Chapter 5

Researching Climate Change in Their
Own Backyard—Inquiry-Based
Learning as a Promising Approach
for Senior Class Students

Sebastian Brumann, Ulrike Ohl and Carolin Schackert

Abstract Inquiry-based learning (IBL) enables students to personally experience
climate change, which is often perceived as a rather abstract phenomenon. This article
outlines characteristics of the IBL approach and sums up its most important benefits
for climate change education. Recent relevant school projects, which address the
topic of climate change, are presented. The article then describes main features of
a prototypical IBL concept, which is being developed at the Chair of Geography
Education at the University of Augsburg. In this project, Bavarian senior class high
school students conduct research on the effects of climate change in their immediate
surroundings. They work on individually generated study questions using anthropo-
geographic and physiogeographic research methods. In order to do so, students are
led towards a deeper understanding of the regional implications of climate change
by working with online learning modules that additionally present adequate research
methods. They also present their scientific findings in front of peers, a broader public
and climatologists. Finally, first findings of the project portrayed above are discussed.

Keywords Climate change education - Inquiry-based learning - Fieldwork -
Regional implications of climate change + Complexity

Teaching Climate Change—A Relevant and Challenging
Matter

Current and pressing challenges of global climate change not only require correc-
tive measures by governments and economy but also climate literate behaviour of
the individual. Students, in particular, can make climate conscious decisions in areas
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such as personal mobility, holiday destinations, recreational activities, nutrition, con-
sumerism, energy consumption and, partly, housing (Chiari et al. 2016).

Studies have shown that a certain climate literacy, i.e. basic knowledge about
climate change as an issue as well as its causes and possible effects, does exist,
at least in Central European societies (Chiari et al. 2016). At the same time, there
is a frequently described discrepancy between a person’s awareness or knowledge
of climate change on the one hand and their actions on the other hand: although
the risks of climate change are considered relevant, most people do little to coun-
teract it (Renn 2018). A Europe-wide survey showed that especially people below
the age of 24 contribute considerably less to climate-conscious behaviour than older
groups (European Commission 2014). Personal factors that influence climate literate
behaviour and help to explain this discrepancy are diverse. Chiari et al. (2016) illus-
trate that these factors can be both personal (as for example knowledge, values and
attitudes, interests, perceived self-efficacy) and situational (as for example available
infrastructure, economic circumstances or social context).

School education, especially geography education, is responsible for contributing
to adequate climate change education by positively influencing the above-mentioned
factors, as best as educational settings allow. In this context, teaching knowledge
of climate change as well as the ability to act sustainably are crucial goals. As
already mentioned, it is clear that the dissemination of knowledge alone does not
automatically lead to climate literate behaviour. However, knowledge is an essential
prerequisite for it. Results from a study by Ranney and Clark (2016) among American
citizens are encouraging, as they show that the acceptance for anthropological climate
change as well as the willingness to act grew with an understanding of the greenhouse
effect. Additionally, these findings could be replicated in another study with German
participants (Ranney and Clark 2016).

The didactic challenges that arise in connection with climate change education
result in particular from the topic’s complexity as well as a perceived temporal and
spatial detachment from impacts of climate change.

The Complexity of Climate Change

Climate change is a complex issue on both a factual and an ethical level, as it is char-
acterised by a tension between numerous interconnected aspects such as economic
interests, ecological goals, cultural orientations, social norms and political decisions
(Meyer et al. 2018). Approaches from both sciences and humanities are necessary to
cover the subject adequately, assess its risks and find viable solutions (Meyer et al.
2018). As another facet of its factual complexity, it is local and global factors that
play arole as well. With this in mind, factual complexity is then complemented by an
ethical dimension. This becomes visible in the ongoing discussion on climate justice,
for example.

