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Latest findings of the IPCC highlight the fact that there is an urgent need for climate
action on both individual and societal levels, because political regulations and technical
advances just would not be enough to counter climate change. Acknowledging young
people’s role as present and future decision-makers, their engagement is absolutely
imperative in order to achieve Sustainable Development Goal 13, “Climate Action.”
Therefore, new methods of teaching and learning are necessary, and they need
to encourage transformative learning, which, it is assumed, will lay foundations for
transformative engagement. Research in the field of science education credits scientific
literacy vision III as fostering transformative learning and engagement. In this study,
transdisciplinary education is analyzed as a promising concept that enables exchange
of knowledge, experiences, and perspectives between students and scientific partners
while they jointly complete research on real-world issues. A quantitative analysis
capturing scientific literacy and transformative engagement for climate action of Austrian
and German secondary school students (N = 162) is carried out alongside a literature
review. This study reveals that the didactical concept of transdisciplinary education
notably contributes to the implementation of scientific literacy vision III as well as
vision II. According to the results, the three visions of scientific literacy are predictors
for transformative engagement for climate action, assuming to be preceded by a
transformative learning process. These encouraging findings need to be replicated by
further scholars in other contexts.

Keywords: climate action, quality (science) education, sustainable development goals, transdisciplinary
education, scientific literacy, transformative learning, transformative engagement

INTRODUCTION

Anthropogenic climate change (CC) is one of the Grand Challenges of the 21st century and the
most prominent Planetary Boundary world society has to tackle (Steffen et al., 2015, 3–6; IPCC,
2018, V–VI). Visible CC consequences like increase of extreme weather events, such as drought
and extreme heat in North America and Siberia, and heavy rains and flooding in Asia and Europe
during summer 2021, demonstrate that CC is not only a future issue (Ciavarella et al., 2020, 21;
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Schäfer et al., 2021, 14; Philip et al., 2021, 1–2). Increase of
human interference with nature has become so intense that the
age we live in has been designated the “Anthropocene,” the age
of mankind (Crutzen, 2006, 13; Zalasiewicz et al., 2017, 56).
Nevertheless, world societies not only share responsibility for
the climate crisis but also have a significant role in mitigating
and adapting to CC (IPCC, 2018, V; O’Brien, 2018, 154). Young
people, in particular, hold an important position, since they are
the ones who will be increasingly affected by CC consequences
during their lifetime. Their role as decision-makers of today
and tomorrow, as well as their active engagement is critical to
sustainable development (Corner et al., 2015, 523). In order
to “limit global warming to well below 2, preferably to 1.5
degrees Celsius,” the aim of the community of states in the
Paris Agreement 2015 (UNFCCC, 2015), political regulations
and financial investments, as well as scientific and technological
breakthroughs, are necessary, but they alone are not enough
(UNFCCC, 2015; Barnosky et al., 2016, 1). To maximize the
success of meeting all these requirements, there is an urgent
need for change, a transformation within the personal sphere,
including beliefs, values, world views, and, more than anything,
individual and collective actions for a climate-friendly future
(Rockström et al., 2017, 1,269; O’Brien et al., 2018, 155–57).

Recently, there has been yet another call for education to
not only produce knowledge but to also raise awareness on
today’s challenges and sustainable actions as well as to empower
learners to develop key competencies like critical thinking,
systems thinking, integrated problem-solving, and collaboration
competency, as well as values to engage for sustainable
development (WBGU, 2011, 352–58; UNESCO, 2017, 2021, 17).
In this context, the role of transformative learning, which can
be defined as “learning that transcends habitual thought patterns
and behavior through deep learning that changes frames of
reference, assumptions, and habits of mind” (Klein, 2018, 13)
or, in Mezirow’s words, learning “that transforms problematic
frames of reference—sets of fixed assumptions and expectations
[. . .]—to make them more inclusive, discriminating, open,
reflective, and emotionally able to change” is discussed (Mezirow,
2003, 58). Consequently, this kind of learning is considered to
be a powerful tool to create change and to promote individuals’
transformative engagement (Mitchell et al., 2015, 88 and 92–93;
Klein, 2018, 21). Transformative engagement, in this study, is
understood in a more comprehensive understanding of Barnes
et al.’s (2020, 824) definition of transformative and Grabau
and Ma’s (2017, 1,046–47) definition of science engagement, as
being a fundamental change in individuals’ cognitive, emotional
and behavioral characteristics encouraging alteration of social-
ecological relationships toward a climate-friendly future.

Sustainable Development Goal (SDG) 4, “Quality Education,”
plays a significant role in fostering this type of learning for
achieving SDG 13, “Climate Action” (Boeren, 2019, 279; UN,
2021, 27). In this regard, the potential of science education
with its major goal of raising scientific literacy (SL) has been
thoroughly discussed (Laugksch, 2000, 84; Yacoubian, 2018,
308–9). However, can teacher-centered, knowledge-based science
education really fulfill these challenges? A growing body of
literature claims that traditional pathways of teaching have to

be rethought in order to foster transformative learning and
engagement, enabling participation, integration, and reflection
(Singer-Brodowski, 2016, 15–16; Balsiger et al., 2017, 359;
Hindley and Wall, 2018, 263–66; Kyle, 2020, 1; Leichenko and
O’Brien, 2020, 1). Leichenko et al. (2021, 1), for example,
stated that most climate change education (CCE) programs
pay attention to the physical dimension of CC and evaluation
of political, technological, and behavioral solutions without
practically supporting students to adopt and sustain their active
role in the necessary transformation. Kyle (2020, 4–5) argued
that students frequently experience a kind of science education
disassociated from real-world topics. He suggested that science
education should empower students to actively deal with societal
issues in their lifeworld. Moreover, many approaches fail to
consider the relevance of emotions, values, and worldviews,
which are important in provoking personal change (Leichenko
et al., 2021, 2–3) [for more details, see Verlie et al. (2021) and
O’Brien and Sygna (2013)]. In a literature review about effective
CCE strategies, Monroe et al. (2019, 804–6) pointed out the
importance of personal meaningfulness and engaging teaching
methods by means of field trips, community action projects, or
collaboration with scientists or affected persons. These claims
were also addressed by the concept of SL vision III (Sjöström and
Eilks, 2018, 67; Valladares, 2021, 581–82).

