper secondary schools
(Brumann et al., 2019), which was adapted
for teacher training. It aims to address the
importance of IBL in the context of climate
change, offer practical experiences that
support the application of IBL in schools,
promote differentiated perceptions of
climate science, and indirectly foster dis-
positions toward climate action through
meta-reflection. The dramaturgy of the
seminar consists of eight modules:

(1) In the first two sessions, students
were introduced to the basics of research
in general and the IBL approach in par-
ticular, taking into account previous study
experience. (2) Students then worked
through interactive learning modules that
explored the causes, consequences and
impacts of climate change at global and lo-
cal levels. Afterwards, they worked on and
presented interest-driven learning mod-
ules on different topics such as the knowl-
edge-action gap, climate change and the
city, climate change and soil and many
more. (3) This was followed by an introduc-
tion to geographical research methods in
the form of a gallery walk. Using brain-
storming and topic refinement methods,
the students developed interest-driven
topic areas for their own research and re-
vised them using peer review procedures.
The topics were then further narrowed
down and research questions were formu-
lated, evaluated, revised and presented.
Students developed a research method-
ology design and resubmitted it for peer
feedback. (4) Subsequently, in a separate
session, they reflected on the research
progress so far from the pupils’ point of
view, taking into account the didactic im-
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plications of such an approach and their
experiences so far. (5) Thereafter, several
weeks of fieldwork and data collection
were conducted (depending on the re-
search design, they conducted interviews,
took samples or measurements), with stu-
dents coming to the university for regular
sessions of reflection on research progress
and peer feedback evaluation. (6) Two ses-
sions of data analysis and interpretation
gave students the opportunity to present
their progress and ask questions. (7) The fi-
nal session was another didactic reflection
session in which students participated in
a group discussion guided by key ques-
tions. (8) Finally, the students wrote their
research reports and didactic reflections
and submitted them to the lecturers.

4.2 Data Collection

Initially, group discussion prompts
and interview questions were developed
deductively based on the research objec-
tives and literature in the field. To ensure
the validity, quality, and relevance of the
prompts, a consensual evaluation was
conducted in collaboration with the sec-
ond instructor, an expert in the field of CCE
through IBL. Feedback and refinements
were incorporated to improve the clarity
and effectiveness of the discussion and
interview tools. The template for student
submissions was also developed by mutu-
al agreement.

The first phase of data collection in-
volved a group discussion with eleven
pre-service geography teachers who had
attended the seminar. The discussion
lasted 87 minutes. The group discussion
format was chosen to encourage open
dialogue and the sharing of different per-
spectives on their experiences of IBL in the
context of CCE, while helping them recall
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and articulate experiences they might
overlook in a one-on-one setting (Bortz &
Doring, 2006; Nind, 2019). The discussion
was facilitated by the researcher and the
second lecturer.

Following the group discussion, six
individual semi-structured episodic inter-
views were conducted with pre-service
geography teachers (lasting between 30
and 50 minutes). This sequence was cho-
sen to avoid recall bias, while also helping
students to better structure and articu-
late their thoughts. Students were asked
to share their individual reflections with
a focus on lived experiences to avoid a
conformity bias. The episodic interviews
provided an opportunity to explore the
participants' personal experiences, per-
ceptions and reflections in relation to the
seminar in depth (Flick, 2011; Mueller,
2019). It also allowed for a reduction of the
social desirability bias in comparison to
the group discussion. The semi-structured
format allowed for flexibility in exploring
specific themes, while maintaining con-
sistency across interviews (Adams, 2015).
Both the audio of the group discussion
and individual interviews were recorded
and transcribed verbatim.

As an additional source of data, stu-
dent-written reflections were evaluated
(ranging from seven to nine pages). At this
stage, participants were asked to submit
reflections on their seminar experience
from a didactic point of view. These sub-
missions were analysed to gain insights
into how participants viewed the didactic
aspects of the seminar, the effectiveness of
IBL and its impact on learning. This format
was chosen because it allows students to
elaborate more deeply on their seminar
experience. They were asked to share their
concrete perspective on the seminar and
only their didactic analysis of these was
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part of their grade.

4.3 Data Analysis

Data from these three sets of instru-
ments were then analysed qualitatively
following the methodology proposed by
Kuckartz and Radiker (2022). This was cho-
sen in this explorative study to ensure an
inductive and flexible analysis, allowing
for data-driven category development
while still enabling deductive elements.
The transcripts served as the primary data
source for the qualitative analysis. They
were imported into MAXQDA 2020 (20.4.2)
for systematic coding. Initially, a deductive
code system was developed in line with
the pre-defined research objectives and
the literature. This code system provided
a structured framework for organising and
analysing the data. In addition to deduc-
tive coding, an inductive approach was
used to extend the code system based on
emergent themes and patterns identified
during the analysis (Azungah, 2018). The
data were analysed two times with the
second coding cycle being carried out in
MAXQDA 2022 (22.7.0). This iterative pro-
cess allowed for a more nuanced under-
standing of participants' experiences.

The same code system was then also
applied to the student submissions. The
coded data from both the group discus-
sion and individual interviews were inte-
grated to identify commonalities, varia-
tions, and overarching themes. The 377
coded segments served as the basis for
the subsequent integration and interpre-
tation of the qualitative data.

5. Results

This study sought to answer the re-
search question “What experiences can
pre-service geography teachers gain
through participation in an IBL seminar

on climate change?’, subdivided into four
distinct research questions, each address-
ing a different aspect of the educational
approach. The results will be presented
in the respective subchapters. All quotes
presented in this section are translations
of the original German-language data.

5.1 RQ1: Significance of In-
quiry-Based Learning in Climate Ch-
ange Education

The first research question explores the
importance that pre-service geography
teachers attach to IBL in the context of cli-
mate change.

Climate Change Communica-
tion: Enhanced Argumentation Skills,
Shift in Perspective, and Empathy

Improved perceived argumentation
skills emerged as an important outcome
of IBL. Many participants reported an im-
provement in their ability to construct
well-reasoned arguments and to com-
municate their views effectively to others.
For example, interviewee 5 said, "l talk to
friends or relatives or whatever or colleagues
about the experiences from the seminar and
that alone stimulates a discussion which,
in the best case, leads to me convincing the
others with my argumentation that it would
be quite clever to do something for" (ep. in-
terview 5, Pos. 69).

In addition, students reported a shift
in perspective. Engaging in research and
experiential learning encouraged them
to look at climate change through a more
critical and multifaceted lens, considering
its implications from different angles. The
seminar experience encouraged some
participants to consider the perspectives
of people from different backgrounds
and communities, fostering empathy and
a more nuanced understanding of differ-
ent viewpoints. This can be illustrated by
the following excerpt: "Often you think that
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people in your own study programme per-
ceive it [climate change] relatively similarly,
but in the end people who come from differ-
ent families with different backgrounds per-
ceive things quite differently” (ep. interview
1, Pos. 71). This experience challenged
their preconceptions and broadened their
awareness beyond their own academic so-
cial circle.