In light of these complexities, it is not a surprise that international research in
the field of Conceptual Change has uncovered challenges in teaching about climate
change. Much of the research conducted shows that students often have wrong,
highly persistent conceptions of climate change, especially with regard to the causes
of climate change and possible solutions and, to a lesser degree, with respect to the
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impact of climate change (see Felzmann 2018 for a summary). Many children and
adolescents mistakenly assume that the ozone hole is the cause of the anthropolog-
ical greenhouse effect. Furthermore, without further differentiation, students often
attribute the greenhouse effect to “emissions” that supposedly destroy the ozone
layer. Another common misconception is that of a confined CO, or greenhouse gas
layer in high altitudes (Schuler 2011; Felzmann 2018). Reinfried and Tempelmann
(2014) show that scientific misconceptions formed prior to classes on the topic of
climate change play a significant role in it. Depending on the characteristics of these
scientific misconceptions, they may or may not be modified by learning environ-
ments, which are specifically designed to target them. Overall, research has shown
that actively formulating and working with misconceptions is more effective than
ignoring them (Felzmann 2018).

Attempts to explain the above-mentioned difficulties go beyond the topic’s com-
plexity as they also include the fact that, especially to people living in Central Europe,
the mechanics of climate change are only perceivable to a small degree. Correspond-
ingly, most people do not have personal experiences with climate change (Renn
2018). According to Reinfried (2007), in this case, many people might fall back on
unscientific categories, which might lead to a causal connection of aspects such as
the metaphoric term ozone hole, personally perceived temperature fluctuations, con-
ceptions of a greenhouse glass ceiling and self-experienced higher concentrations of
near-ground ozone.

Perceived Spatial and Temporal Detachment

In Central Europe and other regions of the world, the effects of climate change
can only be perceived to a small degree, which causes a so-called “psychological
distancing”, i.e. a perceived spatial and temporal detachment from impacts of climate
change. Consequently, people tend to ascribe them to other parts of the world (e.g.
islands in the South Pacific Ocean) and a distant future (Chiari et al. 2016). In a study
conducted with students of German high schools, Fiene (2014) shows that adolescents
predominantly believe that climate change only happens on a global scale and that
they consider climate change irrelevant to their own home. Consequently, they pay
scant attention to the gradual nature of climate change, whose effects are barely
perceivable (Renn 2018). Furthermore, they do not feel affected, have a low sense of
responsibility and little willingness to act against the impacts of climate change. Due
to psychological distancing and the misguided belief that climate change is merely
a global phenomenon, many people share the conviction that their opportunities for
actions are very limited and that they, as individuals, cannot make a difference (Renn
2018).

Inquiry-Based Learning as a Promising Approach

Researching climate change in their own backyard through inquiry-based learning
(IBL) can be an opportunity for students that may help to overcome psychological
distancing as it is based on individual interests, takes place close to home and in
social interaction with peers.
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In the following chapters, we will discuss potentials of inquiry-based learning for
the topic of climate change in more detail. In addition, we will introduce our research
project, in which students apply this very approach and summarise our experiences
in a résumé.

IBL as a Promising Approach for Climate Change Education

It is obvious that there is no universal solution for the challenges of climate change
education, but certain approaches seem to be particularly suitable for such settings.
One exemplary approach is inquiry-based learning, which facilitates and optimises
climate change education, especially with regard to the difficulties outlined above.

What Is IBL?