Moving beyond traditional pathways of (teaching and)
learning, we argue that transdisciplinary education (TE) is a
promising concept in science education, enabling students to
perform research together with out-of-school (scientific) partners
in real-world learning settings (Kubisch et al., 2021b, 3–5). TE
is assumed to raise students’ SL and transformative learning,
foster personal meaningfulness and generate competencies via
active engagement and exchange of experience as well as
different perspectives and forms of knowledge (Thomas, 2009,
245; Mitchell et al., 2015, 86), and, finally, contribute to a
climate-friendly future by transformative engagement (Kubisch
et al., 2021b, 1). TE should not be considered as an isolated
approach but rather a frame for active and constructivist learning
approaches like inquiry-based learning (Riemeier, 2007; Pedaste
et al., 2015).

The objective of this publication is fourfold:

(1) To provide an insight into the scholarly discussion about
science education and SL for transformative engagement
for climate action.

(2) To point out the relevance of TE by means of a literature
review and good practice examples, addressing demands
on science education in the field of CC.

(3) To quantitatively evaluate the change of predictive
quality of the three dimensions of SL (vision I to III)
on transformative engagement for climate action and
assessing the single contribution of the visions (via pre-
post comparison of secondary school students’ answers in
a TE project).

(4) To derive from the findings how and in which form TE can
contribute to scientific literacy and transformative learning
for transformative engagement for climate action.
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The study is structured as follows: first, we give a brief
insight into the role of science education, its limitations and
visions, and significance of student’s scientific literacy; this is
followed by a literature review and good practice examples of
transdisciplinarity (in education), and is continued by study
design and results. We finish with discussion and conclusion.

VISIONS AND LIMITATIONS OF TODAY’S
SCIENCE EDUCATION AND THE ROLE
OF SCIENTIFIC LITERACY

In contrast with the broad consensus among scientists that
anthropogenic CC is happening and that there is an urgent
need for more actions (IPCC, 2018, V–VI), doubts about and
denial of CC still exist in societies (Maibach et al., 2014, 295;
Corner et al., 2015, 529; Jylhä, 2018, 487; Hahnel et al., 2020,
16). Since awareness of CC causes and consequences is critical
for engagement and action (Poortinga et al., 2019, 25), there
is still lack of individual and collective engagements (Maibach
et al., 2014, 295–96; Jylhä, 2018, 487). Literature reviews of young
peoples’ CC awareness, knowledge, and action found that vague
knowledge and concepts, as well as misconceptions about CC
causes, impacts, and solutions persist among young people aged
between 8 and 19 years (Corner et al., 2015, 529; Lee et al.,
2020, 7–9). According to Lee et al. (2020, 7–9), scientifically
accurate knowledge of the causes of CC tended to increase
with age. The need for climate protection was proposed without
the acknowledgment of personal responsibility or awareness of
time lags of the usefulness of measures (Lee et al., 2020, 7–9).
These findings are in contrast to the ongoing Fridays For Future
movements (Hagedorn et al., 2019, 79) and general high levels of
CC concern among young adults (Corner et al., 2015, 529).

Against the backdrop of findings pointing at various possible
manifestations of young people’s knowledge, awareness, and
action, the importance of science education becomes apparent.
Liu (2013, 26) states, that formerly mentioned challenges are
also reflected in school, culminating in students’ disinterest in
science and decreasing interest in science careers. According to
an international group of scholars, school science is disconnected
from reality, failing to address the role of science in students’
everyday lives (Linder et al., 2007, 2–3). Moreover, relevant topics
like CC and the role of science for social, economic, and political
actions are neglected. Consequently, recent calls from scholars
state the need for transformative science education– moving
away from simply teaching and learning disciplinary knowledge
to “science-in-context” (Bencze and Alsop, 2014, 827–29). This
is captured by the concept of socioscientific issues (SSIs) (Zeidler
et al., 2005, 357; Zeidler et al., 2019, 1), contextualizing science
knowledge and connecting science knowledge to issues of social
significance (Bencze and Alsop, 2014, 833). This kind of science
teaching and learning tends “to mold sustainable development
education by developing general educational skills in the area of
an individual’s actions as a responsible member of society” (Eilks,
2015, 154–55). Thus, SSIs are part of an educational philosophy
that is built on moral intelligence and social responsibility
(Bencze and Alsop, 2014, 833). Moral intelligence and social

responsibility also reflect in Valladares’s (2021, 582) requests of
a type of science education “that broadens the agency capacity of
individuals and communities to take advantage of science in the
generation of adaptative, resilient, and sustainable responses to
unpredictable changes of today.” Valladares (2021, 581) further
states that in order to achieve transformative science education,
students need to experience education that allows them to
“understand, value, and relate to the world differently in their
everyday lives, not only through canonic scientific ideas, but
also through a dialog exchange of different perspectives (1), of
alternative forms of knowledge (2) and by fostering student’s
engagement with science and with their community and culture
(3).”

