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Abstract

:

Anchored in the thirteenth of the Sustainable Development Goals (SDG), climate change is one of the key content areas in education for sustainable development. This evaluation study describes a school project that introduces students to scientific work and, more specifically, to scientific research methods in climate research. Using a pre-post design, the evaluation uses a scale measuring epistemological beliefs, as well as two other scales addressing the relevance of climate change in society and career prospects in the field of climate research. The quantitative questionnaire data indicate an increase in future career aspirations in the field of climate research. The qualitative interview data reveal positive changes in the understanding of science and show that an understanding of the nature of science can be promoted.
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1. Introduction


The opening sentences of the Summary for Policymakers in the IPCC 2014 Synthesis Report state that “Human influence on the climate system is clear, and recent anthropogenic emissions of green-house gases are the highest in history. Recent climate changes have had widespread impacts on human and natural systems” [1]. Those who wish to be prepared to face these new challenges need the appropriate knowledge and skills [2]. For this reason, the United Nations Educational, Scientific and Cultural Organization (UNESCO) launched the Climate Change Education for Sustainable Development programme within the framework of the UN Decade of Education for Sustainable Development (2005–2014) as a key programme in Education for Sustainable Development [3]. Climate change education is designed to enable people to understand the causes, processes, and impacts of climate change [4].



In the climate change school project described here, 16–18-year-old students engaged with a climate-relevant issue over a period of three to six months. Supported by meteorology students and climate research scientists, they prepared and presented a comprehensive lecture (including written research work) on a climate-related issue. Within the framework of the project, they also participated in scientific lectures on climate research and remained in constant contact with science personnel. In this way, the project contributes to climate education, promotes scientific discussion of climate-relevant topics, and gets schools actively involved in climate research. As part of a general science-based education, schools teach (or should teach) epistemological beliefs—that is, a basic understanding of the genesis, justification, and distribution of knowledge—as a necessary grounding for participation in society [5]. By doing so, an understanding of the nature of science can be promoted and a scientific approach can be trained. In addition to basic scientific education, geography teaching is intended to develop students’ understanding of scientific ways of thinking and working, as well as the associated uncertainties [6].



The aim of the present study was to evaluate the climate change school project in terms of epistemological beliefs and attitudes regarding climate science. The evaluation employs a scale measuring epistemological beliefs, as well as two further scales addressing the relevance of climate change in society and career prospects in the field of climate research. The study examines changes in epistemological beliefs regarding climate change among grade 11 and grade 12 students who have participated in a science-based climate project over a period of several months. After outlining the conceptual basics and theoretical framework, the empirical approach is described, followed by results and a discussion of the findings.




2. Conceptualization of the School Project as a Collaboration Between Schools and Climate Scientists


According to the educational standards for geography, the central task of geography teaching is to address phenomena and processes of current geographic and geoscientific relevance—such as climate change—and to develop strategies for action with students, based on well-founded expert knowledge, judgement, and problem-solving competences [7]. The school project Climate Change aligns with these aims. The project was established by a teacher and a climate scientist to promote science communication. Teachers are made aware of this project through further training courses, where they can make initial contacts with the project team. High school students spend about six months working on a climate-relevant issue (1–3 students per group), creating climate maps based on climate data models, and researching scientific sources. The students are supported at all times by climate scientists and meteorology students (meteorology students are far advanced in their studies; they are either undergraduates or graduating students) who conduct workshops, help to create maps, and recommend relevant literature. They visit schools a few times and are available to answer questions via email. The selection of participating schools was based on the time of the study. The participating schools were selected exclusively after the beginning of the study, since the project could not have taken place yet due to the pre-tests. The project enables participating students to learn more about climate change in their own pace.



The project’s core elements are as follows:




	
Cooperation with climate scientists;



	
Insight into scientific research methods (climate modelling and visualization);



	
Application of scientific methods to project work;



	
Promoting argumentation skills excursions to research institutes; and



	
Presentation of results to classmates, teachers, and scientists.








In addition, the project promotes the following skills described by Mochizuki and Bryan [3]:




	
Critical thinking, systemic thinking, and problem-solving competences;



	
Dealing with uncertainty;



	
Analysing, producing, and evaluating information; and



	
Information retrieval, media use, and technology.