Inquiry-based learning is not a uniformly defined concept, but rather an array of
didactic approaches that cover a wide range of educational areas and disciplines and
can take different forms as well as names (Reitinger 2013; Brumann and Ohl 2019).
However, all of them share a core of principal characteristics that, in light of the
school context, can be described as a form of learning that aims for searching and
finding insights, which are new at least to the learner, but can also be of interest to
third parties. Attitudes and methods of inquiry-based learning are analogous to the
fundamental mindset and approaches of scientific work (Messner 2009; Huber 2009).
This means that, during their learning process, students partly or fully complete a
typical scientific research cycle by developing questions and hypotheses, choosing
and applying appropriate methods and then analysing, interpreting and presenting
results (Huber 2009; Reitinger 2013; Pedaste et al. 2015). The goal is to apply
and consequently acquire scientific core competences. These include both receptive
research skills, such as information literacy, statistical literacy and critical thinking,
as well as productive research skills. The latter include cognitive competences such
as knowledge about research processes and methods, the generation of hypotheses
or data analysis, affective-motivational competences such as research-related self-
efficacy or a tolerance of uncertainty and ambiguity, and the social competence of
cooperation in a learning community (Gess et al. 2017). Furthermore, IBL should
at best require and encourage a so-called research attitude. According to Gess et al.
(2017), this includes a reflexive distance—i.e. a reflective, questioning attitude—
epistemic curiosity, in the sense of an intrinsically motivated tendency to find out
new things (Kidd and Hayden 2015), as well as differentiated epistemological beliefs,
1.e. the assumptions of a person about the nature of knowledge and the process of
knowledge acquisition (Klopp and Stark 2016).

The range of didactic approaches, which correspond, at least in essence, to this
basic character of IBL, is broad and varies in a number of dimensions. On the one
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hand, there are forms of teaching, which (for didactic and/or organisational reasons)
are greatly simplified; they are pre-structured, narrowly focused and, hence, rather
less scientific. On the other hand, there are approaches that can be very close to the
model of scientific research, especially with an increasing age of the learners and in
higher and adult education. As a rule, such concepts are only feasible as long-term
projects. Their characteristics are that students work successively, on the basis of
their own curiosity and questions and with a high level of self-control on complex
topics that are closely connected to their everyday lives. With respect to content
and methodology, the concepts align with (at times integrative) approaches from
the humanities and natural science and/or humanities. Findings are then often of
importance to third parties, i.e. their relevance goes beyond the individual learning
processes (Brumann and Ohl 2019).

Potentials: How Can IBL Face the Above Mentioned
Challenges?

There are many good reasons that argue for inquiry-based learning from an edu-
cational and scientific theoretical point of view. Also with regard to the challenges
that successful education of topics relevant to sustainability, such as climate change,
brings along, inquiry-based learning has considerable potential. For example, since
the students are constantly asked to autonomously find, define and structure problems
as well as plan, conduct and analyse investigations in communication and cooper-
ation with other learners, IBL requires and fosters specific competences, which are
highly important with regard to student’s everyday lives. Moreover, the management
of resources, the making of decisions and the fact that students have to be able to
endure ambiguity enhances this effect further. Kuisma (2017) showed that a cor-
responding set of so-called “twenty-first century skills” can be promoted through
inquiry-based learning. Many of these “design competences” can also be consid-
ered as important elements of education for sustainable development (ESD) (BLK
Program Transfer-21 2007).

Among other things, Tilbury (2011) highlights the critical questioning of infor-
mation as central to ESD. Especially in times of the internet and the concomitant
complexity and controversy of available information, this is generally considered an
important key skill. Relevant scientific studies have shown that inquiry-based learn-
ing has a positive effect on the ability to think critically (for example Apedoe et al.
(2006) in the field of geology, or Uzunoz et al. (2018) in the sports sciences). Al-
Maktoumi et al. (2016) observed that students participating in a hydropedological
research project in Oman adopted an increasingly critical questioning attitude. In
some cases, on the basis of own experiences, this attitude even led to the questioning
of common textbook knowledge. Especially in regard to science education, Duran
and Dokme (2016) were able to show that IBL fosters a better development of critical
thinking compared to conventional approaches.
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In addition, IBL also offers a great potential for dealing with the above-mentioned
students’ scientific (mis-)conceptions. In order to make use of these conceptions and
to enable a Conceptual Change in the sense of constructivist learning processes (see
e.g. Reinfried 2007), Schuler (2011) postulates the need for interdisciplinary and
systematic learning as well as the requirement to teach students the ability to acquire
knowledge by themselves and to critically question this information. In addition, edu-
cation about global climate change should aim at the development of differentiated
knowledge about problematic consequences, perpetrator roles and opportunities for
action (Schuler 2011). Since these knowledge structures are often missing, it seems
to be very important to make concrete, exemplary experiences. By the application
of IBL, these experiences can possibly be produced to some degree. Because of a
certain analogy between student’s mental misconceptions and scientific hypotheses,
which both have to be adapted or replaced when they fail through experience, this
seems to be a promising approach. With the help of inquiry-based learning, students
can succeed in empirically modifying the existing ideas by verifying concrete facts
and scientific observations. According to this potential, Kukkonen et al. (2013) show
that IBL has a positive effect on the students’ perception of the greenhouse effect
and the understanding of this phenomenon. More general, Chinn et al. (2013) show
the potential of IBL for the promotion of Conceptual Change on the basis of selected
studies and own investigations. The authors suspect that this is mainly due to the
active negotiation of “‘evidence-theory linkages” in doing research.

