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ABSTRACT ARTICLE HISTORY
Climate change adaptation is a notorious example of a wicked Received 16 May 2020
problem. Teachers need to have extensive knowledge to design Accepted 24 December 2020
high-quality education that addresses the wickedness and contri- KEYWORDS

butes to wicked problem-solving. The components of the knowl- Wicked problems; climate
edge basis for teaching climate change issues can be highlighted change education;
with the Pedagogical Content Knowledge (PCK) framework. In the pedagogical content
international, interdisciplinary course EduChange, pre-service tea- knowledge; place-based
chers built their content knowledge and pedagogical content education; international
knowledge. They took part in a training week, where they explored course

issues related to climate change in different regions, acquainted

themselves with place-based education and fieldwork, and were

trained in educational design. Subsequently, they developed les-

sons for secondary schools. This paper describes the structure of the

course, and explores how it contributed to the development of the

PCK of the pre-service teachers. Survey data and interviews show

that the participants valued the course. Although the pre-service

teachers said the course contributed considerably to the develop-

ment of their PCK, the lessons developed varied in respect to the

wicked characteristics that were addressed and their potential for

stimulating progression in wicked problem-solving.

Introduction
The need for climate change education

Mitigating climate change is urgent and giant leaps forward are necessary to avoid
catastrophic climate change. Staying within a 2°C rise in global warming demands radical
changes to the way we produce and consume energy, food and other products, the way
we travel or build our homes. Besides mitigation, adaptation is also needed to reduce the
impact of climate change (IPCC, 2014).

According to Termeer et al. (2013), adaptation to climate change can be seen as
a “wicked problem par excellence”. After reviewing the literature about wicked problems
(e.g. Brown et al.,, 2010; Cantor et al., 2015; Jordan et al., 2014; Levin et al., 2007; Rittel &
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Webber, 1973; Termeer et al., 2013), we selected 11 wicked characteristics that, should be
addressed in secondary education about climate change mitigation and adaptation:

(1)

()
()

4)

(5)

(6)

(7)
(8)
)

(10)

(11)

Climate change mitigation and adaptation is a complex issue with natural,
technical, economical, societal, political and psychological dimensions, and is
therefore hard to define.

Climate change issues are connected to other issues, such as the need for housing,
food production, etc.

Climate change mitigation and adaptation requires infrastructural adjustments,
such as conducting flood protection measures, as well as societal changes, such as
increasing resilience among citizens.

Global warming affects regions in different ways, for example, resulting in an
increase in precipitation in one place and decrease in another place. Similarly, the
vulnerability and adaptive capacity vary from place to place (IPCC, 2014). The
effectiveness of measures also depends on the local conditions: there is no one-
size-fits-all solution. In short: the local context matters.

Climate change is an inequality issue. Both the causes and effects are unequally
distributed among income groups, and therefore also spatially. Besides this, poor
people and countries are more vulnerable to CC, and have a lower capacity to
adapt to climate change (Roberts, 2010). Furthermore, there is also intergenera-
tional inequality. Younger generations will be affected much more by climate
change than older generations.

There is a considerable amount of uncertainty in the risks (chances, times,
effects), vulnerabilities and effects of measures. As a result, adaptation measures
may lead to unforeseen consequences, creating a chain of change.

Mitigating and adapting to climate change is highly resistant to solutions. New
problems and solutions can emerge along the way.

Climate change issues have many stakeholders, who often have conflicting
interests.

People can have different beliefs about the causes and risks of climate change,
and the effectiveness of measures. They can also have different feelings about the
earnestness (how serious the problem is), the distribution of responsibilities
among stakeholders, and their capacities to take effective measures. This influ-
ences the willingness to act and support measures (see, for example,
Eurobarometer, 2019). The fact that climate change is an inequality issue adds
a moral dimension to people’s opinions.

People’s world view and several psychological mechanisms influence how people
judge information about the causes, risks and measures of climate change. As
a result, information about the need for adaptation, and possible strategies for
adaptation, is often contested.

Due to the wicked characteristics outlined above, there are many controversies
about what should be done.

Similar to the difference between knowledge-oriented “teaching about sustainability” and
change-oriented “teaching for sustainable development” (De Wolf et al., 2018), we can
distinguish between “teaching about wickedness” and “teaching for wicked problem-
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solving”. Karl et al. (2011) argue that the basis for tackling climate change is through
collaborative, flexible and integrated decision-making processes at multiple scales that range
from the local to the international. These processes require knowledge and skills among
citizens and policymakers, as well as political and social will. To make change happen,
awareness, a sense of urgency and of agency is needed. Climate change education can
contribute to the development of the necessary knowledge, skills and attitudes so that students
can become agents of change, as future consumers, policymakers, and social influencers (see,
for example, Feja et al., 2019; Hoftman, 2019; Israel, 2012; Kuthe et al., 2019). Addressing
young people as future citizens and policymakers, demands that education gives them insight
into the wicked problem of climate change, and develops the competencies to contribute to
solving climate change.