The project topics encompass multiple areas of the natural and social sciences. This interdisciplinarity extends to teaching practices, as the project is integrated in geography, biology, physics, chemistry, and computer science courses.




3. Theoretical Background


3.1. Epistemological Beliefs


According to Mayer [8], epistemological beliefs are central to competence in the natural sciences and provide a good starting point for understanding the use of science-based knowledge in formal learning contexts (e.g., school, university), as well as in informal settings (e.g., private online research) [5]. According to Kremer and Mayer [9] and Höttecke [10], the term nature of science refers to the characteristic features of scientific knowledge acquisition and the properties of scientific knowledge. Understanding the nature of science is a key aspect of basic education in the natural sciences [11], encompassing both the teaching of content and the generation of knowledge. The present research focuses on epistemological beliefs—that is, fundamental ideas about the nature of knowledge and knowing [11] and about the emergence and justification of scientific knowledge [5]. As these beliefs constitute the underlying assumptions that frame content, they influence learning. For that reason, appropriate epistemological beliefs are a core component of basic scientific education [11].



In their review of the nature of science and epistemological beliefs Neumann and Kremer [12] identified two main strands of research, developmental-psychological and cognitive-psychological. There is broad agreement that epistemological beliefs develop at three main levels [13] as the individual progresses, from an understanding of knowledge as right or wrong (absolutism) to a position of relativism and, finally, to an understanding that individuals are active constructors of meaning, making judgments and commitments in a relativistic context (evaluatism) [14]. According to Mayer and Rosman [15], however, this assumption of an epistemological progression may not always apply. In this regard, Bromme, et al. [16] introduced the idea of ‘division of cognitive labour’ to describe how the production and safeguarding of knowledge necessarily involves some degree of specialisation. In almost all areas, man is a layman and must make science-based decisions based on the knowledge of experts [15]. In the present context, this tension becomes apparent later in the evaluation of the results.



The cognitive psychological approach focuses on the structure of epistemological beliefs, which is the focus of the present work. According to Hofer and Pintrich [14], the certainty and complexity of knowledge relate to the dimension ‘nature of knowledge’ while the source and justification of knowledge relate to the dimension ‘nature of knowing’. In contrast to the developmental psychological approach, this approach assumes that epistemological beliefs are multidimensional and that those dimensions can change independently of each other [5]. In their theory of integrated domains in epistemology (TIDE), Muis, et al. [17] “present a framework that incorporates both positions and hypothesize how the belief systems might interact in terms of the development of personal epistemology and relations to various facets of cognition, motivation, and achievement”.



According to this theory, the three hierarchical levels of generalized, academic, and domain-specific epistemological beliefs coexist and influence each other. The model assumes that a person’s epistemological beliefs develop throughout life and that general beliefs are intertwined with academic beliefs. Urhahne, et al. [18] concluded that domain-specific epistemological beliefs play an important role in understanding the nature of science, and that certainty, development, simplicity, justification, and source are core dimensions of scientific knowledge. Epistemological beliefs also play an important role in the concept of teaching and learning. Based on various sources, Mayer and Rosman [19] concluded that the relevance of epistemological beliefs lies in their importance for learning and knowledge acquisition in formal educational contexts (i.e., school and university), as well as for informal learning and processing of scientific knowledge in everyday life. In this regard, Urhahne and Hopf [11] showed that highly developed epistemological beliefs are positively related to achievement motivation and subject-specific self-concept in biology and physics.



The present study examines students’ epistemological beliefs about climate change in greater depth by assessing the extent to which participation in a science-based climate project over several months changed those beliefs and the extent to which the project contributed to that change.




3.2. Attitudes


In addition to epistemological beliefs on the topic of climate change, the present study investigates attitudes to the relevance of climate change and attitudes to a career in science. The two scales used here are adapted from Dijkstra and Goedhart [20], referring to Oskamp and Schulz [21] as “a predisposition to respond in a favourable or unfavourable manner with respect to a given attitude object.” The latent process perspective relied on here is described by Oskamp and Schulz [21] as a hidden process called attitude that occurs within the individual, and this is used to explain the relationship between stimulus events and the individual’s response.