Another advantage of researching a concrete—at best local—phenomenon is a
potentially strong relevance to one’s everyday life, which has been shown to be partic-
ularly favorable for the communication of climate issues among adolescents (Chiari
etal. 2016). In doing so, IBL establishes a temporal and spatial proximity between the
learner and the topic, because usually research projects are carried out in immediate
vicinity to the student’s own backyard. Accordingly, a special challenge of IBL is to
put concrete experiences in a meaningful context with the rather abstract concept of
climate change. However, if this is achieved through targeted didactic action, there
is a tremendous opportunity to correspond to the general principle of meaningful
global thinking. Pretorius et al. (2016) refer, for example, to the potential of IBL to
apply relevant knowledge and competences on site and to reflect local challenges and
opportunities. In other studies (e.g. Klein 1995), this could be identified as a neces-
sity especially for geographic inquiry even more explicitly. Thus, access to a topic
will be extended to an active and practical learning dimension, which is an important
attribute of ESD (Tilbury 2011; Pretorius et al. 2016). However, this does not neces-
sarily result in the reduction of psychological distancing, which in turn could favor
an increased willingness to act, because environmental psychology has shown that
people do not automatically care about proximal places and the elements, properties
and qualities that constitute them (Briigger et al. 2015). Nevertheless, it is still very
likely to create proximity to the object of learning through inquiry-based learning,
because individual curiosity, interests and questions can be seen as the starting point
of the learning processes. As a consequence, students devote themselves to these
very aspects of their own immediate surroundings, which feature an exceptionally
high potential of intrinsic motivation.
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According to many research findings, own observation and research foster a bet-
ter understanding of scientific concepts in particular (Markaki 2014). Especially in
the field of Earth Sciences, two studies by Mao et al. (1998) and Chang and Mao
(1999) should be mentioned, which showed that IBL promotes a generally greater
learning success in researching geosciences compared to traditional approaches. In
addition, the study by Klein (1995) also showed a notable increase in learning with
regard to different geographic concepts and competences—including one topic on
global climate change. Moreover, Namdar (2018) designed inquiry-based activities
specifically on the topic of global climate change to provide future teachers with
a tool to teach these relationships. The accompanying study showed a significant
improvement in their understanding of global climate change.

An elaborate expertise, however, only represents one part of the felicity conditions
for climate change education. The reduction of distance and abstractness can certainly
facilitate the generally difficult step from knowledge to action. However, as explained
above, a number of other important factors have to be added. In the research literature
evidence can be found that these factors can possibly be supported by means of
inquiry-based learning. It is a great challenge for teaching to overcome fear and
feelings of powerlessness in relation to climate change and to replace it with the
sense of self-efficacy. Gray (2018) for example shows that research in the field of
earth sciences has a positive effect on the feeling of self-efficacy expectations of future
teachers. Also, Sjodahl Hammarlund et al. (2013) concluded on the basis of their
research that IBL promotes participants’ motivation and self-efficacy expectations.
This connection may be explained by the fact that a research cycle requires the
learners to deal with unexpected events, solve problems independently and overcome
setbacks. Learners can gain a strong sense of efficacy in situations of that sort, if the
design of the IBL allows positive experiences. Additionally, these experiences may
be a potential antidote to the mass media news broadcast that overwhelmingly has a
threatening character.