Interest and Knowledge: Intrin-
sic Motivation, Broadened Knowledge
Base, and Personalized Learning

The initial introductory phase of the
seminar and the reflection sessions in
which participants talked about their re-
spective projects led to a broadening of
their knowledge base according to a few
students. They gained a more intercon-
nected understanding of different aspects
of climate change, including its scientif-
ic basis and its social and environmental
impacts. Participant 6 mentioned, "that
climate change simply has an influence on
many areas. And sometimes we forget how
strong it is or how many areas it has an influ-
ence on" (ep. interview 6, Pos. 22). Howev-
er, some interviewees noted that this com-
prehensive understanding was pivotal but
that it overlapped with much of their pre-
vious academic experiences regarding the
climate crisis. More importantly, the sem-
inar experience deepened participants'
interest in the climate crisis, leading to
increased curiosity and engagement with
the topic, especially in their respective
areas of inquiry, as interviewee 3 stated:
"It perhaps meets the need to to engange
more deeply with the subject and to expand
one’s knowledge" (ep. interview 3, Pos. 24).
Intrinsic motivation emerged as a driv-
ing force in this context, as students took
ownership of their learning experience by
selecting, planning and carrying out their
research, giving them a sense of agency.

Many participants also highlighted the
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individualised nature of this specific IBL
approach, which allowed them to pursue
knowledge that resonated with their per-
sonal interests and values, making the ac-
quired knowledge personally meaningful.
This aspect was particularly noteworthy as
it not only contributed to knowledge re-
tention, but also sparked curiosity about
possible future avenues of study and ex-
ploration. The role of teachers as coach-
es, available for guidance throughout the
process, was highlighted as a crucial as-
pect in this regard.

Everyday Relevance: Making
Climate Change Tangible, Embracing
Errors, and Critical Media Literacy

IBL helped many students connect of-
ten abstract climate-related concepts with
real-world events, making the climate cri-
sis more tangible and understandable. Re-
search into climate phenomena and direct
experiences contributed to a deeper con-
nection with this global issue. Participant 3
noted, "It became more practical. Away from
this incredibly numrical theory, towards the
human relation" (ep. interview 3, Pos. 14).

Some interviewees also emphasised
the importance of recognising that not
reaching a final conclusion - whether
in research or in reflection on climate
change - is also a valid outcome and that
failure is inherent to inquiry. Respondent
4 mentioned for example that they made
mistakes during the research process and
learned from them, which is consistent
with the concept of embracing mistakes
as a means of learning (ep. interview 4,
Pos. 38). Furthermore, few participants
became more critical consumers of media
coverage of climate change, evaluating
news and information through a more
informed and reflexive lens as highlight-
ed in the following: "It's really a bit more of
directing the focus of your perspective when
you're reading the news or something” (ep.
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interview 5, Pos. 48).

5.2 RQ2: Experiences Acquired
through Inquiry-Based Learning du-
ring the Seminar

This study aimed to uncover the expe-
riences concerning characteristic imple-
mentation principles gained by pre-ser-
vice teachers through IBL and how these
experiences supported their ability to
realise this approach in future classroom
settings.

Supportive Learning Environ-
ment: Student-Centered Approach with
Autonomy and Self-Directed Learning

Many participants valued the collabora-
tive nature of the learning process, where
they could work with their peers and seek
guidance from lecturers when needed. It
fostered a trusting and collaborative at-
mosphere in which students felt a sense of
equality with their teachers. Participants
acknowledged that the traditional role of
the teacher as the sole provider of knowl-
edge was shifting to that of a facilitator in
the learning process. Respondent 2 stated
in this context: "In our case, | found it very
pleasant to think about it together and since
you were always very supportive" (ep. inter-
view 2, Pos. 22). This shift was seen as nec-
essary for the effective implementation of
IBL, which places students at the centre of
their learning journey.

The reduced hierarchy within the small
groups facilitated an environment condu-
cive to IBL, in which students are actively
engaged in the learning process and take
on more autonomous roles. Participants
valued the autonomy they were given and
the opportunity to explore topics inde-
pendently: "So we did a lot on our own and
that was also the great opportunity and help
to first do this from the pupils’ point of view"
(group discussion, Pos. 24).

10

Characteristics of Research:
Peer-Feedback, Dealing with Complex-
ity, Uncertainty, and Ambiguity, and
the Challenge of Formulating Research
Questions

Open teaching methods, reflection and
peer feedback sessions played a central
role in shaping the learning experiences
of the participants. The dialogue and ex-
change of ideas that took place during
the reflection and peer-feedback sessions
were instrumental in challenging precon-
ceived notions and encouraging collab-
oration and perspective shifts, which are
core features of any research process. Re-
spondent 1 mentioned for example: "Re-
flection sessions, like the last one we had, or
again in between, where we also gave peer
feedback. These would be moments where
we could perhaps initiate a change of per-
spective in an open exchange with the peers"
(ep. interview 1, Pos. 71).

Another aspect of the findings is the
development of skills and attitudes relat-
ed to dealing with complexity, uncertainty
and ambiguity. As interviewee 1 pointed
out, engaging in interest-based independ-
ent work and learning can lead to a deeper
understanding of the subject matter and
trigger a transformative experience (ep.
interview 1, Pos. 13, 64). Through IBL, the
pre-service geography teachers learned
to navigate the complexities of climate
change and to accept uncertainty as an in-
herent part of scientific inquiry.

It is important to note, however, that
the seminar also presented challenges,
particularly in the formulation of research
questions. Participants recognised the
need to refine this skill for their future
teaching careers when helping their stu-
dents to formulate their own research
questions, as the following quote illus-
trates: "Finding the question and that was
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definitely a thing that was a difficulty and
that definitely stuck” (ep. interview 5, Pos.
10).
Overall Valuable Experience

After experiencing a research cycle and
reflecting on it from a didactic perspective,
the participants recognised the potential
for transferring their IBL experiences to
their future teaching careers and beyond
as the following quote from Submission
3 illustrates: "Transfer processes of what is
experienced and learned from the research
process into other areas of life are possible"
(reflection 3, Pos. 26). They emphasised
the importance of adapting this approach
to different levels of learning within a
classroom. Transferring the knowledge
and skills acquired during the seminar to
other aspects of their teaching practice
was seen as both feasible and valuable.

5.3 RQ3: Perceptions of Climate
Science

The third research question aims to in-
vestigate the differentiation of pre-service
geography teachers' perceptions of cli-
mate science. Initially, some participants
believed that climate science was primar-
ily driven by quantitative data. However,
the seminar challenged this notion, as ev-
idenced by one participant's observation:
"That's what | expect from climate research
in particular, that it's actually very precisely
data-based [means quantitative] and rel-
atively little empirical-based [means quali-
tative]" (ep. interview 1, Pos. 21). This shift
in perception demonstrates the seminar's
role in broadening their views on the na-
ture of climate science.

Understanding the Research
Process: Research Cycles, Access to
Data, Awareness of Biases, and Limits
of Science

The seminar played a pivotal role in
enhancing participants' understanding of
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the research process. They acknowledged
an enhanced transparency of how scientif-
ic processes and research cycles work and
how researchers approach a topic of inter-
est. The seminar also contributed to some
participants' understanding of the accessi-
bility of climate research. Initially, they had
limited awareness about their access to
data sources and research materials. Par-
ticipant 2 emphasized the change, stating,
"I think we saw that we have access to more
data than we actually think" (reflection 2,
Pos. 17). They not only became acquainted
with data collection methods and analysis
techniques but also learned about the iter-
ative nature of research. They recognized
that research often involves continuous re-
vision and refinement, and that each find-
ing can lead to further questions and in-
vestigations. This perspective on research
processes was exemplified by interviewee
2: "With regard to the subjectivity of such
research, | think | have already come to the
point where | have really noticed, especially
with interviews or questionnaires and so on,
how subjective the whole thing is and how
much the researcher also has it in his hands
to evaluate it" (ep. interview 2, Pos. 57).