In psychology, research on attitudes has a long history; Francis and Greer [22] provided a useful overview of the correlations between scientific attitudes and multiple factors such as age, gender, and intelligence. The present study investigates the extent to which participation in a science-related project affects attitudes to the relevance of climate change and possible careers in climate science. As participation entails a number of issues, such as interest and authenticity, this question can only be addressed by reference to several factors. For example, instructional practices informed by constructivism and project-based learning influence students’ attitudes and motivation [23] and interest also influences learning processes and outcomes, both in the sense of individual appreciation of certain subject areas and the desire to learn more about them [24].



Authentic extracurricular learning also promotes interest, where students leave the classroom and school environment to learn at some external location [25]. According to Dernbach, et al. [26], the objective of a science learning setting is to bring science closer to the students in order to provide information and to clarify scientific processes and findings. Existing research has focused mainly on science education, while epistemological beliefs remain largely unexplored in the field of geography education. However, climate change as a global phenomenon transcends the classical disciplinary boundaries and requires multiple approaches to teaching and learning, including a spatial perspective. In this regard, learning theories applied to the understanding of science are also relevant in the context of geography education. The present study contributes to the relatively neglected field of geography education.





4. Methods


4.1. Sample


The Climate Change school project targets students aged between 16 and 18 years. The students were divided into two classes in two different urban high schools. The climate scientists and meteorology students were the same people at both schools. The present quantitative study is based on a sample of students (n = 36) on two geography courses, who completed a pre- and post-test questionnaire. In a mixed method study design, qualitative data (n = 18) were collected in guideline-based interviews after completion of the post-test, following the approach described by Mayring [27]. According to Johnson and Onwuegbuzie [28], mixed method research can be defined as “the class of research where the researcher mixes or combines quantitative and qualitative research techniques, methods, approaches, concepts or language into a single study.” We decided to use the Sequential Explanatory Design [29]. This design seems to be appropriate because we use qualitative results to assist in explaining and interpreting the findings of a primarily quantitative study [29]. After the post-test, 18 students were interviewed in four groups of four or five.




4.2. Study Design


At two measurement points (before and after participation in the school project), students from both courses completed the questionnaire assessing their understanding of science and climate change (Figure 1). This was done during regular lessons and in the presence of the subject teacher. After a short introduction and joint completion of the first two pages (student codes, etc.), students completed the questionnaires, which took about 20 min. Data from the pre- and post-tests were analysed using the personal code assigned to each student.




4.3. Survey Instruments


4.3.1. Quantitative Instrument (Questionnaire)


The questionnaire was adapted from previously published and validated questionnaires developed by Conley, et al. [30], Kremer [31], Urhahne and Hopf [11] and Dijkstra and Goedhart [20]. It was necessary to modify the existing instruments for present purposes, adapting mostly science-oriented statements to the climate context. Table 1 shows some examples of scale items.



The questionnaire comprises six scales, as follows: Source of knowledge, certainty of knowledge, development of knowledge, justification of knowledge, relevance of climate change, and career in climate science. The first four scales refer to epistemological beliefs and attitudes to the relevance of climate change and careers in climate science. The scales address the following issues.



Source of knowledge: The source of knowledge scale captures how scientific knowledge is discovered and acquired by learners themselves rather than merely received from omniscient authorities [32], with values ranging from 1 (critical view of scientific statements) to 5 (uncritical).



Certainty of knowledge: According to Lederman, et al. [33] scientific knowledge is “although reliable and durable, never absolute or certain” In this context, Urhahne, Kremer and Mayer [32] noted that different theories explaining the same phenomenon may be correct as long as there is no evidence to the contrary Values range from 1 (complete certainty of scientific knowledge) to 5 (provisional view).



Development of knowledge: This scale captures the preliminary and changeable nature of scientific knowledge. According to Osborne, et al. [34], current scientific knowledge is “the best we have but may be subject to further change given new evidence” Values range from 1 (immutability of scientific knowledge) to 5 (continuous development of knowledge through new discoveries).



Justification of knowledge: In the natural sciences, knowledge is based on observations, experiments, reasoning, and scepticism; experimental data may support one’s ideas or reject them as unbelievable [32]. A value of 1 indicates perceived low relevance of experiments for scientific knowledge acquisition, as well as right/wrong thinking. A value of 5 indicates diverse opinions and well-founded judgements, as well as high relevance of experiments for knowledge acquisition.