Furthermore, tying in with the specific interests of each target group and the often
heterogeneous interests within it, contributes to the success of climate communi-
cation. Various studies have shown that IBL leads to increased motivation among
learners (e.g. Tuan et al. 2005; Bayram et al. 2013). The authors explain this with
the comparatively great freedom of choice learners have in IBL, in the sense that
learners have the possibility to control their own learning processes and choose the
topics and methods based on their interests.

Finally, the willingness to adopt climate-friendly behaviour depends on certain
values: while helpfulness or benevolence seem to behave a positive effect, values
that focus on individual benefits tend to have negative effects on climate-friendly
behaviour (Chiari et al. 2016). As values and attitudes are generally considered
to be rather difficult to change, it is also difficult to make statements regarding
the effect of inquiry-based learning. However, it can at least be assumed that one
essential characteristic of scientific activity and, consequently, also IBL can make a
contribution: research requires cooperation and communication as well as negotiating
and bridging different perspectives, while “single-fighter mentalities” often make
success more difficult.
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Obviously, like any other form of learning, IBL does not per se achieve the afore-
mentioned effects. The success of the method depends on the design of the respective
concept. This includes a large number of didactic decisions, which can vary depend-
ing on the context. All in all, forms of inquiry-based learning that are very similar to
science, which themselves imply a series of corresponding conceptual considerations
and conditions of success, are more likely to produce the intended effects.

Recent Didactic Approaches that More or Less Meet the IBL
Concepts

In light of what has been described above, it is not surprising that current educational
projects on climate change include, more or less extensively, elements of inquiry-
based learning.

A selection of the many examples of concepts that have been published in German
recently are presented here:

ReKli:B

The interdisciplinary project ReKli:B, which took place between 2012 and 2016 at
the Heidelberg University of Education, aims at promoting children’s and adoles-
cents’ ability to evaluate regional climate change and their willingness to act upon
it. Methodically, the concept is conducted with partner schools in the form of field
studies, in-depth analyses in a geo-ecological laboratory and model- and experiment
based approaches. Using local examples, it aims at making the ecological interre-
lations of climate change as comprehensible as possible. Based on several learning
modules, participating students can conduct these research activities for different
topics over a course of several lessons (Siegmund et al. 2017).

Climate ChangeS Cities

With Climate ChangeS Cities by the Ruhr-University in Bochum, the Trier University
and the Heidelberg University of Education a new German educational project on
climate change is under way. Inspired by ReKli:B, the project’s emphasis is, again,
on the enhancement of crucial competences such as evaluation and judgment skills
and the capacity to act, and, in terms of content, the assessment of climate-related
phenomena in urban spaces. Climate ChangeS Cities 1s based on the IBL approach
described above, as students are enabled to self-directedly conduct investigations
in their living environments, such as field observations in the city and laboratory
work. Additionally, here based on the “experimental algorithm”, students run through
different stages of inquiry. According to first observation results, Climate ChangeS
Cities seems to be a promising approach (Feja et al. 2019).

k.idZ.21
The University of Innsbruck developed k.i.d.Z.21 as a bi-national project in cooper-
ation with a German school. It allows students to engage in individual subprojects,
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which can include questions on climate change from both the humanities and the
sciences. Particularly noteworthy is the included five-day research stay in the Otztal
Alps, which ends the project of several months. As the effects of climate change are
especially visible in mountain regions, the trip gives students the opportunity to expe-
rience the effects of climate change first hand and to investigate them independently
by using geographical methods (Oberrauch et al. 2015).