During the seminar, participants gained
insights into the potential biases inherent
in scientific research. They came to realize
that science is not immune to subjectivi-
ty or external influences. This awareness
can contribute to a more nuanced under-
standing of scientific knowledge, as illus-
trated by Participant 6: "So this knowledge
of what actually lies behind it has become
much better, much more differentiated” (ep.
interview 6, Pos. 18).

Approachability of Climate Sci-
ence: Bridging Theoretical and Practical
Knowledge, Self-Efficacy and Percep-
tion of Researchers

Many participants also acknowledged
the seminar's role in bridging the gap be-
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tween theoretical knowledge and prac-
tical research skills. While they had prior
exposure to theoretical aspects in their
academic studies, practical research re-
mained largely uncharted territory. Partic-
ipant 4 expressed this transformation: "So
especially when | thought of research before,
it was so unattainable to tackle it myself and
| think it did make it more approachable"
(ep. interview 4, Pos. 14).

Additionally, the seminar had a positive
impact on participants' perceived self-ef-
ficacy regarding their ability to engage
with climate change research. This boost
in self-confidence, coupled with the de-
velopment of group-efficacy, served as a
crucial foundation for effective collabora-
tive IBL.

Furthermore, the seminar led to shifts
in participants' perceptions of researchers.
They transitioned from viewing research-
ers as infallible experts to understanding
them as individuals who grapple with un-
certainties and limitations in their work.
Participant 6 captured this transformation:
"So, this big construct of science that you
always thought was only done by Master's
students or prospective professors or some-
thing. It's such a big distant thing that it's be-
come very close" (ep. interview 6, Pos. 60).

5.4 RQ4: Strengthening Disposi-
tions to Act in the Context of Climate
Change

The study set out to examine the ex-
tent to which a seminar, utilizing the IBL
approach on climate change, could con-
tribute to strengthening the dispositions
of pre-service geography teachers to act
in the context of climate change.

Knowledge-Action Gap: Con-
fidence Dealing with Climate Change,
Structural Responsibility

Deep engagement with the seminar
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content led to personal change for some
participants. They began to question their
own behaviour and some considered ways
to make more environmentally responsi-
ble choices. Some participants reported
tangible changes in their daily lives as a re-
sult of their seminar experience. Examples
include changes in travel habits to reduce
carbon footprints or meat consumption
patterns, demonstrating that deep en-
gagement could potentially translate into
concrete action (ep. interview 1, Pos. 47;
ep. interview 6 Pos. 26).

However, the study also highlighted
the persistent gap between knowledge
and action. Despite their increased un-
derstanding of climate change, some par-
ticipants acknowledged a disconnect be-
tween what they know and what they do.
This knowledge-action gap extended be-
yond the individual level, raising questions
about society's collective responsibility to
bridge this gap. This can be illustrated by
the following excerpt by interviewee 5: "/
think you can see that there has been very
little change over a very long period of time
and that actually speaks more to the fact
thatyou have a small part in the whole thing
only” (ep. interview 5, Pos. 69).

This links to another finding, the shift in
participants' confidence in their perceived
ability to deal with climate change. Initial-
ly, many expressed optimism, but as they
engaged in IBL and delved deeper into
the complexity of the issue, their confi-
dence waned, as the following quote from
interview 4 shows: "The more | looked into
the subject and the more | was in contact
with people, | then rather thought | had fall-
en back into my pessimistic initial attitude"
(group discussion, Pos. 198). This aware-
ness also led to a recognition of structur-
al responsibility and the importance of
collective action in addressing climate
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change.

Closing the Gap: Multiplier Ef-
fect, Reduction in Psychological Dis-
tance, Emotional Engagement, Sense of
Responsibility

Many participants recognised the po-
tential for a multiplier effect. Their involve-
ment in the seminar had the potential
to create a ripple effect, amplifying the
impact of their own awareness. Some re-
ported that the research alone made them
feel like agents of change, as the following
illustrates: "So the examination of the topic
and theimplementation of the research may
already lead to consequences or new consid-
erations for some people. So now, as here,
for example, in the form of an interview. De-
pending on what questions are asked, this
may also trigger a reflection discussion in an
interview partner, which already leads to a
change" (ep. interview 2, Pos. 51).

They also emphasised the importance
of clear, fact-based communication and
the need to avoid moralising or preach-
ing. Effective communication, they recog-
nised, was key to conveying the urgency
and importance of climate issues to oth-
ers. Interviewee 2 for example said: "[That
one] rather manages to convince someone
on a factual level or at least to make it clear
to everyone how the situation is and so on,
and doesn't somehow start swinging the
moral authority there" (ep. interview 2, Pos.
47).

Engaging in research in their own re-
gion, IBL reduced the psychological dis-
tance participants felt towards climate
change. They began to see the issue as
more proximate, immediate and relevant
to their lives as illustrated in the following:
"So | think you get a much more concrete
connection to climate change, especially if
you haven't dealt with it so much before, and
accordingly | can very well imagine that it
also favours concrete action” (ep. interview

OpenSpaces 03|2025

6, Pos. 26). Some participants reported ex-
periencing a heightened emotional con-
nection to climate change as they delved
deeper into its complexities. This emotion-
al depth served as a powerful motivator,
generating a sense of concern and urgen-
cy. This change often led to a heightened
sense of responsibility, although some
participants already perceived a height-
ened sense of responsibility due to previ-
ous academic courses.

6. Discussion

This chapter first discusses the find-
ings presented in previous chapters, then
draws on the limitations of the study while
outlining further inquiry and finally ac-
knowledges the positionality of the au-
thor.

6.1  Discussion of Findings

The findings from RQ1 emphasise the
impact of IBL on pre-service geography
teachers. They underline the importance
of IBL not only as a pedagogical approach
but also as a transformative educational
experience aligning with previous findings
(Schulz, 2010). The results indicate a devel-
opment of enhanced communication skills
about climate change, a broadened inter-
est and knowledge base, and increased
everyday relevance, which may lead to a
more realistic risk perception and certainty
concerning climate change (C. Shaw et al.,
2016). These outcomes are consistent with
some of the demands of CCE, which often
requires individuals to engage in complex,
evidence-based discussions and to have a
comprehensive understanding of the is-
sue (Akaygun & Adadan, 2021; Corner et
al., 2015; Stevenson et al., 2017). Further-
more, the reported changes in attitude are
essential for pre-service teachers to create
a classroom environment where students
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feel comfortable exploring complex topics
without fear of failure. However, it remains
debatable whether such an approach
leads to a lasting transformation or if the
impact is temporary, fading once partici-
pants re-enter more traditional education-
al settings. Additionally, the effectiveness
of IBL may be limited by institutional con-
straints, such as curriculum rigidity or as-
sessment-driven learning environments,
which do not always align with IBL meth-
ods (Brumann et al,, 2022).

RQ2 explored the experiences of the
pre-service geography teachers in the
seminar and their implications for future
teaching. By exposing students to differ-
ent perspectives and alternative teach-
ing approaches, the seminar encouraged
them to rethink their role as future educa-
tors. The benefits of a supportive learning
environment and a better understanding
of the characteristics of research, as the
data suggests, underline the potential of
IBL in teacher education. These experi-
ences are also consistent with the princi-
ples of IBL, emphasising the importance
of active student engagement, autono-
my and collaboration (Justice et al., 2009;
Mieg, 2019). Nevertheless, it could be
argued that close-to-science IBL can be
resource-intensive and difficult to imple-
ment effectively in larger and institution-
alized classroom settings. Furthermore,
the open-ended nature of IBL could lead
to unequal learning outcomes, as stu-
dents with different levels of prior knowl-
edge or motivation may benefit unequally
from such an approach (Kotulakova, 2021;
Kovéacova et al., 2024).