According to Conley, Pintrich, Vekiri and Harrison [30] and Urhahne and Hopf [11], among others, the above four scales represent the dimensions of epistemological beliefs, accounting for the greater part of the questionnaire. The other two scales (relevance of climate change and career in climate science) refer to Dijkstra and Goedhart [20].



Relevance of climate change: This scale assesses perceived importance of climate change. If climate change has no relevance for the individual, this is indicated by a value of 1; if relevance is high, this is indicated by a value of 5.



Career in climate science: This scale measures interest in a future career in climate research. A value of 1 indicates lack of interest while a value of 5 indicates strong interest.



Items are measured on a five-point Likert scale (1 disagree, 2 somewhat disagree, 3 neutral, 4 somewhat agree, 5 fully agree). The climate change knowledge test is based on three options, as follows: Agree, disagree, and do not know.



After subjects completed the pre- and post-test (n = 36), the questionnaire data were subjected to exploratory factor analysis using the main component method with Varimax rotation. Differences between the two measurement points were further assessed using t-tests for paired samples. Given the small sample size, calculated significances can only be interpreted as a tendency and the focus is on the effect strength of Cohen’s d. This dimensionless value shows the practical importance of relevant effects and provides an estimate of effect strength, as it is not influenced by sample size [35]. Cohen’s d is calculated as the quotient of the difference between the mean values of post- and pre-test divided by the standard deviations of the differences [36]. For d < 0.2, the effect is low, d < 05 shows a mean effect, and the effect size can be described as large for d > 0.8 [35].




4.3.2. Qualitative Instrument (Interview)


Following the questionnaire-based post-test, guided interviews with two groups of students from each course (n = 18) were conducted and recorded. Groups of up to five students sat in the same room with the interviewer and the interviews were conducted. The interviews were recorded and then transcribed. The analysis was carried out with the MAXQDA software and evaluated with qualitative content analysis. A second rater analysed the interviews with the created code system. In the case of subdivided classifications, we discussed this and decided together. The interview guide was informed by the four scales measuring epistemological beliefs. Each scale included one or two open questions to encourage responses and group discussion. As well as eliciting useful and complex thoughts, uncertainties and misconceptions were easier to explore than with the closed question format used in the questionnaire. An introductory question at the outset (warm-up) made it easier for students to get involved.



The evaluation was based on deductive-inductive category formation with content structuring, as described by Mayring [27]. For this purpose, four main deductive categories were first derived for the four scales, and these were then inductively subdivided within each scale according to content statements.






5. Results


This section describes and compares the quantitative data from the pre- and post-tests, followed by qualitative evaluation of the guideline-based interviews.



5.1. Quantitative Analysis


Figure 2 shows the results for the epistemological belief scales and attitudes to climate change and career in climate science. The x-axis indicates mean values for each scale and the y-axis indicates mean values on the five-point Likert scale.



The effect strengths were calculated using Cohen’s d, as shown in Table 2. If the calculated value is d < 0.2, the effect strength is low, d < 0.5 represents an average effect strength, and d > 0.8 indicates a large effect strength [35]. Cohen’s d is defined from −∞ to +∞. For d < 0, the effect is negative; d > 1 indicates a large effect.



The source scale values change nominally from 2.54 in the pre-test to 2.48 in the post-test (p = 0.568). Mean values ranging from somewhat disagree to neutral reflect a slightly critical view of statements made by scientific authorities. From the respondents’ point of view, not everything said by scientists is necessarily correct or certain. A value of d < 0.2 indicates only a small effect.



On the certainty scale, respondents’ belief that knowledge is provisional and variable is indicated by the high pre-test value of 4.12 and the post-test value of 4.17 (somewhat agree) (p = 0.572), so rejecting the perfection of knowledge. Here, too, the values remain quite stable over the two measurement points and there is only a small effect strength of d < 0.2.



Values on the development scale change from 4.24 (pre-test) to 4.38 (post-test), indicating that scientific knowledge is considered subject to development and change. This shows a tendential change (p = 0.022), with values ranging between somewhat agree and fully agree and effect strength in the middle range.