The Augsburg Concept as an Exemplary IBL. Approach
in Climate Change Education

The examples presented above give an insight into possible designs of inquiry-based
learning in connection with the topic of climate change. Almost always, the details of
the concept depend on the organisational and thematic requirements of the respective
educational context. Very often, time is a limiting factor, especially in more scien-
tific forms of IBL. Consequently, finding ways to implement IBL as prototypically as
possible into the given educational contexts, is particularly challenging. At Bavarian
secondary schools, the so called “W-Seminare” in years 11 and 12 are a frame-
work that offers the chance to teach propaedeutics and therefore prepare students
for scientific work at universities. Over the course of one and a half years, students
are enabled to develop science-related competences and a general ability to study.
From the perspective of one school subject, the W-Seminars are also meant to make
inquiry-based learning possible (ISB 2011). Although there are already numerous
best practice examples of W-Seminar concepts, the full potential, especially with
regard to the intention to give students’ learning processes a clear scientific charac-
ter, has not yet been exhaustively realised. Aiming at meeting both the requirements
of propaedeutics and climate change education, the Chair of Geography Education
at the University of Augsburg is currently developing a subproject of the Bavarian
BaySICS climate research project initiated in 2018. The basic idea of the concept is to
involve students, based on the concept of Citizen Science, in researching regional and
local implications of global climate change in Bavaria. They use the one-and-a-half-
year period to complete a full scientific research process, which includes acquiring
basic competences, finding and developing individual research questions, planning
and conducting data collections, analysing, interpreting and communicating results
and, eventually, writing a scientific paper (see Fig. 5.1). In the following the didactic
conception of the individual phases is briefly described:

Development of the Factual Basis for the Topic of Climate Change

The introductory lessons serve to give the students an organisational overview, make
a first connection between the topic and their everyday lives and arouse curiosity.
Following that, students shall delve into the topic for several weeks, paying special
attention to regional aspects. A modular structure, which has already proven bene-
ficial in other projects, is used to introduce the factual basics prior to the research
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Basics on climate change ept.
* Faclual basics on global climate change and its regionalflocal implications A
* Online modules and discussions in class \

I/TT

Research question and planning
= Development of research question and design using techniques of

creative thinking
= Consolidation of adequate research technigues with the help of online
chapters on methods

Fieldwork 1

= Self-controlled conducting of individual research projects with
support by peers and the teacher

* |ndependent collection and analysis of data

ZJTT

| i resentation
= Presentation of provisional research resuits
= (Collective reflection

Thinking and writing workshop .
* |nterpretation and discussion of results

* Development of a seminar paper based on the individual research
results

Submission of seminar paper and preparation of presentation
= |ndividual preparation of final presentation

Final presentation

Fig.5.1 Overview of sequences of the W-Seminar on regional/local implications of climate change
in Bavaria

processes. There are several good reasons to make use of an online-based implemen-
tation: one main argument is the close relation to students’ everyday lives, as most
of them are confronted with online media contents on a daily basis. Therefore, it can
be assumed that students not only show an affinity to such contents, but also basic
technical competences in intuitively handling them.

At the same time, in contrast to analogue forms, online modules offer the chance
to combine a wide range of learning materials (e.g. YouTube videos, audios, doc-
uments, hyperlinks to external databases, mapping services etc.) and thus different
approaches. The Onlinekurslabor of the University of Augsburg, within which the
modules have been realised, also offers the possibility of integrating a number of
interactive tasks (e.g. multiple choice questions, drag and drop tasks, cloze tests)
that already allow a certain amount of self-control in this first phase. As the con-
cept is intended to be used at many different Bavarian schools, the online platform
allows easy multiplication and the creation of a network for the participating schools.
Additionally, a didactic system that includes current scientific findings—which are
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indispensable to a topic such as climate change—should be constantly modifiable.
An online platform makes it possible to revise the content at a central point for all
users.