This notion is captured by the concept of SL, which is
considered to be one of the major goals of science education,
which is backed by scholars of science education, science
curricula, and policy documents, as it is considered to be
equally beneficial for both individuals and societies as a whole
(Laugksch, 2000, 84; OECD, 2017, 21; Yacoubian, 2018, 308–
9). According to science educationists, a scientifically literate
person should be able to make informed decisions that are
based on scientific knowledge, which requires factual and
procedural knowledge of science. Scientifically literate people
know about the benefits of science while simultaneously taking
a critical perspective on science (Norris and Phillips, 2003,
225; OECD, 2017, 21; Yacoubian, 2018, 308). In particular, SL
vision III, which can be designated as science for transformation
(Sjöström and Eilks, 2018, 78) or critical SL (Hodson, 2011) in
Sjöström and Eilks (2018, 66), touches on this idea, targeting
to encourage critical engagement with science (Liu, 2013,
25) and sociopolitical actions (Hodson, 2003, 645). While
aiming to contribute to critical citizenship and sustainability
(Sjöström and Eilks, 2018, 78), vision III is closely associated
with transformative learning (Mezirow, 2003, 58–59) and
transdisciplinarity, fostering student’s dialogical emancipation
and participation (Sjöström and Eilks, 2018, 77; Valladares, 2021,
557). According to Simonneaux (2014, 51), critical reflexivity,
participation, and action in scientific activities are significant
for transformative science education. According to Choi et al.
(2011, 681), a concept of SL for the 21st century is required,
which includes competencies, which echo the competencies
demanded by Education for Sustainable Development (ESD)
(UNESCO, 2017, 10). Wiek et al. (2011, 204) propose a definition
of competencies contributing to sustainability as “complexes
of knowledge, skills, and attitudes that enable successful task
performance and problem solving with respect to real-world
sustainability problems, challenges, and opportunities.” Besides
SL vision III, their definition also highlights the importance of
visions I and II of SL. While vision I is focused on knowledge
of scientific content and processes, vision II creates a link
to students’ lifeworld, focusing on the relevance of scientific
knowledge and processes in society (Roberts, 2007, 2011).
Consequently, vision I, “within science,” is focused on pure
science learners aiming to develop mental capacity and preparing
for a science career, whereas vision II targets bridging science
and society. Meanwhile, vision III, “science within society,”
aims at encouraging students to engage in complex SSIs for
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seeking informed and responsible solutions (Liu, 2013, 29). Liu
(2013, 31) argues that “focusing on one vision while ignoring
others is undesirable” (Liu, 2013, 31), since the three visions
of SL are interdependent and reinforce each other. Balanced
didactical implementation of the three visions of SL might also
face challenges similar to those encompassed in the concept
of ESD. ESD is now an educationally well-justified concept
(Burmeister and Eilks, 2012, 93–94; Burmeister et al., 2013,
169), however, its implementation in formal school education
still remains rare (Eilks, 2015, 156). Despite the demand for
competencies, educating responsible and critical citizens, which
is significant for achieving SL vision III, teaching and learning,
in many cases, still remains content-driven (Eilks, 2015, 156).
According to Burmeister et al. (2013, 173–74), reasons for this are
lack of teacher’s knowledge of the ESD philosophy and pedagogy
and limited resources. However, Sjöström and Rydberg (2018, 9)
point out possible didactical dilemmas that might arise if teachers
aim to balance knowledge transfer, competency generation, and
students’ sociopolitical participation. This might also be true for
balanced implementation of the three visions of SL.

As a consequence of the reflections of expanding SL to
vision III, the vision of knowing-in-action (Aikenhead, 2007,
68), subject teaching, and learning will need to transcend school
boundaries and open up students’ lifeworld, acknowledging the
importance of transdisciplinary perspectives and fostering active
engagement with SSIs (Hodson, 2003, 666; Sjöström and Eilks,
2018, 77; Zeidler et al., 2019, 1) while simultaneously considering
possible didactical dilemmas (Sjöström and Rydberg, 2018, 9).

TRANSDISCIPLINARITY IN EDUCATION:
LITERATURE REVIEW AND GOOD
PRACTICE EXAMPLES

Literature Review and Good Practice
Examples of Transdisciplinarity
In this section, the aims, procedures, and further outcomes of
transdisciplinary collaborations are discussed. Firstly focusing on
transdisciplinarity in science education, Sjöström and Rydberg
(2018, 5 and 10) define transdisciplinary Didaktik as partnerships
between teachers of different school subjects, who teach about
SSI. Further studies on formal school education that discuss
transdisciplinarity share a similar definition (e.g., Nordén, 2018,
666–67). In this study, we go beyond this understanding,
arguing that transdisciplinarity in school education is rare
(Kubisch et al., 2021b, 2); focusing predominantly on higher
education [e.g., Clarke and Ashhurst (2018); Beecroft (2019),
Pohl et al. (2018), and Clark and Button (2011)], we
draw on literature discussing transdisciplinary research and
transdisciplinarity in higher education. However, before we
clarify how transdisciplinarity and TE are understood in this
study, we will explore Lang et al.’s (2012) understanding of
transdisciplinary research in the realm of sustainability science
and how we share these views.

Transdisciplinary research involves high levels of integration
and reflection. Partners from science and societies work together

tackling socially relevant scientific issues like CC. Societal
partners tend to be those who are affected by a problem
and who have different experiences and expertise on the
issue. The process of dealing with these challenges is based
on scientific research processes and draws on both diverse
interdisciplinary methods and mutual exchange of knowledge
and experiences, aims, interests, and visions of science and society
(Lang et al., 2012, 28–35). All partners are continuously involved
in the scientific knowledge production process, co-producing
knowledge for sustainable solutions as well as generating societal
(e.g., community well-being) and scientific effects (e.g., new
scientific insights) (Walter et al., 2007, 326–28). Aligning with
transdisciplinary research, an SSI is the starting point of TE,
being addressed in a dialogical manner between students and
diverse partners from science and outside academia exchanging
scientific and everyday life knowledge and experience (Schmohl
and Philipp, 2021, 14; Kubisch et al., 2021b, 3–4). This exchange
enables mutual learning among all those involved (Clark and
Button, 2011, 50; Mitchell et al., 2015, 93). “Learning in this sense
is a process that collaboratively generates new rich insights that
remain undetectable from a single disciplinary or purpose-less (in
Jantsch’s terms) perspective” (Mitchell et al., 2015, 93). In addition
to improving students’ research skills (Currie et al., 2005, 405),
knowledge production is one of the outcomes of transdisciplinary
collaboration. According to the ProClim (1997, 15) report,
three kinds of knowledge are required to foster sustainable
development, i.e., system knowledge (knowledge of structures
and processes and the current status quo), target knowledge
(visions and goals of society), and transformation knowledge
(knowledge of how to achieve targets) (ProClim, 1997, 15). The
design of TE study programs [e.g., by Pearce et al. (2018)] aims
to enable students to acquire these types of knowledge. Drawing
on a conceptual assessment and the experience of the authors
of that study, active involvement in scientific processes and
collaboration with scientists and societal partners are assumed
to promote these kinds of knowledge and generate diverse kinds
of competencies (Pearce et al., 2018, 168–171 and 179). Building
competencies and environmental awareness are also strengths
of TE. Clark and Button (2011, 48) point out the development
of critical thinking competency, and Young et al. (2015, 72)
name communicative competency and environmental awareness,
linking their TE approach science, art, and community. The
development of these competencies ascribed to TE is in line with
the demands of SDG 4, “Quality Education” for competency
generation according to the goals of ESD (UNESCO, 2017, 10).
Furthermore, Vilsmaier and Lang (2015, 51) draw attention to the
increase of reflective thinking by TE. “Thereby students learn how
to change perspectives and create mutual understanding [. . .].
The exploration of the otherness of the other further enhances
the understanding of their own perspective, knowledge [. . .] as
well as of their social background. This exploration also allows
for reflection of the students’ own values, interests, objectives
and culturality” (Vilsmaier and Lang, 2015, 51). Consequently,
TE creates an environment of deep reflection, which, in turn,
facilitates conceptual change of misconceptions and restructures
existing mental models (Mitchell et al., 2015, 93; Thomas and
Kirby, 2020, 223). According to Mitchell et al. (2015, 93)
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and Klein (2018, 16 and 20–21), this kind of transformative
learning enables reflection and evolution of thought patterns,
norms, values, and behaviors, which promote change toward
sustainability. This is confirmed by Walter et al. (2007, 333–34)
by demonstrating that transdisciplinary collaboration not only
fosters the decision-making capacity of partners involved but also
supports the generation of transformational knowledge, which is
acknowledged to be relevant for action.