The justification scale also shows a trend change (p = 0.027), with a pre-test value of 4.25, as compared to 4.35 post-test, and in the range between more likely to agree and fully agree. As the scale refers to the authority of scientists and multiple ways of acquiring knowledge, respondents tend to believe that scientific theories are based on different results and that scientists can change their minds. The effect strength here is also in the middle range.



Values on the relevance of climate change scale increase only slightly. The pre-test value is 4.17, as compared to 4.33 in the post-test (somewhat agree) (p = 0.067). Both are high values, indicating the topic’s perceived importance. Effect strength here is again in the middle range.



Pre- and post-test data for the career scale reveal differences between the two measurement points. While the pre-test value (2.81) is in the neutral range, interest increases in the post-test, with a value of 4.33 (somewhat agree) (p = 0.000). This indicates strongly increased interest in working in the field of climate research. The Cohen’s d value of 1.881 indicates a strong effect strength.



In summary, values on four scales remain high (somewhat agree to agree) while one scale remains stable and low (somewhat disagree) and one changes strongly (from neutral to somewhat agree).




5.2. Qualitative Analysis


The interview guide covered the four scales of epistemological beliefs used in the questionnaire. One or two questions were asked in relation to each scale, giving students an opportunity to respond more fully than in the multiple-choice questionnaire. The use of an introductory open question served as a warm-up to prompt insights on the topic of climate change. The answers focused on the drastic effects and complexity of climate change, which were variously described as ‘destructive’ (II: 4), ‘drastic’ (III: 6), ‘worse than imagined’ (III: 21) and ‘far-reaching and diverse’ (IV: 5). According to one participant, “industrialised countries—the polluters—do not have problems with, for example, low coastlines, as in developing countries. The countries that are actually to blame will get the most out of climate change” (III: 8).



The complexity of the issue was addressed by one student in the following terms, “you wouldn’t expect so many and such strong factors as are actually involved in climate change”. The same student expressed astonishment that “there are still people who say ‘that’s not man-made; there’s no such thing as that’” (I: 6).



Source of knowledge scale: This question asked students to what extent their view of the source of climate data had changed as a result of their participation in the school project. Almost all mentioned the considerable effort involved in data collection and modelling, speaking of a ‘meticulous process’ (IV: 16) that is ‘time-consuming’ (IV: 21) and of computers that ‘take months to calculate a data set’ (IV: 23). In this context, one student addressed the ongoing development of the models, “[...] if everything has to be reconsidered now, it will probably take another few years until you have all the data and then something will probably have changed again that you will have to recalculate. So, I think the computers will never stand still” (IV: 25). The possibility of working with ‘real’ modelled climate data surprised the students, “And it was really easy to go through the website and then just download this dataset and do the maps with this program. Well, it was a lot easier than I had imagined; I thought all this data was locked and that only certain people could access it or something” (III: 19).



Certainty of knowledge scale: This question addressed the extent to which participation in the school project had shown students the possibilities and limitations of modelled climate data. In this context, some students stressed that they had learned little about the climate system and climate data and their generation in school lessons, “At least in class I didn’t really learn that much about the climate in general” (I: 30) and “we didn’t work so much with climate data” (I: 29). Another group addressed the increase in knowledge through participation in the school project, “the field of vision has increased enormously” (II: 24); “one simply thinks quite differently about the influences of climate change” (II: 25); and “before, one hardly referred to data; because we have now done this in school, a lot has already changed there” (II: 26).



One student related the limitations of climate data to missing data sets, “Well, if you create the climate maps and there are no values, then there was simply a white area on the map [...]” (III: 40). Another referred to the uncertainties of the scenarios, “the limitations are that there are only these scenarios, and you don’t know which one will occur. [...] Only one scenario can be considered at a time” (III: 33).



Development of knowledge scale: This scale captured the extent to which students’ sense of the changeability and further development of climate models had changed following participation in the project. The student groups from both schools more or less agreed that there was only a small increase in knowledge about climate models, either because they “searched for more about facts about my personal topic than about the general topic” (I: 41) or because “I knew about modelling even before this semester and what is possible in principle, and my knowledge has not actually increased” (II: 34). The uncertainties of model calculations were also acknowledged, “Subject 2 has just mentioned that climate model 8.5 is now being changed again. This means that you are never actually at a point where you know that this is exactly what is likely to happen in the future. This is always a path that never ends. I would say this ongoing processing of the data is never absolute” (IV: 44); “But I think you should consider that any of these scenarios is theoretically possible, so you should talk about all of them” (IV: 57).