At this point, the online course laboratory includes modules on “General basics
of climate change”, “Climate change perception”, “Environmental protection”, “Cli-
mate change and forest ecosystems”, “Climate change related pollen pollution”,
“Phenology as an indicator of climate change” and “Climate change and tree line
changes”. Other modules on important anthropogeographic and physiogeographic
topics are currently being developed.

Development of Individual Research Questions and Planning of Data Collection
The development of individual research questions based on personal interests plays
an important role in inquiry-based learning (see Chap. 2.1). Accordingly, in a second
phase of the W-Seminar, students elaborate regionally embedded research questions
as well as suitable methodical designs based on their own ideas and interests that
they developed earlier on closer examination of the topic. On the one hand, creative
techniques can be used to help students further develop and/or narrow down their
topic. On the other hand, measures of structuring, orientation and support ensure the
emergence of a scientific research question. In addition, short application-oriented
“how-to” chapters on climate-related research methods in the online course labora-
tory help students to create an optimal matching between their question and survey
design.

Fieldwork

Based on the now established individual research questions, they start the actual
fieldwork in their own living environments comprising the processes of searching
and discovering, observing and measuring, inquiring and documenting, as well as
reflecting and analysing. Regular reflective and metacognitive approaches should
empower students to expand their thinking through their own inquiry as well as to
address the nature of science and their own epistemic beliefs. However, in such a sig-
nificantly self-controlled phase, constant individual support as well as the exchange
and cooperation in the peer group play a pivotal role. This is realised in the form of
regular meetings, in which central findings can be discussed. In order to satisty these
aspects in the best possible way, it is particularly important to allow sufficient time.
Due to the generous time frame of the W-Seminar concept, it is possible to allocate
around three months for the fieldwork.

Interim Presentations

An intermediary milestone are the presentations of the preliminary research results
that take place before the summer holidays. They fulfil several functions: On the
one hand, they mark a first success for the students, because by that time some data
has been collected, first findings are noted and preliminary interpretations are made,
which means that every student has already produced knowledge in a “raw form”.
On the other hand, the preparation and structuring of this knowledge also creates the
potential for further mental differentiations. Furthermore, drawing up a presentation
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is, at the same time, a precursory product, which sets the ground for the subsequent
learning phases. This not only serves as an orientation for the individual student,
but also gives the teacher supervising information about the progress of the respec-
tive research projects. Lastly, it should also be mentioned that these presentations
strengthen the students’ communication skills.

Scientific Writing and Thinking Workshops and Conclusion of the Seminar

The last third of the W-Seminar focuses on the written elaboration of the individual
research results in form of a term paper. Similar to the second phase of the seminar,
the students should be provided with different measures of support to work out a
written scientific paper comprising the necessary quality criteria. The central idea
is to bring the social dimension of the acquisition of scientific knowledge into the
classroom: Corresponding to symposiums, peer review procedures, interdisciplinary
research projects, postgraduate programmes and the like, which characterise the
scientific business as such, the students should perceive their own work as part of a
knowledge-building community (see Scardamalia and Bereiter 2006). Accordingly,
in this phase the individual inquiry is supplemented by regular seminar sessions
with a workshop character, which primarily serve joint reflections and discussions,
constructive criticism and mutual support. Besides the completion of the written term
paper, the conclusive stage of the research process will be a final presentation, which
gives the students the opportunity to present their results to an extended school public
and to exchange ideas with interested specialists.

First Insights

The pilot stage of the seminar concept started in September 2018 with 14 students
at a school in Augsburg. First experiences show that the following factors of the
learning environment are relevant to successful learning:

Social Interaction

In the context of the previous activities, the role of sufficiently high proportions of
social interaction became particularly obvious. This was especially evident in the
first phase while working with the online learning modules. Whenever students dis-
cussed contents of the learning modules in class, a respectable learning progression
and high level of motivation were apparent. Thus, several factors are potentially
important: Firstly, the verbalisation of thoughts in the classroom requires a mental
pre-structuring. Secondly, it could also be observed that the interrelated utterances
of students and the teacher had a catalysing effect on the development of a common
understanding. Thirdly, a classroom discussion establishes a particularly strong ref-
erence to everyday life. Although the learning modules were already designed with
regard to the proximity of the contents to students’ everyday life—e.g. by working
with regional examples or tasks that aimed at the student’s own experiences—in the
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vocal debriefings, students often resorted to self-selected current examples of spe-
cific local events or viral media issues. Moreover, in the context of oral interaction, it
is also possible to respond specifically to aspects that arise situationally. The desire
for opportunities for exchange and a compulsory backup of (intermediate) results
explicitly mentioned by the students stresses the considerable potential of classroom
discussions further. In contrast, stages in which students had to work autonomously
with the online modules for longer periods turned out to be unfavourable in respect
of progression and motivation.

Interaction of the Factual and Methodical Discussion

Especially in terms of motivation, but also in terms of the concrete comprehensibility
of contextual relationships, the close interconnection of technical and methodologi-
cal parts became obvious. With regard to opportunities in which students can learn
about a scientific method, or in which they can exemplarily apply it, indicators for
an increased curiosity and/or increased interest were observed. In addition, in such
situations, the students were particularly well equipped to grasp the thematic aspects
on the level of content that potentially could be explored with the respective method.
On the one hand, this can be justified by the combination of procedural and declar-
ative knowledge. On the other hand, the testing of a specialised method, such as the
microscopy of pollen of nearby plants, the measurement of climate parameters in the
schoolyard, or the interviewing of passers-by on campus, again establishes a rela-
tionship between scientific contents and genuine life-world situations. Accordingly,
it is not surprising that those phases, which are solely based on the processing of the
online modules, do not show comparable effects.

Measures of Guidance

The role of adequate measures of guidance, which has been emphasized for the
success of inquiry-based learning processes by earlier studies (e.g. Lazonder and
Harmsen 2016), could also be observed during the W-Seminar. Prompts and heuris-
tics proved very useful for the learner group who had not worked in this way before
and to foster students’ awareness of when and how to perform certain tasks and
actions. Especially in the case of specialised methods, detailed explanations were
used to guide the learners step by step towards the correct application of the method.
In order to allow students to focus on the contents only, the first interim presentations
were scaffolded, i.e. the corresponding Power Point presentations were pre-structured
on the basis of individual building blocks. Situations that lacked constraints and scaf-
folding turned out to be rather hindering for the learning process (for a detailed typol-
ogy of IBL guidance see Lazonder and Harmsen (2016)). In general, different forms
of support can be applied dynamically over the course of the seminar, as every phase
of the research cycle may require specific strong control measures. However, for
certain recurring inquiry skills such as communicating research results, the intensity
and specificity of guidance measures can fade out successively, as students improve
their competences during the course of the project.
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Additional Influencing Factors

Even though a corporate design for the materials may seem trivial, it proved to be
very favourable for the perception of identity and professionalism. Additionally, a
learning environment, which is tailored to the perspectives and needs of the students
and ascribes the teacher the role of a mentor and learning companion, turned out
to be profitable, as it entails a strong learner-orientation. Conversations with the
participating students also revealed that framing the concept with the Citizen Science
Approach as well as the close exchange with the university, promote the feeling of
participating in a superordinate societal task and thereby a sense of responsibility.

Conclusion

So far, experience with climate change education has shown that especially the factual
and ethical complexity of the field and the perceived spatial and temporal detachment
are key concerns. According to research findings, inquiry-based learning seems to be
a promising approach to deal with these difficulties, as it fosters (among others) self-
directed learning, critical thinking skills, the redesign of scientific misconceptions,
local action on global issues, as well as the development of a feeling of proximity and
perceived self-efficacy. The Augsburg IBL concept was designed to specifically fit
the needs of senior class climate change education. Based on first insights, it seems
suitable to achieve its intended goals. Nevertheless, important design principles that
should be followed to obtain the desired results could also be identified.
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