Although a clear theoretical framework of which competencies constitute wicked
problem-solving is not yet available, the literature provides some useful building blocks.
For example, Cantor et al. (2015) argue that wicked problem-solving requires the ability
to handle complexity, and to deal with unpredictability. This could be achieved by
developing students’ system thinking skills (Arnold & Wade, 2015). As climate change
issues contain many dimensions and are connected to other issues, it requires inter-
disciplinary thinking skills to solve them (Baerwald, 2010; Weber & Khademian, 2008).
This implies following an integrative, cross school subject approach (Brown et al., 2010;
Weber & Khademian, 2008).

As the local context matters, students should develop observation skills and curiosity
(Arnold & Wade, 2015), and skills in applying theoretical knowledge to real-world local
problems (Lopatto, 2003). Cantor et al. (2015) also argue that wicked problem-solving
requires collaboration skills (Cantor et al., 2015). This could be stimulated by letting
students work together, and to connect education with local stakeholders (Arnold &
Wade, 2015; Kindon & Elwood, 2009; Savin-Baden & Wimpenny, 2007).

Pauw and Beneker (2015) emphasize the importance of letting students think about
probable, possible and preferable futures. Scenario-thinking skills and imaginative think-
ing skills (Brown et al., 2010) are therefore also valuable competencies for wicked
problem-solving. Monroe et al. (2019) argue that wicked-problem solving requires skills
in reflecting on viewpoints of yourself and other people. Finally, Batty (2013) argues that
wicked problem-solving requires resilience in the face of setbacks and obstacles.

From this short overview, one can deduce the high demands set for climate change
education to effectively support the development of these competencies. To date, how-
ever, climate change education often focuses on the development of the knowledge
component, especially knowledge on the causes and mechanisms of climate change,
and gives little systematic attention to the skills and attitude components (e.g.
Bosschaart, 2019). Furthermore, education is often rather “traditional”: teachers are
providers of knowledge and schoolbooks present fixed futures (Pauw & Beneker,
2015). As a result, young people perceive climate change as something abstract and
distant (Bosschaart, 2019). Moreover, students do not learn how to handle unpredict-
ability, and may not feel that they can be agents of change.

After a systematic review of literature on climate change education, Monroe et al.
(2019) conclude that it is important to bring climate change close to students: to engage
them and to make it personally relevant for them. Climate change education should
therefore focus on the visible effects of climate change in the daily environment of
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students, and focus on effects that can be noticed, such as water issues. Heavy rains can be
observed and affect people directly. The same applies to flood protection measures.

Fieldwork and place-based education can give students insight into the wickedness of
climate change adaptation issues, and develop competencies in wicked problem-solving.
Fieldwork encompasses “any component of the curriculum that involves leaving the
classroom and learning through first-hand experience” (Boyle et al., 2007, p. 300). Many
authors in this journal have stated how fieldwork is essential to teaching geography. It is
often emphasized that fieldwork can facilitate learning, for example, by connecting
theory with the real geographical world outside, and by connecting cognitive with
affective processes (Dummer et al., 2008; Dunphy & Spellman, 2009; France & Haigh,
2018; Hope, 2009; Kent et al., 1997; Nundy, 2001; Peacock et al., 2018; Scott et al., 2006;
Wilson et al,, 2017). When well planned and executed, fieldwork can lead to deep
learning (Dummer et al., 2008; Oost et al., 2013; Reilly et al., 2016).

Fieldwork confronts students with the real world and trains them to observe (compe-
tency 1) and to apply theoretical knowledge to real-world situations and problems
(competency 4). Fieldwork that moves beyond classic, teacher-led “look-see” tours to
more student-centred approaches allow students to practice social skills (competencies 5
and 6) as well and can contribute to personal development (competency 9).

Place-based education recognizes the importance of local knowledge and lived experi-
ences for learning, forging connections with the local community and aiming to create
critical active citizens (Gruenewald, 2003, 2008; Israel, 2012; Smith, 2002; Sobel, 2005).
According to Davis and Thompson, J. (2013), place-based climate change education can
lead to deeper understanding of the issues as place-based education can “use place as
a medium; and connect that place to emotional and social meanings through messages
about localized impacts of climate change” (Davis, 2014, p. 65). Moreover, place-based
education aims to connect students with local environments and instil in them a sense of
agency and engage them to take part in local action to solve environmental and social
issues (Khadka et al., 2020; McInerney et al., 2011). As such, place-based approaches can
help overcome the many challenges climate change educators face (Littrell et al., 2020).
Inherent in place-based education is therefore the connection to local stakeholders and
the confrontation with several perspectives and knowledges (competencies 5 and 6).