Justification of knowledge scale: The scale refers to the extent to which students have become more aware of how to arrive at scientific knowledge. Students associated this question with their online search for scientific articles. Much of the students’ homework consisted of literature research and only part of the work related to climate data. This explains their focus when answering this question, that they have learned “...to work with reliable sources and to refer to scientific results, and to get as good as they can into the matter they are researching, without relying on sources like Wikipedia or something like that but relying more on scientific institutes if they really want to work on something” (IV: 69). Some students spoke about measuring and observing data, “On the one hand, we collect data that we can collect everywhere in the world,” and “[...] through the behaviour of animals and plants, through their observation...” (IV: 69), (I: 43).



No explicit questions were asked about the relevance of climate change and careers in climate science scales, as these did not relate to epistemological beliefs. However, some of the content of student answers was relevant, which is why they are also listed here.



Relevance of climate change scale: The urgent need for good climate policy and more environmentally conscious attitudes was evident in some student responses, “[...] that it is now the last way to do anything and that now, through the Paris Accord [...] perhaps we are taking a step in the right direction” (I: 22); “I would say that in order to stop climate change, it is important that everyone looks at themselves and not just at others or at politics or other countries like the USA, where everything is even worse. Just ask yourself: What can I change in my everyday life to stop climate change or at least make a contribution [...]” (III: 21). One student concluded that “for [me], the most important insight was that everyone has to change something himself” (III: 25).



Career in climate science scale: While no explicit questions were formulated for this scale either, answers could be inferred. No student expressed a direct interest in a career in climate research, but their visits to the university and the German Climate Computing Center(DKRZ) remained memorable, “Yes, we have also heard this lecture from DKRZ (other B agree) about the complex computers they use and how long it takes to calculate (IV: 21); and “we were recently at the University of Hamburg and there I was also at such a researcher, climate day. (B4 agrees that he was there as well.) And they told us something that was very interesting, actually” (I: 9).





6. Discussion


This study represents a first step in evaluating the Climate Change school project, focusing on the extent to which participation changes the students’ epistemological beliefs and possible career perspectives.



Of the four scales related to epistemological beliefs, three remained at a stable high level (certainty, development, justification) and one remained at a stable low level (source). The relevance scale also remained at a stable high level while the career scale values increased from pre-test to post-test (d < 0.3; p < 0.10).



Values for the source scale indicate students’ slightly critical position regarding statements by scientific authorities. In that context, the TIDE model of Muis, Bendixen and Haerle [17] distinguishes between general, academic, and domain-specific areas.



As the questionnaire related specifically to natural scientists, these answers can be assigned to a specific domain, but different domains influence each other and contribute to academic and general beliefs. Early education (school) initiates the development of the individual’s academic epistemic beliefs, which are also socially constructed and context-bound [17]. It would be interesting to investigate whether values from other domains (e.g., statements by politicians, journalists, or academics themselves are viewed more or less critically, and whether they change throughout the life course.



The fact that values were ‘only’ within the slightly critical range can be explained by the theory of cognitive division of labour. As most people are not in a position to fully understand expert knowledge, it is important to deal appropriately with this lack of knowledge, and certain skills must be learned in order to evaluate second-hand assertions [16]. For this reason, it would be interesting to ascertain what the participants were thinking when they answered the question, as a lack of personal expertise means that one must rely in some way on statements made by scientists. Unfortunately, the question was differently interpreted by the students in the interview in terms of the considerable time and technical effort involved in data generation rather than the transfer of knowledge by authorities. In this respect, the qualitative data provide no further insights. On the other hand, it is generally necessary to evaluate sources as well as statements within the framework of possibilities if one is to avoid accepting everything at face value. The form of communication also plays a decisive role, but this is beyond the scope of the present discussion.