The impact of IBL on participants' per-
ceptions of climate science investigated in
RQ3 is promising. The shift from a quan-
titative, data-centred view to a broader
understanding of the research process is
particularly notable. There was a shift in
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their conception of climate science, giving
students a better understanding of the
research process and making climate sci-
ence more accessible, moving it beyond
an abstract concept. They not only devel-
oped a more nuanced researcher’s mind-
set but also developed crucial research
competencies that are in line with the lit-
erature (Wessels et al.,, 2019). The seminar
discussions and activities prompted them
for example to critically assess the role of
biases, both conscious and unconscious,
in shaping scientific findings. However, the
question arises whether such a construc-
tivist approach might inadvertently lead
to relativism, where scientific consensus
is seen as just one of many possible per-
spectives. Given the politically charged na-
ture of climate science, there is a risk that
an overemphasis on questioning research
processes could unintentionally lend
credibility to climate change denialism
or skepticism (Busch, 2021). All in all, the
findings suggest though that such an IBL
seminar enables participants to effectively
communicate the nuances of climate sci-
ence and engages students in meaningful
scientific inquiry, which is deemed impor-
tant for climate science education in the
21st century (Brooks, 2011; Howarth et al.,
2020).

RQ4 highlights the potential develop-
ment of participants' dispositions to act
on climate change. The perceived deep-
er understanding of climate change can
firstly lead to a more nuanced perspective
on the topic. The reported awareness of
the knowledge-action gap and structural
responsibility highlights the broader so-
cietal implications of CCE through IBL. By
recognising this gap, future educators can
play a key role in shaping the collective
response to climate change (Lamb et al.,
2020). The potential of IBL to bridge the
gap also emerged from the data through
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the multiplier effect, reducing the psy-
chological distance, fostering emotional
engagement, and cultivating a sense of re-
sponsibility. All of which are important fac-
tors to enable climate action as findings
from previous studies suggest (Hamann
et al,, 2016; Rockstrom et al., 2023). De-
spite these benefits, the extent to which
educational interventions can truly drive
climate action is debatable. While foster-
ing awareness and engagement is crucial,
systemic and structural barriers, such as
economic constraints and political inertia,
may ultimately limit the ability of individu-
als to enact meaningful change (Kollmuss
& Agyeman, 2002). Furthermore, emotion-
al engagement with climate issues can
sometimes lead to anxiety or feelings of
helplessness, potentially counteracting
the intended empowerment of IBL ap-
proaches (Pfautsch & Gray, 2017).

6.2 Limitations and further In-

quiry

The seminar can be regarded as a learn-
ing environment that fosters opportuni-
ties for developing multiple competences.
Consequently, not all students reported
the same outcomes, and the results should
be interpreted as indicative potentials of
close-to-science IBL in a university context.
The small sample size may have influenced
the outcomes and limits the generalizabil-
ity of findings to larger populations. There
may also be a selection bias due to the
seminar being part of an elective module,
potentially leading to participants who are
already interested in the topic. The results
are context-specific to this seminar and
may not be applicable to all pre-service
geography teachers or educators in differ-
ent disciplines or with other subject com-
binations beyond German and English.
Furthermore, it remains unclear whether
the perceived potentials will be translated
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into actual classroom practice. The analy-
sis was carried out by the author alone, i.e.
no consensual coding was carried out and
no inter-coder reliability was calculated.
Moreover, participants may have provid-
ed socially desirable responses rather than
fully authentic reflections. To mitigate this
bias, participants were informed that the
interviews and discussions were not part
of the course assessment, and the issue of
social desirability was explicitly addressed.
Nevertheless, it cannot be entirely ruled
out. In addition, the study does not allow
for definitive causal claims, as no control
group was included.

While this qualitative study provides
valuable insights into the impact of IBL
on pre-service geography teachers' per-
ceptions and experiences in the context
of CCE, there are several areas of potential
further inquiry. It would be beneficial to
conduct longitudinal studies to explore
the long-term impact of IBL on these
pre-service teachers. Comparative studies
could also be conducted to assess the ef-
fectiveness of IBL in CCE compared to tra-
ditional pedagogical approaches. Explor-
ing how the impact of IBL on CCE varies
across different cultural and educational
contexts would be valuable, given this
study only focused solely on the teacher
education in Augsburg, Bavaria, Germany.

6.3 Positionality

This section provides a reflexive ac-
count of the author's background and
positionality, in order to contextualise the
study, according to Kaufmann (2018). The
author benefits from a tuition-free educa-
tion, current financial stability, a previous
bachelor's degree and a state teaching
qualification. The author has relatively
easy access to disciplinary knowledge, fa-
cilitated by concurrent doctoral research
in CCE. Importantly, the participants in this
study were students enrolled in a course
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ed socially desirable responses rather
than fully authentic reflections. To miti-
gate this bias, participants were informed
that the interviews and discussions were
not part of the course assessment, and the
issue of social desirability was explicitly
addressed. Nevertheless, it cannot be en-
tirely ruled out. In addition, the study does
not allow for definitive causal claims, as no
control group was included.

While this qualitative study provides
valuable insights into the impact of IBL
on pre-service geography teachers' per-
ceptions and experiences in the context
of CCE, there are several areas of potential
further inquiry. It would be beneficial to
conduct longitudinal studies to explore
the long-term impact of IBL on these
pre-service teachers. Comparative studies
could also be conducted to assess the ef-
fectiveness of IBL in CCE compared to tra-
ditional pedagogical approaches. Explor-
ing how the impact of IBL on CCE varies
across different cultural and educational
contexts would be valuable, given this
study only focused solely on the teacher
education in Augsburg, Bavaria, Germany.

6.3  Positionality

This section provides a reflexive ac-
count of the author's background and
positionality, in order to contextualise the
study, according to Kaufmann (2018). The
author benefits from a tuition-free educa-
tion, current financial stability, a previous
bachelor's degree and a state teaching
qualification. The author has relatively
easy access to disciplinary knowledge, fa-
cilitated by concurrent doctoral research
in CCE. Importantly, the participants in this
study were students enrolled in a course
taught and assessed by the author in their
role as lecturer.

These circumstances resulted in an
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asymmetry of knowledge and authority
during group discussions and interviews,
potentially leading to power-related bi-
ases. These may encourage students to
align their perspectives with the instruc-
tor’s expectations, thereby limiting critical
engagement and reinforcing existing aca-
demic hierarchies. Furthermore, students
with greater confidence or prior knowl-
edge may dominate discussions, introduc-
ing participation bias and marginalising
less experienced voices.

7. Conclusion

The results of this study demonstrate
the potential impact of Inquiry-Based
Learning (IBL) in the context of Climate
Change Education (CCE). Pre-service ge-
ography teachers not only acquired val-
uable knowledge, but also developed
essential skills, attitudes, and dispositions
that can empower them to act on climate
change. This transformation may have
a trickle-down effect, influencing future
generations of students in the geogra-
phy classroom. The IBL seminar provided
a transformative learning space for future
educators to meaningfully engage with
CCE.The seminar followed a structured yet
flexible approach that combined knowl-
edge dissemination, interactive learning,
and iterative research development. Criti-
cal success factors included ongoing peer
feedback, reflective discussions on both re-
search progress and didactic implications,
and a strong emphasis on student-driven
inquiry. By integrating theory, practice,
and critical reflection, the seminar effec-
tively fostered a deeper understanding of
climate change and geographical research
methods, key components of a climate sci-
ence literacy (US Global Change Research
Program, 2009).