Returning to the argument mooted at the beginning of
this chapter, namely, that transdisciplinarity in formal school
education is rare (Kubisch et al., 2021b, 2), we would finally like
to refer to research in the field of place-based SSI approaches.
According to Semken and Butler Freeman (2008, 1,043–44),
these approaches variously address transdisciplinary knowledge
exchange between students and various out-of-school partners
(e.g., researchers and community members). Herman et al.
(2019, 347–57) demonstrate that students’ explanations of an
SSI became more discriminating and representative of complex
interactions within a system during a place-based intervention,
which fostered the exchange of different perspectives with out-of-
school partners (Herman et al., 2019, 347–57). Beyond this study,
Zeidler et al. (2019, 7) argue that place-based SSI approaches are
proven to be effective even if topics to be discussed are detached
from student’s lifeworld.

Example of SEAS and k.i.d.Z.21: A Good
Practice Example
The EU funded project Science Education for Action and
Engagement toward Sustainability (SEAS) compares teaching and
learning approaches within so-called open schooling networks
in different European countries (Austria, Belgium, Estonia, Italy,
Norway, and Sweden). Building on a transdisciplinary approach,
schools opened to their environment, allowing students and
teachers to collaborate with diverse out-of-school partners on
finding solutions for real-world sustainability issues within their
community. The aim of SEAS is to increase students’ SL and to
trigger transformative engagement in order to contribute to a
sustainable present and future (Kubisch et al., 2021b, 9).

The Austrian research education collaboration on CC,
k.i.d.Z.21—competent toward the future, is an exemplary
representation of a successful TE project within the project
SEAS (see, e.g., Keller et al., 2019; Deisenrieder et al., 2020;
Kubisch et al., 2021a). k.i.d.Z.21 was founded in the year 2012
with the purpose of increasing young people’s awareness of
CC and its consequences to generate acceptance of necessary
socio-ecological transformation and prepare students not just
for today’s but also future challenges. Over the course of one
school year, Austrian and German students aged between 13
and 16 years deal with the topic of CC in different inter-and
transdisciplinary modules (Oberrauch et al., 2015, 19–26; Stötter
et al., 2016, 214–15). Since the beginning of k.i.d.Z.21, more
than 3,500 students and 100 scientific partners have worked in
collaboration. Figure 1 shows the modules of k.i.d.Z.21 during
one school year. These are based on didactical approaches of
moderate constructivism and inquiry-based learning, and are
embedded in an inter- and transdisciplinary setting (red framed

modules in Figure 1) (Oberrauch et al., 2015, 19–26; Kubisch
et al., 2021b, 5–6).

The moderate constructivist understanding of learning
originates from the idea that learning is an active, situational,
emotional, social, and self-regulated process. Therefore, learning
is considered as a constructive process, which builds on available
conceptions originating from individual experiences (Riemeier,
2007, 69–70). In order to facilitate individual knowledge
construction processes, students need both the space to follow
their interests and to tie up with their preconceptions and
experiences (Widodo and Reinders, 2004, 237–38), which are
implemented with inquiry-based learning modules. Inquiry-
based learning enables students to identify problems, build
hypotheses, formulate their own research questions, collect
data, and construct answers to their individual questions.
From a pedagogical point of view, students are guided
through this complex scientific process, which is didactically
reduced. Research studies in the field of inquiry-based learning
demonstrate its potential in comparison to traditional teaching
styles of direct instruction (Pedaste et al., 2015, 48). Furtak
et al. (2012, 315–16) indicate a positive effect of inquiry-based
teaching on students’ learning in a meta-analysis, while Pedaste
and Sarapuu (2006, 48) show the application and generation
of problem-solving competencies during inquiry processes.
Furthermore, the European Commission acknowledged inquiry-
based learning as an important and effective learning approach
to build a scientifically literate society (European Commission,
2007, 2). The expansion of SL and a higher learning effect are also
proven by studies in the field of moderate constructivist teaching
and learning (Widodo and Reinders, 2004, 233).

The moderate constructivist approach of learning cuts across
all k.i.d.Z.21 modules, while the inquiry-based learning approach
is applied in the individual CC research projects module and the
Alpine Research Weeks. The k.i.d.Z.21 project begins with a logo
competition at the start of a school year. Based around the area
of arts education, students deal with CC for the first time and
capture their association with CC in a logo, which accompanies
them through the full-year collaboration. The starting point
of the transdisciplinary collaboration is the subsequent kick-
off event. In this module, students and teachers start a dialog
with scientific experts, politicians, and peers to discuss climate
change, its consequences, and possible solutions in different
fields of everyday life. Besides lectures about CC, students pass
through different workshops where, for example, they discuss
different keywords such as “youth engagement,” “sustainability,”
and “my city” at the global and local levels in the context of
CC with scientific experts, politicians, and peers. Consequently,
students’ pre-concepts of and experiences with CC are captured
and included in the discussions. During the school year, students
have classical school lessons on CC in different subjects (e.g., in
musical education and mathematics education). This module
is guided by participating teachers themselves, connecting and
expanding the learning objectives of their subject with the topic
of CC. Moreover, students generate their own questions about CC
and individually develop CC research projects that are presented
at the end of the school year. Based on the approach of inquiry-
based learning and a moderate constructivist understanding of
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FIGURE 1 | Modules of the Austrian transdisciplinary education (TE) project k.i.d.Z.21, with the red-framed modules as transdisciplinary modules [source: modified
according to Kubisch et al. (2021b, 6)].