The competencies needed to design and conduct climate change education

This brief overview demonstrates the high demands put on teachers. They need to
develop an extensive knowledge base to be able to design and carry out effective climate
change adaptation education. According to Shulman’s (1986) Pedagogical Content
Knowledge (PCK) framework, (future) teachers need to have knowledge in the fields of
Pedagogy (P) and Content (C), and knowledge at the intersection of these fields. First,
they need generic Pedagogical Knowledge (PK), which includes knowledge about how to
design and conduct lessons in general. In addition, they need to understand the impacts
of climate change and how this varies from place to place, and have knowledge about
adaptation measures. This can be seen as Content Knowledge (CK), also called Subject
Matter Knowledge (SMK). PK and CK alone do not define a good teacher. Teachers also
need to develop a specific kind of knowledge at the interplay of Pedagogy and Content,
which Shulman named Pedagogical Content Knowledge (PCK). The PCK framework has
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Pedagogical Knowledge (PK): | know how to teach kids in general Content Knowledge (CK): | know about local climate change and water issues

Ped ical Content Knowledge (PCK): | know how to teach kids about local climate change and water issues via place-based education
Component Explanation

1: “Orientation” Awareness of one’s own beliefs about the purposes of teaching about local climate change and water issues
2: “Curriculum” Knowledge about the position of climate change and water issues in the curriculum

3: “Student understanding” Knowledge about preconceptions and attitudes of students regarding local climate change and water issues

4: “Instructional strategies” Knowledge about how to transform knowledge about local climate change and water issues so that it becomes
accessible for students, how to design place-based education tasks, and how students learn when they work on
these tasks

5: “Assessment” Knowledge about how to assess students’ progression in knowledge about local climate change and water issues

Figure 1. Shulman’s (1986) PCK framework, specified for teaching about climate change and water
issues via place-based education.

subsequently been refined by several authors (Fernandez, 2014). Magnusson et al. (1999)
identified five components of PCK: “orientation”; “curriculum”; “student understand-
ing”; “instruction strategies”; and “assessment”. In Figure 1, we specified the PCK
framework for teaching about climate change and water issues via placed-based
education.

Aim of this paper

The PCK of pre-service teachers in geography and environmental education has been
studied by several authors (e.g. Blankman et al., 2015; Clausen, 2017; Injeong & Bednarz,
2014), but not yet in relationship to teaching wicked problems such as climate change.
This paper describes the design of a course called EduChange, which focused on teaching
climate change adaptation issues, and explores the development of the PCK of the pre-
service teachers during the course. It does so by systematically explaining the design of
the course in relation to the pre-service teachers’ PCK and the wicked characteristic that
climate change education should tackle.

Characteristics of the EduChange course
Overall design

The EduChange course was set up by ten lecturers and teacher trainers from universities
in Olomouc (Czech Republic), Malta, Trondheim (Norway) and Utrecht (Netherlands)
in the form of an Erasmus+ partnership. It was designed for students in geography,
science and environmental education at the four universities, in order to equip future
teachers with knowledge, skills and attitudes to teach climate change and water issues at
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secondary schools, and to innovate pre-service teacher education. Each year, there was
place for six to eight students from each university - ensuring a mixed group: interna-
tional and interdisciplinary.

The pre-service teachers participated in a training week in February (Table 1), during
which they met in Olomouc (cohort 1, 2018), Malta (cohort 2, 2019) or Utrecht (cohort 3,
2020). The program consisted of lectures, workshops, fieldwork and social activities. In
March and April, the pre-service teachers designed lessons in pairs or triads, and
implemented them in local secondary schools. The whole group of pre-service teachers
met again in May in Trondheim (cohorts 1 and 2) or online (cohort 3) to share their
experiences and reflect on their lessons, and to expand their knowledge by following
follow-up workshops and fieldwork. In between the three cohorts, the program of the
course was adapted on the basis of evaluations among participants and experiences of the
EduChange team. Table 2 summarizes the activities of the final design of the EduChange
course in 2020. The following sections highlight some important characteristics of the
design. Subsequent sections explore how the EduChange course contributed to the PCK
of the participants.

Internationalization

Research on the development of PCK of science teachers showed that a coherent basis of
CK is a prerequisite (Sanders et al., 1993). The development of this CK about spatial
variability in climate change and water issues (the fourth characteristic of wickedness)
was stimulated via activities, such as a research poster assignment, lectures and fieldwork.
In the latter two, attention was paid to the wickedness of the problem, although the 11
wicked characteristics were not addressed explicitly.

An important assumption of the EduChange course was that internationalization
would allow pre-service teachers to experience how climate change and water issues
vary between the four countries and that this would add to their understanding of the
whole issue (see the fourth characteristic of wickedness). The differences between the
four countries are profound, regarding the type of climate change threats, the vulner-
ability and adaptive capacity. As the inhabitants of these countries face different issues,
they have different perspectives on climate change (the ninth characteristic of wicked-
ness). In the EduChange course, internationalization was therefore not just about seeing
and hearing about other places, but also about meeting and discussing climate change
with fellow students from different places.

Table 1. Design of the EduChange course.