Accordingly, greater awareness of the
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potential of such approaches should be
raised among policymakers, curriculum
designers, and teacher educators to ex-
plore a deeper integration of CCE through
IBL, as this approach integrates many of
the demands needed in future education.
As an initial step, institutions should cre-
ate time and space for pre-service teach-
ers to engage in open, collaborative, and
research-oriented learning environments.
The alignment between theoretical knowl-
edge and practical research skills through
close-to-science IBL instruction should be
a key consideration in this context too.
Ultimately, the results of this study un-
derscore the importance of IBL in equip-
ping future educators to address the com-
plex challenges of the 21st century — both
in their own professional practice and by
inspiring their students to do the same.

8. Literature

Adams, W. C. (2015). Conducting Semi-Struc-
tured Interviews. In K. E. Newcomer, H. P. Ha-
try, &J.S.Wholey (Eds.), Handbook of Practi-
cal Program Evaluation (pp.492-505). Wiley.
https://doi.org/10.1002/9781119171386.
ch19

Akaygun, S., & Adadan, E. (2021). Fostering sen-
ior primary school students’ understand-
ing of climate change in an inquiry-based
learning environment. Education 3-13,
49(3), 330-343. https://doi.org/10.1080/03
004279.2020.1854961

Alkaher, 1. (2020). Climate Literacy and Envi-
ronmental Activism. In W. Leal Filho, A. M.
Azul, L. Brandli, P. G. Ozuyar, & T. Wall (Eds.),
Encyclopedia of the UN Sustainable Devel-
opment Goals. Climate Action (pp. 1-14).
Cham: Springer International Publishing.
https://doi.org/10.1007/978-3-319-71063-
1_139-1

Anderson, A. (2012). Climate Change Edu-
cation for Mitigation and Adaptation.
Journal of Education for Sustainable De-
velopment, 6(2), 191-206. https://doi.
org/10.1177/0973408212475199

Azevedo, J., & Marques, M. (2017). Climate liter-

OpenSpaces 03|2025

acy:asystematic review and model integra-
tion. International Journal of Global Warm-
ing, 12(3/4), 414. https://doi.org/10.1504/
1JGW.2017.084789

Azungah, T. (2018). Qualitative research: de-
ductive and inductive approaches to data
analysis. Qualitative Research Journal,
18(4), 383-400. https://doi.org/10.1108/
QRJ-D-18-00035

Benz, A. (2014). Education for development in
Northern Pakistan: Opportunities and con-
straints of schooling for rural households.
Karachi: Oxford Univ. Press.

Blazar, D., & Kraft, M. A. (2017). Teacher and
Teaching Effects on Students' Attitudes
and Behaviors. Educational Evaluation and
Policy Analysis, 39(1), 146-170. https://doi.
0rg/10.3102/0162373716670260

Bliesner-Steckmann, A. (2017). Handlungsthe-
oretisch fundierte Didaktik nachhaltiger Be-
rufsbildung: Die Kluft zwischen Wissen und
Handeln. Wiesbaden: Springer Fachmedien
Wiesbaden. https://doi.org/10.1007/978-3-
658-19741-4

Bohunovsky, L., & Keller, L. (2023). Kapitel 21.
Bildung und Wissenschaft fir ein klima-
freundliches Leben. In C. Gorg, V. Madner,
A. Muhar, A. Novy, A. Posch, K. W. Stei-
ninger, & E. Aigner (Eds.), APCC Special Re-
port: Strukturen fir ein klimafreundliches
Leben (pp. 567-589). Berlin, Heidelberg:
Springer Berlin Heidelberg. https://doi.
org/10.1007/978-3-662-66497-1_25

Boon, H. (2016). Pre-Service Teachers and Cli-
mate Change: A Stalemate? Australian
Journal of Teacher Education, 41(4), 39-63.

Bortz, J., & Doring, N. (2006). Forschungsme-
thoden und Evaluation. Berlin, Heidelberg:
Springer Berlin Heidelberg. https://doi.
org/10.1007/978-3-540-33306-7

Brand, U., & Wissen, M. (2017). Imperiale Le-
bensweise: Zur Ausbeutung von Mensch
und Natur im globalen Kapitalismus. Min-
chen: Oekom Verlag.

Brooks, D.(2011). Engaging students in authen-
tic climate research: Raising the bar for cli-
mate science education. Eos, Transactions
American Geophysical Union, 92(44), 388.
https://doi.org/10.1029/2011E0440005

Brumann, S., & Ohl, U. (2019). Forschendes Ler-
nen Im Geographieunterricht. In G. Ober-

17



Schulz

maier (Ed.), Bayreuther Kontaktstudium Ge-
ographie: Band 10. Vielfaltige Geographien
- fachliche und kulturelle Diversitdt im
Unterricht nutzbar machen (pp. 101-116).
Bayreuth: Verlag Naturwissenschaftliche
Gesellschaft Bayreuth e.V.

Brumann, S., Ohl, U., & Schackert, C. (2019).
Researching Climate Change in Their Own
Backyard-Inquiry-Based Learning as a
Promising Approach for Senior Class Stu-
dents // Climate Change and the Role of
Education. In W. Leal Filho & S. L. Hemstock
(Eds.), Climate Change and the Role of Edu-
cation (pp. 71-86). Cham: Springer Interna-
tional Publishing.

Brumann, S., Ohl, U., & Schulz, J. (2022). In-
quiry-Based Learning on Climate Change
in Upper Secondary Education: A De-
sign-Based Approach. Sustainability, 14(6),
3544. https://doi.org/10.3390/s5u14063544

Busch, K. C. (2021). Textbooks of doubt, test-
ed: the effect of a denialist framing on ad-
olescents’ certainty about climate change.
Environmental Education Research, 27(11),
1574-1598. https://doi.org/10.1080/13504
622.2021.1960954

Bush, D., Sieber, R., Seiler, G., & Chandler, M.
(2017). University-level teaching of Anthro-
pogenic Global Climate Change (AGCC) via
student inquiry. Studies in Science Educa-
tion, 53(2), 113-136. https://doi.org/10.108
0/03057267.2017.1319632

Carter, N., Bryant-Lukosius, D., DiCenso, A,
Blythe, J., & Neville, A. J. (2014). The use of
triangulation in qualitative research. Oncol-
ogy Nursing Forum, 41(5), 545-547. https://
doi.org/10.1188/14.0NF.545-547

Chang, C.-H. (2023). Climate change educa-
tion: Knowing, doing and being (Second
edition). Routledge research in education.
London, New York, NY: Routledge Taylor &
Francis Group.

Chiari, S., Voller, S., & Mandl, S. (2016). Wie las-
sen sich Jugendliche fiir Klimathemen be-
geistern? Chancen und Hirden in der Kli-
makommunikation. GW-Unterricht, 141(1),
5-18.

Chichekian, T., & Shore, B. M. (2016). Preservice
and practicing teachers'’ self-efficacy for in-
quiry-based instruction. Cogent Education,
3(1), 1236872. https://doi.org/10.1080/233
1186X.2016.1236872

18

Chu, S. K. W,, Reynolds, R. B., Tavares, N. J., No-
tari, M., & Lee, C. W. Y. (Eds.) (2017). 21st
Century Skills Development Through In-
quiry-Based Learning. Singapore: Springer
Singapore.  https://doi.org/10.1007/978-
981-10-2481-8

Competente, R. J. T. (2019). Pre-service teach-
ers inclusion of climate change education.
International Journal of Evaluation and Re-
search in Education (IJERE), 8(1), 119.