learning, students have total freedom to design their projects.
They are able to follow their interests in generating a research
question and are free in collecting and analyzing the data as well
as in the way they present their findings. They are supported
by their teacher, whenever necessary. Students have developed
innovative research projects in the past. For example, some
students measured the temperature over a period of time in the
village in which they lived and compared it to the location of
their school within the city. Others analyzed the travel behavior of
classmates and teachers and developed an initiative, motivating
them to act climate-friendly by going to school by bike. During
the inter- and transdisciplinary Alpine Research Week, students
and scientific experts meet in a high Alpine Mountain area to do
research on CC in different fields (e.g., tourism, environmental
ethics, glacier, and Alpine vegetation) in a real-world learning
setting. According to the moderate constructivist approach to
learning, students are only guided by necessary instructions and
have the opportunity to develop their own research questions
and hypotheses, collect data, and present their findings in
groups. Scientific experts and the k.i.d.Z.21 team take the role of
coaches: they support the students whenever necessary in their
research process and discuss and interact with them as equal

partners (Kubisch et al., 2021b, 5–6). The tourism module, for
example, starts with capturing students’ pre-concepts about CC
and tourism in a concept map. The concept map is continuously
expanded during the module. After capturing first associations
of CC, students and scientific experts go to an elevation and
discuss the change of the city and landscape, comparing a
photograph of the past with the reality in front of them. From this
discussion, they develop their own research questions in small
groups and do research, collecting and analyzing data to finally
report their findings in a presentation. Ultimately, the entire
group meets again to present and discuss each groups’ findings.
The module finishes with an expansion of the concept maps.
The other modules also offer pre-defined tasks (e.g., an albedo
experiment in the glacier module and emotional mapping in the
environmental ethic module), and students have the opportunity
to conduct research on climate change based on their individual
research questions.

The collaboration with participating teachers, who are
representatives for their respective schools, starts with a teacher
training course, which is offered once a year. During the
one-week training, the teachers are introduced to the didactical
concept and the modules of k.i.d.Z.21, and organizational tasks
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are discussed. Collaboration with schools is usually through one
contact person, namely, one teacher who takes part in the teacher
training. This person is responsible for cascading the objectives
of the project, in-school modules, and tasks involved to other
subject teachers who will be delivering them in their respective
lessons, e.g., the module logo competition or classical school
lessons on CC. In the past, it has been seen that many teachers
eventually chose to take part in the teacher training themselves.
The transdisciplinary modules are guided by the k.i.d.Z.21 team
and scientific experts who voluntarily support the project.

The didactical approach of k.i.d.Z.21 appears to be very
effective with regard to both learning outcome and potential to
increase an environmental-friendly behavior. It also meets the
demands of Agenda 2030 and ESD (UN, 2015, 21; UNESCO,
2017, 10). At the same time, it embodies the same claims as
transformative science education, being participative, engaging,
and allowing the exchange of different expertise (Valladares,
2021, 581). This is reinforced by the findings of accompanying
scientific evaluation of k.i.d.Z.21 so far. Keller et al. (2019)
demonstrate that during the module with the highest degree of
transdisciplinarity and active involvement in an inquiry-process,
the Alpine Research Week, students learned the most about CC
and its consequences, in second place were the individual CC
research projects and in third place the kick-off event. Classical
school lessons obtained the lowest results. Moreover, students
felt better prepared to face the challenges of CC after taking part
in k.i.d.Z.21 (Keller et al., 2019, 40–42; Kubisch et al., 2021a,
6–8). The latter may be explained by the simultaneous increase
in knowledge of CC, its causes and consequences, and how
to act climate-friendly, as unpublished findings in the research
education-collaboration demonstrate. Analyzing pre- and post-
changes in knowledge, attitudes, personal concern, climate-
friendly behavior, and multiplicative action among different
types of awareness, Kuthe et al. (2019, 382–83) show that by
means of diverse didactical concepts of k.i.d.Z.21, weaknesses in
students’ climate literacy could be addressed. Deisenrieder et al.
(2020, 8–11) and Kubisch et al. (2021a, 6–8) indicate that in
addition to self-efficacy and future concern, students’ climate-
friendly behavior in different dimensions (everyday behavior,
information seeking, and dissemination as well as engagement)
could be significantly raised during the course of one school
year. Furthermore, the findings of Kubisch et al. (2021a, 6–
8) show that the collaboration during the Alpine Research
Week resulted in a mutual learning effect among students,
teachers, and scientific experts, as opposed to a one-dimensional
knowledge transfer. Both teachers and students prefer more
frequent collaboration with scientific experts when working on
the solution of real-world problems. Additionally, statistical
analysis by means of SPSS IBM Statistic 26 of unpublished
findings of a standardized questionnaire in the TE project
k.i.d.Z.21 demonstrates an increase in students’ understanding
of scientific processes, how to argue scientifically, and how
to reflect on problems from different perspectives. Students
acquired an understanding of why science is important in
everyday life and how to apply scientific knowledge in everyday
life after collaborating with scientific experts in the Alpine
Research Week in 2021.

These findings show the enormous potential that the
didactical concept of k.i.d.Z.21 has to contribute to SL
and transformative engagement, combining the moderate
constructivist approach and inquiry-based learning in inter- and
transdisciplinary settings.

STUDY DESIGN AND METHOD

The study was carried out in the project SEAS with N = 162
secondary school students from Austria and Germany, aged
between 13 and 16 years who were part of the research-education
cooperation k.i.d.Z.21. In total, 27.8% of the students were female,
while 31.6% of the students were male; 2.3% were diverse;
38.4% of the students preferred not to answer the question.
The students were consulted by means of a standardized online
questionnaire before (pre-test) and after (post-test) being part
of the TE project. The collaboration started at the beginning
of the school year in September 2020 and ended in July 2021.
Besides SL (visions I to III), students’ climate-friendly behavior,
their CC concern, their feeling of responsibility, and their locus
of control regarding CC were queried (see Table 1). These items
were derived and modified in a further k.i.d.Z.21 standardized
questionnaire. The questionnaire has been applied since the
beginning of the project in 2012. The items of SL were derived
and modified via the following assessment instruments (Pugh
et al., 2010; Reeve and Tseng, 2011; Heddy and Sinatra, 2017;
Patall et al., 2018) and co-developed by SEAS partners. All the
questions were closed questions using a five-point assessment
Likert scale, in which the dimensions ranged from “I disagree” to
“I agree.” The standardized questionnaire asked for students’ self-
assessment, possibly biasing the data, which can be declared as a
limitation of this study. The reliability of the questionnaire was
tested with Austrian secondary school students independently
of the TE project.