Cohort February March April May June

1(2018) Training week Designing lessons in  Testing lessons in  Reflection week in Wrap up
in Olomouc home countries home countries Trondheim

2 (2019) Training week Designing lessons in  Testing lessons in  Reflection week in Wrap up
in Malta home countries home countries Trondheim

3 (2020) Training week Designing lessons in Testing lessons in  Online reflection week Wrap up

in Utrecht home countries home countries (due to Covid-19)
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Interdisciplinarity

Due to the complexity of the issue (the first characteristic of wickedness), teaching
climate change requires an interdisciplinary approach. We therefore recruited pre-
service teachers with different backgrounds, in particular from geography education,
environmental education, science education, environmental sciences and geospatial
technologies. The future teachers shared an interest in climate change and sustainability,
a perceived urgency to act upon climate change and a desire to reach young people with
these messages. Each participant brought in their own expertise, their CK thus varied. All
participants were acquainted with fieldwork methodologies specific to their disciplines —
this is also part of CK. Finally, about a quarter of them had previous experience with
secondary education, and therefore possessed some PK and PCK. During the training
week, we let participants from different backgrounds work together in teams, so they
could share and combine their knowledge.

As the process of conducting research provides opportunity for learning (Brew, 2012),
we gave the pre-service teachers in cohorts 2 (2019) and 3 (2020) a small literature
research project studying a regional climate change or water issue. The assignment
included literature review, an abstract, peer review, and a poster presentation. Posters
can form a creative alternative to papers. When developing posters, “students crystallize
their own arguments” (Lynch, 2017, p. 638). In the second cohort, students were free to
choose a topic and region. To make the task more relevant, students in the third cohort
were instructed to focus on an issue in their own country. The pre-service teachers chose
topics such as the risks of climate change induced landslides in the Trondheim area, sand
supplementation on the Dutch coast, flash floods in the Czech Republic, and salinifica-
tion of groundwater in Malta. During the training week, participants presented their
posters in a symposium and discussed the differences in the effects of climate change and
in adaptation policies between countries.

Fieldwork and place-based education

As seen in the “Introduction” section, fieldwork and place-based education can be instru-
mental in providing students with insight into various characteristics of wickedness of
climate change adaptation, and develop several wicked problem-solving competencies.
Therefore, between a third and a half of teaching hours of the training and reflection
week were spent out in the field, with the aim to increase the future teachers’ knowledge
about climate change and water issues as well as their knowledge about fieldwork meth-
odologies (which are both CK). The fieldwork was always connected to the broader issue of
how climate change affected water issues, and how to adapt to the effects. During fieldwork,
visiting pre-service teachers could learn from experiencing new places, while the pre-service
teachers of the host institute could see their country through the eyes of strangers.
Fieldwork varied from teacher-led “look and see” excursions to inquiry-based field-
work (cf. Oost et al., 2013). Although student’s experiences of fieldwork partly depend on
what can be seen at the site and practical issues such as weather conditions, it seemed that
the participants valued the student-centered fieldwork higher than the teacher-led
excursions. During such excursions, we noticed that half of the group was not actively
paying attention. Small research tasks, on the other hand, activated them. In order to
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keep students involved and to contribute to deep learning, we decided to include many
research tasks in the fieldwork in third cohort 3 (2020).

After the fieldwork, we discussed the characteristics of the fieldwork design with the
students, and explained how we tried to make the fieldwork relevant, consistent, practic-
able and effective. Furthermore, a part of the group participated in a half-day workshop
on place-based education. In such a way, we hoped that they would develop knowledge in
the “instructional strategies” component of PCK.

Connection to preconceptions

Climate change education can only be effective when it tunes in to its audience (Kuthe
et al,, 2019). In the training week, we therefore included a presentation about how young
people think about climate change, based on international research. This concurs with
Van Driel et al. (1998) recommendation to let pre-service teachers study preconceptions
of secondary students. The presentation focused on psychological mechanisms related to
climate change perceptions such as distancing, delay discounting, and the discrepancy
between opinions about the severity of the problem and willingness to act (see, for
example, Bosschaart, 2019). This connects to the ninth characteristic of wickedness.
Furthermore, we discussed how to overcome this problem, and stimulate young people
to feel the urgency and become agents of change. This aimed to build knowledge in the
“student understanding” and “instruction strategies” components of PCK.

Learning from designing, conducting, reflecting and sharing

An important part of the EduChange philosophy was that the participants would put the
knowledge and skills they gained during the training week into practice. We therefore let
them work in small teams and design lessons about climate change and water issues for
their local school. The transformation of roles - from taking part as students to becoming
teachers requires a transformation of CK and operationalisation of PCK.

An important observation we made as lecturers after the first cohort 1 (2018) was that
many pre-service teachers needed more guidance and support in educational design.
A couple of them already had some experience, but most did not. We observed how some
of them struggled with formulating clear learning objectives and thus stuck to the official
curriculum as their guideline, others were focused on practicalities or put more
emphasise on the format than on the objectives or content. We therefore included a half-
day workshop in the training week of subsequent cohorts, which mainly focused on
formulating learning goals, transforming content into content for use in educational
setting, and designing challenging tasks. This connected to the “instruction strategies”
component of PCK.