Corner, A., Roberts, O., Chiari, S., Voller, S., May-
rhuber, E. S., Mand|, S., & Monson, K. (2015).
How do young people engage with climate
change? The role of knowledge, values,
message framing, and trusted communica-
tors. WIREs Climate Change, 6(5), 523-534.
https://doi.org/10.1002/wcc.353

Crutzen, P. J. (2002). Geology of man-
kind. Nature, 415(6867), 23. https://doi.
org/10.1038/415023a

Darling-Hammond, L. (2023). Reprint: How
Teacher Education Matters. Journal of
Teacher Education, 74(2), 151-156. https://
doi.org/10.1177/00224871231161863

Dearing, J. A, Wang, R, Zhang, K., Dyke, J.
G., Haberl, H., Hossain, M. S., . . . Poppy, G.
M. (2014). Safe and just operating spac-
es for regional social-ecological systems.
Global Environmental Change, 28, 227-
238. https://doi.org/10.1016/J.GLOENV-
CHA.2014.06.012

Deisenrieder, V., Kubisch, S., Keller, L., & Stot-
ter, J. (2020). Bridging the Action Gap by
Democratizing Climate Change Educa-
tion—The Case of k.i.d.Z.21 in the Context
of Fridays for Future. Sustainability, 12(5),
1748. https://doi.org/10.3390/su12051748

Fernandez, G., Thi, T.T. M., & Shaw, R. (2014). Cli-
mate Change Education: Recent Trends and
Future Prospects. In R. Shaw & Y. Oikawa
(Eds.), Disaster Risk Reduction. Education
for Sustainable Development and Disaster
Risk Reduction (pp. 53-74). Tokyo: Springer
Japan. https://doi.org/10.1007/978-4-431-
55090-7_4

Flick, U. (2011). Das Episodische Interview. In G.
Oelerich & H.-U. Otto (Eds.), Empirische For-
schung und Soziale Arbeit (pp. 273-280).
Wiesbaden: VS Verlag flir Sozialwissen-
schaften.  https://doi.org/10.1007/978-3-
531-92708-4_17

Franco, I. B, Tapia, R., & Tracey, J. (2020). SDG 13

OpenSpaces 03|2025



Teaching Climate Change through Inquiry-Based Learning

Climate Action. In I. B. Franco, T. Chatterji,
E. Derbyshire, & J. Tracey (Eds.), Science for
Sustainable Societies. Actioning the Global
Goals for Local Impact (pp. 219-228). Sin-
gapore: Springer Singapore. https://doi.
org/10.1007/978-981-32-9927-6_14

Furtak, E. M., Seidel, T., Iverson, H., & Briggs,
D. C. (2012). Experimental and Quasi-Ex-
perimental Studies of Inquiry-Based Sci-
ence Teaching. Review of Educational
Research, 82(3), 300-329. https://doi.
org/10.3102/0034654312457206

Hamann, K., Baumann, A. & L&schinger, D.
(2016). Psychologie im Umweltschutz:
Handbuch zur Forderung nachhaltigen
Handelns. Magdeburg: Initiative Psycholo-
gie im Umweltschutz e.V. Retrieved from
https://www.wandel-werk.org/Handbuch.
html

Hanke, M., Ohl, U., & Sprenger, S. (2023). Fak-
tische Komplexitat und unsicheres Wissen
im Geographieunterricht. In I. Gryl, M. Leh-
ner, T. Fleischhauer, & K. W. Hoffmann (Eds.),
Geographiedidaktik (pp. 95-106). Berlin,
Heidelberg: Springer Berlin Heidelberg.
https://doi.org/10.1007/978-3-662-65730-
0.8

Hanke, M., SchauB3, M., & Sprenger, S. (2022).
Unsicherheiten im Diskurs zum Klimawan-
del — Chancen und Herausforderungen fiir
die geographische Bildung. In A. Eberth, A.
Goller, J. Glinther, M. Hanke, V. Holz, A. Krug,
... M. Singer-Brodowski (Eds.), Bildung fiir
nachhaltige Entwicklung - Impulse zu Digi-
talisierung, Inklusion und Klimaschutz (pp.
164-177). Verlag Barbara Budrich. https://
doi.org/10.2307/j.ctv2zrpdix.11

Hattie, J. (2023). Visible learning: The sequel
; a synthesis of over 2,100 meta-analyses
relating to achievement (First edition). Lon-
don, New York: Routledge Taylor & Francis
Group.

Heafner, T. L. (2016). Teacher Effect Model
for Impacting Student Achievement. In
J. Keengwe & D. Polly (Eds.), Advances in
Higher Education and Professional Devel-
opment. Evaluating Teacher Education Pro-
grams through Performance-Based Assess-
ments (pp. 376-392). IGI Global. https://doi.
org/10.4018/978-1-4666-9929-8.ch022

Hestness, E., McDonald, R. C., Breslyn, W,
McGinnis, J. R., & Mouza, C. (2014). Science
Teacher Professional Development in Cli-

OpenSpaces 03|2025

mate Change Education Informed by the
Next Generation Science Standards. Jour-
nal of Geoscience Education, 62(3), 319-
329. https://doi.org/10.5408/13-049.1

Hoffmann, K. W. (2023). Zukunftsfach Geo-
graphie: eine Verortung zwischen strik-
ter Losungsorientierung und reflektierter
Probleml6sungsorientierung aus  schul-
praktischer Sicht. Diercke 360°. (1), 1-15.
Retrieved from https://diercke.de/sites/de-
fault/files/2023-06/Zukunftsfach%20Geo-
graphie%20-%20eine%20Verortung%20
zwischen%20strikter%20L%C3%B6sungs-
orientierung%20und%?20reflektierter%20
Problem|%C3%B6sungsorientierung%20
aus%20schulpraktischer%20Sicht.pdf

Hottecke, D., & Allchin, D. (2020). Reconceptu-
alizing nature-of-science education in the
age of social media. Science Education,
104(4), 641-666. https://doi.org/10.1002/
sce.21575

Howarth, C., Parsons, L., & Thew, H. (2020). Ef-
fectively Communicating Climate Science
beyond Academia: Harnessing the Hetero-
geneity of Climate Knowledge. One Earth,
2(4), 320-324. https://doi.org/10.1016/j.
oneear.2020.04.001

Justice, C,, Rice, J., Roy, D., Hudspith, B., & Jen-
kins, H. (2009). Inquiry-based learning in
higher education: administrators’ perspec-
tives on integrating inquiry pedagogy into
the curriculum. Higher Education, 58(6),
841-855. https://doi.org/10.1007/510734-
009-9228-7

Kaufmann, F. (2018). Positionalitat in
Forschungsprozessen. In J. Wintzer (Ed.),
Sozialraum erforschen: Qualitative Me-
thoden in der Geographie (pp. 37-47). Ber-
lin, Heidelberg: Springer Berlin Heidelberg.
https://doi.org/10.1007/978-3-662-56277-
2.3

Keller, L. (2020). Still searching for (education
for) sustainable development: reflections
on the need, challenges, and chances of
transforming education in the 21st century.
Jurnal Pendidikan Geografi, 25(2), 179-192.