The statistical relationship between students’ SL and their
transformative engagement for climate action was analyzed
before and after participating in the TE project k.i.d.Z.21.
According to the definition in the introduction, transformative
engagement for climate action consists of students’ awareness
of CC and the need to act, their feeling of responsibility, their
locus of control, and their climate-friendly behavior (see Table 1).
Subsequently, the single contribution of the three visions of SL to
transformative engagement was assessed in more detail.

The data were analyzed using SPSS IBM Statistics 26. In
order to distinguish the three dimensions of SL a factor analysis,
more specifically, a principal component analysis with varimax
rotation was used (Sedlmeier and Renkewitz, 2013, 684). An
analysis of scale reliability (SR) by means of Cronbach’s alpha
ensures that the constructs analyzed are well represented by
the single items. According to Kuckartz et al. (2013, 247),
values for SR are interpreted to be acceptable if SR > 0.7.
In order to assess the predictive quality of the three visions
of SL for transformative engagement for climate action, a
regression analysis was conducted. Both pre- and post-test
data were analyzed by multiple regression analysis in order to
detect changes in the predictive power of SL before and after
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TABLE 1 | Items and factors used for analysis.

Factors (question) Items (5 Likert Scale—“I disagree” to “I agree”) Cronbach’s Alpha
(SR)
pre-/post-test

Scientific Literacy (Vision I) . 0.732/0.814

Which of the following statements
describe scientific research?

Scientific research is better, when scientists use a more complicated language. (*with reversed polarity)

Scientists cannot be neutral when profit-making companies fund the research. (*with reversed polarity)

Researchers can adapt their results and data to give a more favorable impression. (*with reversed
polarity)

In the development of medicines, it is acceptable to do animal experiments. (*with reversed polarity)

A scientist should be driven by his/her personal ideals. (*with reversed polarity)

Scientific Literacy (Vision II) 0.742/0.892

Which of the following statements
describe scientific research?

Observation and experiments are important for scientific exploration.

Analyzing data and sharing results is an important principle of scientific method.

A scientist contributes to the solutions of societal and/or environmental problems.

Which of the following examples is
a scientific topic for you?

Finding solutions for an environmentally- friendly way of living

Measuring your personal electricity consumption as a basis for implementing energy-saving measures

Can you add anything to a glass full to the brim with water? Experiment with coins that show the
surface tension of water

Watch sports news to find out the results of the current football matches. (*with reversed polarity)

Scientific Literacy (Vision III) 0.927/0.956

To what extent do you agree with
the following statements?

I make suggestions about how to improve activities related to science.

I talk with my parents about scientific topics that I have learnt.

I seek out opportunities to apply my knowledge of science in my everyday life.

I worked as hard as I can in topics related to science.

I notice scientific facts and events.

I participated in discussions related to science.

I tried to connect my own experiences with what I previously learned about topics related to science.

The scientific topics I am studying are important to me.

The scientific topics I am learning can be applied to real life.

Scientific topics are practical for me.

I felt interested in topics related to science.

Transformative engagement for
climate action

0.887/0.946

To what extent do you agree with
the following statements?

It’s already too late to act on climate change. (*with reversed polarity)

Mankind is primarily responsible for climate change.

I feel it is important to take good care of the environment.

Every individual must adopt a lifestyle for a future worth living.

In our region we are able to contribute to climate protection.

I am careful not to waste water.

I am careful not to waste food.

I separate most of my waste for recycling.

I prefer to use public transport or bicycle over car.

I try to save energy.

With my friends I teach others on the importance to act against climate change.

taking part in the TE project. Variance inflation factor (VIF)
was calculated to prevent multicollinearity of the predictors,
and values for VIF < 10 were acknowledged as acceptable
(Kuckartz et al., 2013, 271–72). The effect size of the adjusted
R2 was calculated to indicate the practical importance of the
results beyond statistical significance (p < 0.05). A low effect

size is defined for values between 0.1 ≤ f < 0.25, a medium
one for 0.25 ≤ f < 0.40, and a high effect size for f > 0.4
(Cohen, 1988, 410–14). A test for normal distribution was waived,
since the sample size is sufficiently high, preventing major
effects on the results of the analysis (Sedlmeier and Renkewitz,
2013, 325).

Frontiers in Education | www.frontiersin.org 8 March 2022 | Volume 7 | Article 838135

https://www.frontiersin.org/journals/education
https://www.frontiersin.org/
https://www.frontiersin.org/journals/education#articles


feduc-07-838135 March 17, 2022 Time: 14:29 # 9

Kubisch et al. Rethinking Quality Science Education

RESULTS

Preparation of the Data
Before beginning the main evaluation of the data, a principal
component analysis was conducted comprising the SL items.
The results opt for a three-factorial solution, resolving 61.53%
of the total variance. The items, being allocated to the respective
factor, substantively fit the definition of the SL visions. Items
belonging to SL visions I and II queried students’ concepts about
science and scientific research; however, vision II was focused
more on scientific processes and linked those to student’s lives. SL
vision III was focused on students’ practical and transformative
engagement with science inside and outside the classroom (see
section “Visions and Limitations of Today’s Science Education
and Role of Scientific Literacy”). Cronbach’s alpha was calculated
for the three factors of SL and for transformative engagement for
climate action to guarantee the reliability of the factors (for more
information, see Table 1).

Multiple Regression Analysis Pre- and
Post-tests
A multiple regression analysis was performed to analyze
the predictive quality of the model. The pre- and post-test
comparisons of the multiple regression aimed to show the change
in predictive quality of SL on transformative engagement before
and after participation in the TE project. The three visions of
SL were treated as predictors, while transformative engagement
for climate action was treated as criterion variable. In order to
adequately determine the contribution of the TE project, change
in the predictive quality of the SL model was analyzed. The status
quo of students’ SL visions both at the beginning of the school
year (pre-test data) and at the end of the school year (post-test
data) were used to predict students’ transformative engagement
for climate action at the end of the school year (post-test data).