Several authors (e.g. Magnusson et al., 1999; Sobel, 2005) argue that PCK especially
develops with (reflection on) experience. We therefore let the pre-service teachers
conduct their lessons. As reflection (Park & Oliver, 2008) and sharing experiences
(Dogan et al.,, 2016) can significantly contribute to the development of PCK, the pre-
service teachers also had to evaluate their lessons, and present their findings during the
reflection week in May. Afterwards, participants revised the materials. The revised
materials are available via http://educhange.net.
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Reflection was stimulated in the reflection week with the help of two interactive
lectures, one on methods of education for sustainability and another one on how to
assess progression in students’ thinking. Both lectures stimulated the pre-service teachers
to think not only about cognitive but also about affective and conative learning objec-
tives, and therefore connected to the “orientation” and “assessment” components
of PCK.

The reflection week of the second and third cohorts (respectively 2019 and 2020) also
included a presentation about the “Curriculum of the Anthropocene”, which challenged
the pre-service teachers to reflect on what they would like to achieve in education about
climate change and why. Doing so, we tried to make future teachers more aware of their
own beliefs about the purposes of teaching climate change, which falls under the
“orientation” component of PCK.

Methods

The EduChange course thus aimed to contribute to pre-service teachers’ CK and PCK in
several ways. In order to gain insight into how the participants developed their knowl-
edge basis and to evaluate and improve the program, several types of data were gathered.
This paper analyses the data gathered in the third and final cohort (2020), to evaluate the
learning of the pre-service teachers who participated in the EduChange course.

First, the posters created by the pre-service teachers were analysed. For each poster, it
was analysed which of the 11 characteristics of wickedness outlined in the introduction
section were addressed, and to what degree students were able to solve the wicked
problem. As the posters were made before the start of the training week, they can be
seen as a pre-test.

Second, observations were made by the EduChange team during the activities focusing
on what students said and did, in relationship to the tasks. Observations about students
learning behavior were supplemented by informal conversations with students during
the program and semi-structured reflection sessions at the end of the training week and
reflection week. The observations and utterances of reflection were registered in logbooks
and discussed with the other team members.

Third, online surveys were conducted at the end of the training week and reflection
week. Students were asked to rate the different activities (field work, workshops etc.).
They also had to rate in which degree the characteristics of the program (internationality,
interdisciplinary, fieldwork) had contributed to their learning, and asked to explain their
answer.

Additional survey questions were included in the survey conducted at the end of the
reflection week, in which the participants were asked to rate the contribution of the
course to the development of their knowledge and skills in the different components of
PCK on a 1-5 Likert scale, followed by open questions in which students were asked to
explain what contributed most to the development of their knowledge and skills. The
results of the additional survey questions were discussed in online focus group interviews
with all participants, in which the pre-service teachers were asked to further explain their
answers.

Fourth, the lessons created by Dutch and Norwegian students were analysed by
searching for characteristics of wickedness that are addressed, and wicked-problem
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solving competencies that are stimulated. As the lessons were the end products made by
the participants, they can be seen as a sort of post-test. The lessons of the other students
were not analysed, as the authors of this paper do not speak Czech or Maltese.

Results
Analysis of the posters

Although all research posters dealt with highly wicked local or regional climate change
issues, the student pairs and triads addressed only between three and six characteristics of
wickedness in their posters (Table 3). The complexity of the issue and connection with
other issues was addressed in every poster. The most frequently mentioned other
problems were the increased need for housing and pressures on the ecosystem. Six
posters addressed the importance of the local context, making a comparison with other
regions, or explaining how the measures were tuned to the specific characteristics of the
water system in this region. Other characteristics of wickedness were only addressed in
a limited number of posters, or not addressed at all.

The EduChange team tried to raise group discussions connected to the poster pre-
sentations to a higher level by asking questions related to characteristics of wickedness
that were not addressed in the posters. It turned out that some students were aware of
these characteristics of wickedness, but had not included it in their posters.

Perhaps higher learning outputs could have been achieved when students were given
the task to explicitly reflect on the wicked characteristics of the issue beforehand, when
they carried out their research and developed their posters. However, this may be less
motivating than more open tasks. The question of what the right amount of structure is
has not yet been solved.

Evaluation of the course (based on surveys, interviews and observations)

Fieldwork received the highest scores of all activities in the course in cohort 3 (Table 2).
In the open questions, about half of the pre-service teachers said that the fieldwork was
interesting, illustrative and fun and pointed at the pedagogical benefits of fieldwork in
general: “It is one thing to read about it, and another thing to experience it.” Of the
particular method applied during the fieldwork at the River Rhine, one pre-service
teacher noted that “the method motivated me to pay attention and try to understand
what we were looking at.”