Keller, L., Stotter, J., Oberrauch, A., Kuthe, A.,
Korfgen, A., & Hifner, K. (2019). Changing
Climate Change Education: Exploring mod-
erate constructivist and transdisciplinary
approaches through the research-educa-
tion co-operation k.i.d.Z.21. GAIA - Ecolog-
ical Perspectives for Science and Society,

19



Schulz

28(1), 35-43.
gaia.28.1.10

https://doi.org/10.14512/

King, A. (1993). From Sage on the Strage to
Guide on the Side. College Teaching, 41(1),
30-35.

Kollmuss, A., & Agyeman, J. (2002). Mind the
Gap: Why do people act environmentally
and what are the barriers to pro-environ-
mental behavior? Environmental Educa-
tion Research, 8(3), 239-260. https://doi.
org/10.1080/13504620220145401

Kopatz, M. (2019). Okoroutine: Damit wir tun,
was wir fur richtig halten (2. Auflage).
Minchen: oekom.

Kotuldkova, K. (2021). Identifying Teachers’ Be-
liefs Prior to CPD Training Focusing on an
Inquiry-Based Approach in Science Educa-
tion. Research in Science Education, 51(S1),
183-211. https://doi.org/10.1007/s11165-
019-9841-0

Kovacova, L., Held, L., & Kotulakova, K. (2024).
The influence of inductive activities on pu-
pils’ conceptualization and attitudes to the
greenhouse effect and climate change. In-
ternational Research in Geographical and
Environmental Education, 1-18. https://
doi.org/10.1080/10382046.2024.2358678

Kranz, J., Schwichow, M., Breitenmoser, P, & Nie-
bert, K. (2022). The (Un)political Perspective
on Climate Change in Education—A Sys-
tematic Review. Sustainability, 14(7), 4194.
https://doi.org/10.3390/su14074194

Kuckartz, U., & Radiker, S. (2022). Qualitative
Inhaltsanalyse. Methoden, Praxis, Com-
puterunterstitzung: Grundlagentexte
Methoden (5. Auflage). Grundlagen-
texte Methoden. Weinheim, Basel: Bel-
tz Juventa. Retrieved from http://www.
content-select.com/index.php?id=bib_vie-
w&ean=9783779955337

Kunter, M., Baumert, J., Blum, W., Klusmann,
U., Krauss, S., & Neubrand, M. (Eds.) (2011).
Professionelle Kompetenz von Lehrkréften:
Ergebnisse des Forschungsprogramms
COACTIV. Minster, New York, Minchen,
Berlin: Waxmann.

Lamb, W. F,, Mattioli, G., Levi, S., Roberts, J. T,
Capstick, S., Creutzig, F, . .. Steinberger, J. K.
(2020). Discourses of climate delay. Global
Sustainability, 3. https://doi.org/10.1017/
sus.2020.13

20

Leal Filho, W., & Hemstock, S. L. (Eds.) (2019).
Climate Change and the Role of Education.
Cham: Springer International Publishing.
https://doi.org/10.1007/978-3-030-32898-
6

Leal Filho, W., Sima, M., Sharifi, A., Luetz, J. M.,
Salvia, A. L., Mifsud, M., . . . Lokupitiya, E.
(2021). Handling climate change education
at universities: An overview. Environmen-
tal Sciences Europe, 33(1), 109. https://doi.
org/10.1186/512302-021-00552-5

Li, C. J.,, Monroe, M. C., Oxarart, A., & Ritchie,
T. (2019). Building teachers’ self-efficacy in
teaching about climate change through ed-
ucative curriculum and professional devel-
opment. Applied Environmental Education
& Communication, 20(1), 34-48. https://
doi.org/10.1080/1533015X.2019.1617806

Lower-Hoppe, L. M., Brgoch, S., Chen, Y.-J., &
Sutherland, S. (2021). Inquiry-Based Learn-
ing in Action. In L. Tomei & J. Keengwe
(Eds.), Advances in Educational Technolo-
gies and Instructional Design. Handbook of
Research on Innovations in Non-Traditional
Educational Practices (pp. 34-59). IGI Glob-
al. https://doi.org/10.4018/978-1-7998-
4360-3.ch003

Mack, O. & Khare, A. (2016). Perspectives
on a VUCA World. In O. Mack, A. Khare, A.
Krémer, & T. Burgartz (Eds.), Managing in
a VUCA World (pp. 3-19). Cham: Spring-
er International Publishing. https://doi.
org/10.1007/978-3-319-16889-0_1

Meyer, C., Eberth, A., & Warner, B. (2018). Ein-
fuhrung. In C. Meyer, A. Eberth, & B. Warner
(Eds.), Klimawandel im Unterricht: Bewusst-
seinsbildung fiir eine nachhaltige Entwick-
lung (pp. 4-5). Braunschweig: Westermann.

Mieg, H. A. (Ed.) (2019). Inquiry-Based Learning
- Undergraduate Research. Cham: Spring-
er International Publishing. https://doi.
org/10.1007/978-3-030-14223-0

Monroe, M. C,, Plate, R. R., Oxarart, A., Bow-
ers, A., & Chaves, W. A. (2019). Identifying
effective climate change education strat-
egies: a systematic review of the research.
Environmental Education Research, 25(6),
791-812. https://doi.org/10.1080/1350462
2.2017.1360842

Montafo, D., & Kasprzyk, D. (2008). Theory of
reasoned action, theory of planned behav-
ior, and the integrated behavior model. In

OpenSpaces 03|2025



Teaching Climate Change through Inquiry-Based Learning

K. Glanz, B. Rimer, & K. Viswanath (Eds.),
Health behavior and health education:
Theory, research, and practice (4th ed., pp.
67-96). San Francisco: Jossey-Bass.

Mueller, R. A. (2019). Episodic Narrative In-
terview: Capturing Stories of Experi-
ence With a Methods Fusion. Interna-
tional Journal of Qualitative Methods,
18, 160940691986604. https://doi.
org/10.1177/1609406919866044

Namdar, B. (2018). Teaching global climate
change to pre-service middle school teach-
ers through inquiry activities. Research in
Science & Technological Education, 1-23.
https://doi.org/10.1080/02635143.2017.14
20643

Nepras, K., Strejckova, T., & Kroufek, R. (2022).
Climate Change Education in Primary and
Lower Secondary Education: Systematic Re-
view Results. Sustainability, 14(22), 14913.
https://doi.org/10.3390/su142214913

Neuer, B., & Nothen, E. (2023). Klimabildung.
Politische Rahmungen, didaktische Not-
wendigkeiten und aktivistische (Selbst-)
Bildungspraktiken. DDS - Die Deutsche
Schule, 2023(2), 131-135. https://doi.
org/10.31244/dds.2023.02.06

Nind, M. (2019). A new era in focus group re-
search: challenges, innovation and practice.
International Journal of Research & Method
in Education, 42(2), 220-222. https://doi.or
g/10.1080/1743727X.2019.1584706

Ohl, U. (2013). Komplexitat und Kontroversitat:
Herausforderungen des Geographieunter-
richts mit hohem Bildungswert. Praxis Ge-
ographie, 43,4-8.