According to Lederman, Abd-El-Khalick, Bell and Schwartz [33], the possibilities and limitations of scientific data are reliable and permanent, but never absolutely certain, and this is discussed in the second interview question (certainty scale). Some participants recognised the limitations of the data and the process was also worked out by a group, showing awareness of the variability of model data and the importance of different scenarios. This is also reflected in responses to the questionnaire. Using Panoply (a map visualisation program) and MSCM (dynamic climate modelling software) allowed the students to handle different scenarios, deciding on one or comparing different scenarios.



The third interview question (development scale) focused on the fact that climate models are only projections and that generated climate data are always fraught with uncertainty. Most groups initially related the question to existential knowledge of climate models and spoke of a slight increase in knowledge, as they already knew that models project the future climate. The longer the question was discussed, however, the closer the students came to the core of the question. The ongoing development of climate models was described by one student as a path that never ends. Another participant indirectly addressed the diversity of models and the repetition of modelling runs.



At this point, it is worth noting the students’ excursion to the German Climate Computing Centre (DKRZ), which left a lasting impression. Supercomputers occupying an entire floor of the building model climate data day and night and model runs sometimes last several months. A lecture by a scientist as part of this excursion referred, among other things, to the developments in raster resolution and additional parameters in recent decades, including the increased use of physical and chemical parameters in the newer models. These models are complex and reflect the inherent uncertainty of the climate system. The willingness and ability to engage with uncertainty and to deal with it ‘productively’ are fundamental prerequisites for learning [37] and are building blocks in students’ understanding of science.



The final interview question addressed the justification of scientific findings gained through observation, experimentation, and modelling and how they can be confirmed or refuted at any time [32]. The high values in the quantitative data (4.24 and 4.38) confirm the perceived importance of diverse opinions and of scientific methods of gaining knowledge as referred to above. As noted by Urhahne and Hopf [11], those who pursue scientific knowledge are more interested in the subject and more motivated to perform; they have a higher subject-specific self-concept and use learning strategies that are cognitively demanding. (It would be interesting to test this idea in another study, but this is beyond the scope of the present discussion.) The interview question was related more to literature search than to the generation of scientific findings. The reliability of serious sources was emphasised and positive reference was made to the increased ability to research scientific content. These outcomes were supported by the school project and are generally positive.



The importance of climate change to the students was reflected in the stable high approval ratings on the Relevance of Climate Change scale. Active, long-term, and in-depth examination of a topic not only imparts specialist knowledge but, at its best, creates situational interest. According to Krapp [24], this can also promote individual interest, which can be interpreted as a positive motivational disposition towards a certain field of knowledge or action. The classification of climate change as an important and relevant topic can also lead to increased interest in pursuing a career in climate science, possibly because of personal contact with scientists and increased familiarity with the field within the framework of the school project. The students visited a climate research institute, worked alongside scientists, and were exposed to high-performance computers, giving them an insight into the professional work of the climate researcher.



As described by Meyer [38], these can be characterised as extra-curricular learning venues that support the pursuit of cognitive, instrumental, social-communicative, and affective learning goals. In the interviews, the students referred repeatedly to the excursion to the German Climate Computing Centre (DKRZ), confirming that the visit was memorable and aroused their interest. These places of learning are notable as encounters with an authentic person in the scientist’s mediation of science, [39]. In this context, Braund and Reiss [40] argued that “authentic school science should provide experiences that are more in line with the sorts of activities that scientists and technologists do in the real world of science and that such experiences should include student-directed tasks and more open-ended enquiries.” The increased interest in a possible career in climate research can be linked, among other things, to the intensive exchange with climate scientists and the accompanying insight into this field of research.



6.1. Assessing the Project


The Climate Change project also brings education for sustainable development into schools. The 17 goals of Education for Sustainable Development adopted by UNESCO in September 2015 articulate major challenges for humanity. SDG 13 focuses on “measures to combat climate change and its effects” [2]. To that end, learners should work towards stated objectives in the cognitive, socio-emotional, and behavioural domains [41]. Each of these domains is subdivided into five detailed objectives. On closer inspection, it becomes clear that participation in the Climate Change School Project addresses several of these objectives.




	
The learner understands the greenhouse effect as a natural phenomenon caused by an insulating layer of greenhouse gases [cognitive learning objectives].



	
The learner is able to understand their personal impact on the world’s climate, from a local to a global perspective [socio-emotional objectives].