At several instances, we observed that the confrontation in the field with the “otherness”
(e.g. France & Haigh, 2018) contributed to their learning. Students were confronted with
unfamiliar landscapes and different climate change issues from home. At times, partici-
pants had to overcome some disbelief. In cohort 2 (2019), the issue of expansion of forest to
higher altitudes in the mountains around Trondheim initially led to surprised responses
from the participants from other countries and even jokes of it being a non-issue. There was
similarly laughter when Dutch participants saw projections of the impact of 7 m sea level
rise for Trondheim (“You are worried about maybe 100 houses. But for The Netherlands,
this would mean that 10 million people would have to move!”). In cohort 3 (2020),
participants from Norway, Malta and Czech Republic found it strange to see new houses
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being built at 7 m below sea level in the Western part of the Netherlands. However, the
initial giggling was often followed by questions geared at clarification and gaining deeper
understanding. Likewise, questions from the lecturer, such as “What if you had a job, family
and friends in this town: would you buy a house here?”, led to interesting discussions. It was
at these moments that the wickedness of the issues at hand clearly surfaced: conflicting
interests, and the absence of solutions that satisfy everyone. Some pre-service teachers said
that experiencing these places in the international and interdisciplinary group made
a difference for their learning. For example, a Czech student explained, “During the
discussions, you can hear other opinions. See different perspectives. That made the field-
work important”.

Although the virtual fieldwork in the online reflection week was designed by teachers
who had considerable experience with VR fieldwork, they scored lower than the real
fieldwork (Table 2). Three students noted that the impact was less than that of a real
fieldwork, or that the experience could not compete with actually seeing a place. It is
more difficult to address the affective component in a virtual fieldwork, and more difficult
to organize interaction in an online environment. Perhaps higher outcomes can be
achieved when 360-degree photos from several years are used, so that participants
could investigate how places change over time as a result of climate change or of
adaptation measures. Unfortunately, such time series were not available.

The pre-services teachers said that the literature research and poster presentation task also
contributed to development of understanding that the local context matters in climate change
adaptation issues. In the focus group interviews, one pre-service teacher noted, “The sympo-
sium was a great way of getting insight into every country’s individual water issues. I liked the
distribution of time: a little bit for presentations, a lot of time for discussion”.

Three interactive lectures also stood out in terms of enthusiastic response by the partici-
pants. One pre-service teacher explained, “I really enjoyed learning about attitudes and it
gives an important perspective for the designing of our lessons later on”. In their lessons,
some explicitly connected with the perceptions and preconceptions that prevent people from
taking climate change seriously. Both the lecture on assessment and methods for ESD made
students aware of a need to go beyond cognitive learning objectives. After the lecture on
assessment, one student felt that the lecture had given her “words and ideas” that matched
with what she felt she wanted to achieve with climate change education.

Evaluation of knowledge development (based on surveys and interviews)

Table 4 shows how the participants valued the contribution of the EduChange course for
their development of knowledge and skills in the different components of the PCK
model. The table shows that the pre-service teachers especially valued the course as it
showed them how climate change can have different effects in different places (X = 4.8).
A Czech student explained the benefits for education: “It’s good to have these insights.
I feel more confident now in teaching, I have examples now.” A Maltese student noted, “I
think it is really important to show kids that we cannot look for the same solutions at
every place, because it doesn’t make any sense. The effects of climate change are so
diverse. Different people need to change their lifestyle, but in different ways.”
Internationalization thus added to the development of their CK, and also provided
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ideas on how to use the geographic knowledge in educational settings, which is part of the
“instruction strategies” component of PCK.

The pre-service teachers indicated that the project contributed to the development of
their vision about what they want to achieve with climate change education and why they
want to achieve that (X = 4.3), although the program did not contain any activities that
explicitly focused on the “orientation” component of PCK. The educational lectures,
especially the one about the Anthropocene, were mentioned 12 times as important
activities for the development of their vision. One pre-service teacher explained, “The
information [in the lecture about the Anthropocene] was not new to me, but now
I realized that we shouldn’t tell the children a simple black and white story. Climate
change is a complex issue. And we should make sure that kids realize that.”

The knowledge development in the “curriculum” component of PCK was limited,
with an average score of 3.0. This is probably because the pre-service teachers were not
explicitly stimulated to investigate the position of climate change in the National
Standards. Still, 5 (out of 28) mentioned that they had done so when they designed
lessons. Four other pre-service teachers said that they learned a lot from discussions in
peer groups. This was further explained in the interviews: “From talk with other students
I learned that our curricula have different ways of approaching nature”; “It [discussions
with peers] did make me think about how the lessons in different countries are similar or
very different.”; and “I now see some more connections between climate change and
other subjects. It [climate change] is a very intersubject topic connecting geography,
biology, history, physic, chemistry and math.”