Olsen, S. K., Miller, B. G, Eitel, K. B., & Cohn, T. C.
(2020). Assessing Teachers’ Environmental
Citizenship Based on an Adventure Learn-
ing Workshop: A Case Study from a So-
cial-ecological Systems Perspective. Jour-
nal of Science Teacher Education, 31(8),
869-893. https://doi.org/10.1080/104656
0X.2020.1771039

Pedaste, M., Mdeots, M., Siiman, L. A, Jong, T.de,
van Riesen, S. A, Kamp, E.T,, ... Tsourlidaki,
E. (2015). Phases of inquiry-based learning:
Definitions and the inquiry cycle. Educa-
tional Research Review, 14, 47-61. https://
doi.org/10.1016/j.edurev.2015.02.003

Pfautsch, S., & Gray, T. (2017). Low factual un-
derstanding and high anxiety about cli-

OpenSpaces 03|2025

mate warming impedes university students
to become sustainability stewards. Interna-
tional Journal of Sustainability in Higher
Education, 18(7), 1157-1175. https://doi.
org/10.1108/1JSHE-09-2016-0179

Raworth, K. (2020). Die Donut-Okonomie: End-
lich ein Wirtschaftsmodell, das den Planet-
en nicht zerstort (H. Freundl & S. Schmid,
Trans.) (3. Auflage). Mlnchen: Carl Hanser
Verlag.

Rehorek, S. J. (2004). Inquiry-Based Teaching.
The American Biology Teacher, 66(7), 493—
499. https://doi.org/10.1662/0002-7685(20
04)066[0493:1T]2.0.CO;2

Renn, O. (2018). Klimaveranderung als sys-
temisches Risiko erkennen: Wege zur
Handlungsbereitschaft. In C. Meyer, A.
Eberth, & B. Warner (Eds.), Klimawandel
im Unterricht: Bewusstseinsbildung fir
eine nachhaltige Entwicklung (pp. 77-85).
Braunschweig: Westermann.

Richardson, K., Steffen, W., Lucht, W., Bendtsen,
J., Cornell, S. E.,, Donges, J. F,, ... Rockstrom,
J. (2023). Earth beyond six of nine plane-
tary boundaries. Science Advances, 9(37),
eadh2458. https://doi.org/10.1126/sciadv.
adh2458

Rockstrom, J., Gupta, J.,, Qin, D., Lade, S. J,
Abrams, J. F, Andersen, L. S., . .. Zhang, X.
(2023). Safe and just Earth system bound-
aries. Nature, 619(7968), 102-111. https://
doi.org/10.1038/541586-023-06083-8

Rost, J., Gresele, C,, & Martens, T. (2001). Han-
deln fir die Umwelt: Anwendung einer
Theorie. Miinster, New York, Miinchen, Ber-
lin: Waxmann.

Rousell, D., & Cutter-Mackenzie-Knowles, A.
(2020). A systematic review of climate
change education: giving children and
young people a ‘voice’ and a ‘hand’ in re-
dressing climate change. Children's Geog-
raphies, 18(2), 191-208. https://doi.org/10.
1080/14733285.2019.1614532

Schulz, R. (2010). Inquiry-Oriented Teacher
Education. In P. L. Peterson, E. L. Baker, & B.
McGaw (Eds.), International Encyclopedia
of Education // International encyclopedia
of education (3rd ed., pp. 604-609). Oxford:
Elsevier.  https://doi.org/10.1016/B978-0-
08-044894-7.00664-3

Seitz, K. (2015). BNE beginnt mit Bildungskritik.
In Gewerkschaft Erziehung und Wissen-

21



Schulz

schaft (Ed.), Bildung fiir nachhaltige En-
twicklung: Allgemeine Deutsche Lehrerzei-
tung (p. 2). Essen: Stamm Verlag.

Shaw, C,, Hellsten, I., & Nerlich, B. (2016). Fram-
ing Risk and Uncertainty in Social Science
Articles on Climate Change, 1995-2012.
In J. Crichton, C. N. Candlin, & A. S. Firkins
(Eds.), Communicating Risk (pp. 208-228).
London: Palgrave Macmillan UK. https://
doi.org/10.1057/9781137478788_13

Steffen, W., Broadgate, W., Deutsch, L., Gaffney,
0., & Ludwig, C. (2015). The trajectory of the
Anthropocene: The Great Acceleration. The
Anthropocene Review, 2(1), 81-98. https://
doi.org/10.1177/2053019614564785

Steffen, W., Richardson, K., Rockstrom, J., Cor-
nell, S. E., Fetzer, I., Bennett, E. M., . .. Sor-
lin, S. (2015). Planetary boundaries:: Guid-
ing human development on a changing
planet. Science (New York, N.Y.), 347(6223),
1259855. https://doi.org/10.1126/sci-
ence.1259855

Stevenson, R. B., Nicholls, J., & Whitehouse, H.
(2017). What Is Climate Change Education?
Curriculum  Perspectives, 37(1), 67-71.
https://doi.org/10.1007/s41297-017-0015-
9

Tan, Q. H., & Seow, T. (2022). Towards trans-
formative pedagogies for sustainability ed-
ucation. HSSE Online, 11(2), 81-92.

Titsworth, S., Mazer, J. P, Goodboy, A. K., Bolkan,
S., & Myers, S. A. (2015). Two Meta-analyses
Exploring the Relationship between Teach-
er Clarity and Student Learning. Communi-
cation Education, 64(4), 385-418. https://
doi.org/10.1080/03634523.2015.1041998

US Global Change Research Program (2009).
Climate Literacy: The Essential Principles
of Climate Science. Retrieved from https://
scied.ucar.edu/sites/default/files/2021-10/
climate_literacy_brochure.pdf

Waller, R. E., Lemoine, P. A., Mense, E. G., Gar-
retson, C. J,, & Richardson, M. D. (2019).
Global Higher Education in a VUCA World:
Concerns and Projections. Journal of Edu-
cation and Development, 3(2), 73. https://
doi.org/10.20849/jed.v3i2.613

WBGU (2011). Welt im Wandel: Gesellschafts-
vertrag fiir eine Grof3e Transformation:
Hauptgutachten (2., verand. Aufl, Red.-
Schluss: 17.03.2011). Welt im Wandel. Ber-
lin.

22

Wessels, ., Gess, C., & Deicke, W. (2019). Compe-
tence Development Through Inquiry-Based
Learning. In H. A. Mieg (Ed.), Inquiry-Based
Learning - Undergraduate Research (pp.
59-69). Cham: Springer International Pub-
lishing. https://doi.org/10.1007/978-3-030-
14223-0_6

Zur, S., & Tal, T. (2021). “We Know our Stu-
dents”: Teacher Views of Inquiry-Based
Learning Implementation in Light of Their
Working Context. Proceedings of the Sin-
gapore National Academy of Science,
15(02), 91-104. https://doi.org/10.1142/
$2591722621400093

OpenSpaces 03|2025



() UNIVERSITAT
DEUSISS NU RG
UucrFuplico

universitats
ub

Duisburg-Essen Publications online bibliothek

Dieser Text wird via DUEPublico, dem Dokumenten- und Publikationsserver der Universitét
Duisburg-Essen, zur Verfiigung gestellt. Die hier verdffentlichte Version der E-Publikation
kann von einer eventuell ebenfalls veroffentlichten Verlagsversion abweichen.

DOI: 10.17185/duepublico/84613
URN: urn:nbn:de:hbz:465-20251113-123237-9

Dieses Werk kann unter einer Creative Commons Namensnennung
- 4.0 Lizenz (CC BY 4.0) genutzt werden.



https://duepublico2.uni-due.de/
https://duepublico2.uni-due.de/
https://doi.org/10.17185/duepublico/84613
https://nbn-resolving.org/urn:nbn:de:hbz:465-20251113-123237-9
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/