Scientific literacy (SL) visions I to III were able to statistically
significantly predict transformative engagement both in the
pre-test [F(3, 73) = 5.777, p < 0.01] and the post-test [F(3,
168) = 50.86, p < 0.01]. The findings revealed that the
predictive quality of the model increased after the project
(adjusted R2

pre−test < adjusted R2
post−test), explaining more of

the variance of transformative engagement. While the pre-test
model explained 16.4% of the variance, the post-test model
explained 47.1% of the variance of transformative engagement.
In the pre-test, considering the standardized ß coefficient, only SL
vision I had a significant influence on transformative engagement
(ß = 0.413, p < 0.01), whereas in the post-test model all the three
visions significantly predicted transformative engagement. The
standardized ß coefficient of SL vision I, however, decreased in
the post-evaluation (ß = 0.152, p < 0.05), also in comparison to
the standardized coefficients of SL vision II (ß = 0.311, p < 0.01)
and III (ß = 0.34, p < 0.01) in the post-evaluation. Consequently,
in the post-evaluation, SL vision III had a higher influence on
transformative engagement for climate action than vision I and
a slightly higher influence than vision II (see Table 2). Referring
to Cohen (1988), the effect sizes of both the pre-test model
(f = 0.442) and the post-test model (f = 0.944) were high.

DISCUSSION AND
RECOMMENDATIONS: TE FOR
TRANSFORMATIVE SCIENCE
EDUCATION

The concept of SL is thoroughly discussed by scholars (Norris
and Phillips, 2003, 225), being defined as a major goal of science
education (Yacoubian, 2018, 308) and as a prerequisite for a
scientifically literate and responsible society (OECD, 2017, 39).
Current scholarly debates draw on a more comprehensive view
and emphasize the need for science education and, thus, SL
to address the pressing socio-ecological challenges of our time.
Initial definitions were based on a narrower understanding of
the term “scientifically literate,” focusing on the understanding
of scientific knowledge and processes [Showalter (1974) in
Laugksch (2000, 74)]. Today’s science education is meant to
foster change in values, attitudes, and behaviors at individual and
societal levels, supporting sustainable development (Laugksch,
2000, 84; OECD, 2017, 39; Sjöström and Eilks, 2018, 78;
Valladares, 2021, 581–82). Beyond SL visions I and II, which
relate to scientific knowledge and processes for later application
and understanding of the usefulness of scientific knowledge in
life and society (Sjöström and Eilks, 2018, 65–66), SL vision III is
assumed to contribute to transformative engagement by means of
engaging teaching methods and knowing-in-action (Aikenhead,
2007, 68; Liu, 2013, 29).

For our research, we collected data by means of a standardized
questionnaire from secondary school students in Austria and
Germany. The data were evaluated by regression analysis, taking
a closer look at the contribution of SL and the single SL
visions to student’s transformative engagement for climate action,
both before and after taking part in the TE project k.i.d.Z.21
(Table 2). The regression analysis of the post-test model reveals
that all the three visions of SL statistically significantly predict
transformative engagement for climate action, with SL vision III
measuring practical and transformative engagement in science
and having a slightly higher influence than vision II and greater
influence than vision I. Visions I and II, which capture knowledge
and concepts of science and scientific processes and practical
implications of science, have a (slightly) minor influence on
transformative engagement. Despite increasing calls for (science)
education to be transformative (Balsiger et al., 2017, 359; Kyle,
2020, 1; Valladares, 2021, 581–82), the results are in contrast
to a wide range of school curricula, which are predominantly
based on knowledge production and are not connected to
students’ lifeworld (Balsiger et al., 2017, 359; Kyle, 2020, 1–
4). Moreover, the majority of scholarly debates is still focused
on knowledge, e.g., improvement of CC knowledge (Monroe
et al., 2019, 796–98). Of course, the significance of knowledge
should not be underestimated, since the exchange of knowledge
and knowledge production is one of the leading aims and
outcomes of transdisciplinary collaborations (Lang et al., 2012,
26). We concur with Liu (2013, 31) that all the three visions
of SL are important, including knowledge of scientific concepts
and processes. Consistent with the emphasis on the importance
of (science) education in sustainability discourse (UN, 2015;
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TABLE 2 | Pre-post comparison regression analysis—scientific literacy for transformative engagement for climate action.

Variables βpre/post SEpre/post− tpre/post ppre/post VIFpre/post

SL vision 1 0.413/0.152 0.123/0.070 3.830/2.181 0.000**/0.031** 1.016/1.552

SL vision 2 0.070/0.311 0.240/0.094 0.538/3.300 0.593/0.001* 1.474/2.812

SL vision 3 0.099/0.340 0.170/0.084 0.767/4.169 0.445/0.000** 1.459/2.110

R2
pre/post 0.198/0.480 – – – –

adjusted R2
pre/post 0.164/0.471 – – – –

**Significant results at the level of p < 0.01.
*Significant results at the level of p < 0.05.
β, standardized regression coefficient; SE, standard error; t, t-value; p, statistical significance; VIF, variation inflation factor; pre, pre-test data; post, post-test data; R2,
coefficient of determination; adjusted R2, adjusted coefficient of determination.

UNESCO, 2017; Kyle, 2020, 1), we propose a more visionary
approach to science education considering all the three visions
of SL. However, we emphasize the need for didactical concepts,
which foster the transformative potential of SL, especially vision
III. Hence, returning to the initial question, whether teacher-
centered, knowledge-based science education can meet the claims
for SL vision III, in accordance with other scholars in the
realm of transformative education (Singer-Brodowski, 2016, 15–
16; Balsiger et al., 2017, 359; Leichenko and O’Brien, 2020, 1;
Valladares, 2021, 581–82) and underscored by missing climate
action at a societal level (Maibach et al., 2014, 295–96; Jylhä, 2018,
487), our answer is no.