Regarding the component “instruction strategies”, the pre-service teachers felt that
they learned to transform content about climate change and water issues so that it
becomes available for use in educational settings, and to design in-class and fieldwork
tasks (X = between 4.0 and 4.6). However, they gained less knowledge about how the
tasks work out in practice (X = 3.4, Stdev = 1.2). The low score can be explained by the
COVID-19 crisis, due to which most pre-service teachers had to test their lessons online,
or cancel the tests. When asked what contributed most to their learning, they mentioned
a wide range of activities. Designing and discussing lessons with peers and teachers was
mentioned 10 times in total. One Czech student said, “Especially designing lesson plans,
and getting feedback from peers and teachers was valuable”. The workshops (7x) and
educational lectures (6x) were also mentioned. A Norwegian student explained, “I
learned about the need to connect to local context, and to address psychological distan-
cing. I knew about distancing before from environmental psychology, but not how to deal
with it”. Furthermore, four participants mentioned the fieldwork in the EduChange
program, as they provided good examples. The pre-service teachers valued the debrief-
ings of the fieldwork: “The discussion about the methodology in next morning was
a good addition to think about setting up fieldwork”. In such a way, the fieldwork had
a modelling function.

Regarding the fifth component of PCK, “assessment”, most pre-service teachers said
that the lecture about assessment contributed most to their learning. Moreover, seven
participants mentioned that they had learned a lot from talks with teachers.

In the surveys conducted after the training and online reflection week, the item “Being
in an international group was an added value for the learning experience” scored on
average respectively a 4.6 and 4.4 on a 1-5 Likert scale. The focus group interviews



Table 5. Analysis of the final design of the lessons developed by Dutch and Norwegian pre-service teachers in cohort 3 (2020).

Wicked problem-solving competencies

Wicked characteristics

that are addressed

that are addressed

JOURNAL OF GEOGRAPHY IN HIGHER EDUCATION 613

|p10L
$)2Dq335§022DjaYuUBIISIbUIRY (6
sjiysbup uIyI0LDUBIS (8
sIsbunjuIyIswalsAs (/
SIUj0dMaIAUOBUNI2|aIUISI|INS (9
s|p{suonpI0qo|jod(§
abpajmounypa13a10ayibuiiddoursyiys (¢
syysbunuyKipuldisipiaiul (s
stiysbupjuiyianpuibow(z
sjinysuonLAIaSqO (1

|p10]
aUOpagpNoYsILYMINOqDsaIsIano3uo) (| |
uonpuwiojuljoburysauod (0|
sBUlj23)puDsalj2q1ua1a4id (6
sysasa3utaidin (8
SUOIINJ0S032OUDISISAY (£

Auuadun(9

anssifiipnbau(s
$1913DWIX3U02[P207 (1
2bUDY2|DI2I20SSD|[aMSD[DINIINISDAUIS2AINbAY (€
SaNSsLIaYI0YMUOIIIULOD (7

anssixajdwo) (|

Lesson title

Group

Reducing flood risks in the Gelderse Vallei

Netherlands 1

X
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supported the survey data. In one focus group, members discussed the benefits inter-
nationalization had for widening their point of view. A Maltese student explained, “It
helped to see different practices in different countries”. A Czech student added, “So many
new ideas and points of view! It seemed to me that I was stuck in the one point of view
and didn’t see other. It opened my eyes for sure”.

Analysis of the lessons

The lessons developed by the pre-services teachers also provide insight into their learn-
ing. One Dutch group designed a series of three lessons in which students investigated
flood risks in their own environment. Students were subsequently divided into four
groups, and each group was connected to a scenario for reducing the flood risks: (1)
prevention, (2) flood impact reduction, (3) migration to less flood-prone areas and (4)
organised evacuation. Each group had to work out a plan for their scenario, using various
resources provided by the teacher.

The second Dutch group designed three lessons in which students investigated water
safety issues in different places, using digital maps, satellite images and 360-degree
photos. One Norwegian group focused on quick clay landslides, and the question how
to control these geohazards. They designed a tour along the Nidelva River in Trondheim
with tasks in a fieldwork booklet, using geologic maps, historic maps and geohazard risk
assessment maps. A second Norwegian group designed a lesson series on rainwater
retention using a Storymap and a virtual walk in the pupils own neighbourhood, using
Google Maps and Streetview, make screenshots, add interpretative texts about what can
be seen, and share it in a Padlet with the rest of the class.

Table 5 shows the characteristics of wickedness and the wicked problem-solving
competencies that are addressed in the lesson series. All four groups paid attention to
the complexity of the issue and its connectedness with other issues (characteristics 1
and 2), and to the need for technical solutions as well as societal change (characteristic 3).
Every lesson series made clear that the local context mattered (characteristic 4). The other
characteristics of wickedness were not addressed, or addressed by one of the four groups.
Perhaps these characteristics are more difficult to include in place-based education, or the
lesson series were just too short to include more wicked characteristics.

The lessons paid attention to three to six wicked problem-solving skills. The more
difficult scenario thinking skills, imaginative thinking skills and skills in reflecting on
values were addressed only in the lesson series of the first Dutch group. This lesson series
contained a task in which students had to design adaptation solutions themselves, a task
at the cognitive level of “creating” according to the revised Bloom Taxonomy. The other
three lesson series included elements of exploration, but the boundaries were set. They
aimed to stimulate understanding of common adaptation practices, and not so much to
develop competencies needed to participate in adaptation. So, in short, the lesson series
of the first Dutch group can be seen as an example of “education for wicked problem-
solving”, while the other three lesson series can be classified as “education about
wickedness”.
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Discussion and conclusion

The EduChange course aimed to equip pre-service teachers from four European countries
with the competencies to teach the wicked problem of climate change adaptation. The
interdisciplinary international approach and the inclusion of literature research and poster
presentation tasks and many fieldwork activities were appreciated by the participants and
helped them to develop Content Knowledge (CK). The confrontation with the “otherness”
(e.g. France & Haigh, 2018) was valuable for learning, not only because pre-service
teachers saw things different from what they knew but also because they were confronted
with different perspectives and shared experienced in conversations with each other.

Teaching about climate change adaptation, however, also requires Pedagogical Content
Knowledge (PCK). We therefore included a diverse range of workshops in the training week.
The pre-service teachers subsequently developed lessons and conducted them in a local
secondary school. During reflection week, participants met again and shared their experi-
ences. Surveys and focus group interviews showed that the future teachers were positive about
the course, and that it contributed to the development of their PCK. However, contrary to the
literature (e.g. Magnusson et al., 1999; Sobel, 2005), the surveys showed that students
considered the formal education (lectures, workshops, fieldwork) more important for the
development of their PCK than designing, conducting and reflecting on their own education.
Perhaps this is because the formal activities were strongly connected to teaching practice, and
were characterised by many discussions about the implications, and reflection on experiences.

The four analysed lessons developed by the pre-service teachers addressed between 4
and 7 of the eleven characteristics of wickedness and between 3 and 6 of the eight wicked
problem-solving competencies. One of the lessons clearly falls under change-oriented
“education for wicked problem-solving”, while the other three lessons fall under the
knowledge-oriented “education about wickedness”.

A big question is whether to address the characteristics of wickedness and the wicked
problem-solving competencies implicitly or explicitly in teacher training. As EduChange
was a pre-service teacher training course and as the participants were relatively new to
teaching, we decided not to overload them and to follow an implicit approach. But for in-
service teacher training courses, it might be more effective to choose an explicit approach.

During the EduChange project, the team was confronted with several challenges from
conceptual, design and practical nature. Although the practical issues, such as delays from
traffic jams, bad weather conditions and the Covid-19 lockdown impacted the program, staff
and participants were flexible and worked around such issues. Other challenges lead us to
conclude that climate change education can be seen as a wicked problem in its own right (cf.
Jordan et al., 2014):

(1) There is no clear definition of what should be the focus of climate change
education. There are multiple interpretations about which competencies young
people should develop, depending on the point of view.

(2) The problem is characterized by many interdependent components. Climate
change education involves not only the wicked problem of climate change itself
but also the educational setting (e.g. the curriculum and educational vision of the
school), the societal setting (e.g. influence of media, parents and friends on
students’ perceptions about climate change), and psychological processes such
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as distancing and delay discounting. Also, it requires professionalization of
teachers - not only the development of CK and PCK but also more general
collaboration skills and entrepreneurial skills.

(3) The problem is characterized by interdependencies at different scales. As
climate change itself crosses many disciplines, climate change education also
requires an interdisciplinary approach. Teachers of different school subjects
(with different CK and PCK, including different orientations) should work
together. So, climate change education connects the microscale (lesson) and
mesoscales (school curriculum). The National Standards (macro scale), which
focus on knowledge and not on attitudes, influence climate change education at
meso- and microscale.

(4) Climate change education is not connected to one school subject, which makes it
difficult to position responsibility.

(5) There is no definite solution to climate change education. As climate change
issues evolve, and the educational and societal context is also subjected to
changes, educators are forced to focus on a moving target.

(6) There is no single true approach to climate change education. Whether the
approach can be viewed as “good” or “bad” depends on one’s orientation towards
climate change education.

(7) Organizing high-quality climate change education requires not only competent
teachers, but rather the synergy between many different stakeholders: teachers,
teacher trainers, parents, educational policymakers, local communities, water-
boards, climate change researchers, educational researchers, etc.

(8) Attempts to enhance climate change education can lead to broader educational
change, for example, towards cross-curricular education and inquiry-based pedago-
gical approaches, the diffusion of technologies in classrooms, and stronger connec-
tions between education and local stakeholders (e.g. communities and water boards).

(9) Such changes can be resisted or encouraged, according to circumstances at the
school.

(10) There is no single approach to climate change education. Instead, we can only
attempt to fit climate change education with the context.

In the EduChange project, we tried to tackle these challenges and search for a solution that fits
the context. The wickedness of the issue prevents a simple copy-paste of EduChange activities
to other pre-service education contexts though. However, during the three cycles of design-
ing, testing and evaluating, we developed many ideas on how to train pre-service teachers in
teaching climate change as a wicked problem, and we hope that will be explored further and
help enhance the education of future teachers.
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