Since knowledge of climate change and sustainability is,
to a large degree, under constant change and context-
dependent (Riemeier, 2007, 70–71; Künzli, 2019, 8), knowledge
production needs to be a co-production process among
students, scientists, and other out-of-school partners who jointly
research topics related to students’ lifeworld and everyday
life (Kubisch et al., 2021b, 1). This is not only consistent
with calls for transdisciplinarity (Lang et al., 2012, 25) but
also with contemporary approaches to learning, like moderate
constructivism (Riemeier, 2007, 69–70), which are frequently
discussed in scholarly debates. As shown in the literature review
of transdisciplinarity and TE, mutual learning occurs during
the collaboration process that fosters knowledge production and
provides both new scientific and societal insights (Walter et al.,
2007, 326–28; Clark and Button, 2011, 50; Mitchell et al., 2015, 93;
Kubisch et al., 2021a). Consequently, the concept of TE captures
all the three visions of SL (see Table 2). From a didactical point
of view, the collaboration needs to be carefully designed, taking
into consideration students’ interest and allowing them to tie
up with their preconceptions and experience, hence fostering
an equal exchange (Widodo and Reinders, 2004, 237–38). While
jointly researching some real-world issues, students construct
knowledge of scientific processes and research skills, and generate
competencies like critical, system, and reflective thinking, and
communicative and problem-solving competency (Currie et al.,
2005, 405; Pedaste and Sarapuu, 2006, 48; Clark and Button, 2011,
48; Furtak et al., 2012, 315–16; Young et al., 2015, 72). This is
in line with the didactical approach of inquiry-based learning
(Pedaste et al., 2015, 51–54) and claims of ESD (UNESCO,
2017, 10).

In order to demonstrate the success of the TE concept, we
conducted a pre-post comparison of the regression analysis of

the pre- and post-test data, analyzing change in the predictive
quality of SL on transformative engagement for climate action
(Table 2). The predictive quality of the model is higher after
students’ have taken part in the TE project, being explained by
a higher influence of the SL visions, in particular visions III
and II, gained in importance, reflected by a higher standardized
ß coefficient. The change in predictive quality comparing the
pre- and post-test models is 30.7%. Moreover, the pre- and
post-test comparison demonstrates that SL visions II and III,
which did not significantly predict transformative engagement
in the pre-test, did so in the post-test, with SL vision III having
a slightly higher influence than vision II and especially vision
I. Hence, these findings give reason to assume that the TE
concept supports the didactical realization of vision III and that of
vision II. The influence of vision I on transformative engagement
decreased after the students took part in the TE project. These
findings support the assumption that by promoting the three
visions of SL via the TE concept (see Figure 2), connecting
knowledge of scientific content and processes (vision I) to
a meaningful real-world context (vision II) through students’
active engagement in science with scientists (vision III), the
significance of pure knowledge decreases. At the same time,
the synergy of knowledge, meaningful real-world context, and
active engagement in science fosters the significance of vision
II and, in particular vision, III for transformative engagement
for climate action.

Therefore, the contribution of the TE concept to the didactical
realization of SL should be explained in more detail (see also
Figure 2). The equal exchange of all partners involved, in the
form of an inquiry process, fosters deep reflection, allowing for
an opportunity to get to know not only different perspectives
but also to gain awareness of one’s own perspective. This deep
reflection is associated with transformative learning, facilitating
the restructuring of mental models and enabling conceptual
change through change in thought patterns, values, and behaviors
(Mitchell et al., 2015, 93; Klein, 2018, 20–21) for transformative
engagement (Deisenrieder et al., 2020, 8–11; Kubisch et al., 2021a,
6–8). Moreover, active engagement in a joint inquiry process not
only increases scientific skills (Currie et al., 2005, 405), awareness
(Young et al., 2015, 72; Kuthe et al., 2019, 382–83), and personal
meaningfulness of socio-ecological issues (Monroe et al., 2019,
804–6), but it also draws on all the three kinds of knowledge,
system, target, and transformation, which are relevant for action
(Walter et al., 2007, 333–34).
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FIGURE 2 | Concept of TE (source: own elaboration).

CONCLUSION AND FUTURE RESEARCH

In order to achieve the 1.5-degree Celsius target, the need
for social transformation has been acknowledged in the Paris
Agreement (UNFCCC, 2015), requesting changes in values
and world-views and, even more importantly, demanding for
individual and collective actions (O’Brien et al., 2018, 155–
57). SDG4, “Quality Education” plays a key role in this
regard and aims to contribute by means of awareness building,
and knowledge and competency generation to transformative
engagement (WBGU, 2011, 352–58; UNESCO, 2021). In that
discourse, science education is understood as making a major
contribution to a scientifically literate society, which makes
informed and responsible decisions (OECD, 2017, 39).

However, as pointed out in this study and acknowledged
by many other scholars discussing the concept of SL, teacher-
centered and knowledge-based science education is not the
appropriate methodology to reach these goals. TE is a promising
didactical concept working toward the claims of SL vision III,
which can be described as science for transformation (Sjöström
and Eilks, 2018, 78). TE is considered to be a frame, enabling
students’ active, situational, emotional, social, and self-regulated
learning (Riemeier, 2007, 69–70), as well as identification and

pursuit of (scientific) issues within students’ lifeworld (Pedaste
et al., 2015, 55–57). Active engagement in a research process
and exchange of different perspectives and forms of knowledge
between students and scientific experts are assumed to contribute
to transformative learning (Mezirow, 2003, 58), which enables
change in habitual thought patterns, norms, values, and, finally,
behaviors (Mitchell et al., 2015, 93; Klein, 2018, 20–21). The
findings of this study give first indications, demonstrating the
influence of SL on transformative engagement for climate action
in a TE project.

These promising results need to be replicated and proven by
future research also taking into account the limitations of this
study. In particular, the SL visions need to be replicated and
the constitutive items should be further expanded in terms of
their content. SL vision I, in particular, needs to be considered
critically. In this study, SL vision I is not specifically focused on
“scientific content and scientific processes” (Sjöström and Eilks,
2018, 65) but on a fundamental understanding of the nature
of science, capturing students’ (mis)conceptions of science. The
reason is that operationalizing SL vision I on the basis of
disciplinary knowledge does not allow for the replication of the
findings and, thus, transfer to other contexts (e.g., different school
types, age groups, and countries) because of student’s diverse
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prior knowledge. Consequently, future research needs to rethink
the operationalization of SL vision I. Considering the research
frame, which was determined in advance in this TE project, we
propose to replicate this study allowing students to co-design the
whole research process and collaborating with scientists within
students’ local community.
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