	
The learner is able to anticipate, estimate and assess the impact of personal, local and national decisions or activities on other people and world regions [behavioural learning objectives] [2].








The Climate Change project contributes both to deeper discussion of climate-relevant issues and to the development of skills within the framework of Education for Sustainable Development. Participation. The school project also promotes other key interdisciplinary competences considered ‘transversal, multifunctional, and context-independent’ [2]. The understanding of the “nature of science” and the scientific handling of data will continue to be promoted.



The four dimensions of science understanding (source, certainty, development, and justification) [19] are promoted by participation in the school project. The relevance of epistemological beliefs lies in their relevance for learning and knowledge acquisition in formal educational contexts, as well as for informal learning and processing scientific knowledge in everyday life [19].




6.2. Limitations of the Project


One limitation of the present research is the small number of participants (n = 36) in the quantitative part. This prevents any reliable statistical generalisation about the understanding of science at a wider level. Future studies should increase the sample size to enhance generalisability. In the present case, the use of Cohen’s d value facilitated evaluation of effect strength.



As respondents differed in their interpretations of the interview questions, which were based on the questionnaire scales exploring epistemological beliefs. It is reasonable to ask whether the questions were formulated too imprecisely or whether the respondents could not cope with the complexity of the questions. We asked, for example, for the possibilities and limitations of modeled climate data. Some students answered that they missed datasets they need for their project, so they did not come up with the idea that the question did not refer to their project, but to climate data in general. So, there was no dealing with the complexity of the climate system and the uncertainties (population growth, dealing with renewable energy, etc.). As such, we suspect that the two issues are linked and for that reason, no conclusion can be drawn as to whether participation in the project promotes understanding of science as a whole. The consideration of selected scales shows only a deeper understanding of aspects of climate change, data generation, and the limits of climate models. During the interviews, it was noticeable that the questions frequently had to be repeated at the participants’ request, but for reasons of comparability they were not reformulated or explained. This suggests that the questions were unclear and possibly too complex. In the future, the questions should be distributed in printed form throughout in order to make them easier to understand.



Many variables influence the formation of science understanding (e.g., teacher personality, lesson design, teacher knowledge, topic, group dynamics) and, as these cannot easily be controlled, it is not practicable to include an experimental control group in this setting. Although we have collected other data from upper school geography lessons on climate change (where students did not participate in the school project), we have not included these data as a control group because of the difficulties of variable control. It is important to acknowledge that students can respond well without participating in the project, but these data lie beyond the scope of this study.



It is also important to note that the content of the epistemological belief scales was not explicitly taught, but formed part of the project only implicitly. In a study of sixth graders’ views on the nature of science, Khishfe and Abd-El-Khalick [42] found that “an explicit and reflective inquiry-oriented approach is more effective than an implicit inquiry-oriented approach in enhancing sixth graders’ views of the target NOS aspects.” On that basis, it is reasonable to ask how the project concept might be adapted to explicitly promote appropriate epistemological beliefs. In addition, the accompanying regular geography lessons on climate change might usefully be more closely coordinated with such a project, with parts perhaps conducted by project members (e.g., meteorology students).



The Climate Change school project will be run over a longer period of time (approximately six months) in parallel with regular geography lessons, which will of course consume more teaching time. The pupil-oriented approach (in which the main topics are chosen by the students themselves) enhances interest in learning about this important contemporary topic. The Fridays for Future movement, in which many students participate, confirms the relevance of climate change for students and the data on a potential career in climate science further confirm that authentic learning creates interest and attention.
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Figure 1. Design of the study. 
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Figure 2. Graphical representation of the mean values (pre- and post-test) for epistemological belief scales (source of knowledge, certainty of knowledge, development of knowledge, and justification of knowledge) and attitudes (relevance of climate change and career in climate science). The Likert scale ranges from 1 (I disagree) to 5 (I fully agree). 
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Table 1. Example items from the six scales of the questionnaire.
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	Dimension
	Example Item
	Number of Items





	Source
	Everyone should believe what climate scientists say.
	5



	Certainty
	In climate research, knowledge can change at any time.
	6



	Development
	In climate science, theories change or are replaced as new evidence becomes available.
	5



	Justification
	Good theories are based on the results of many different experiments.
	7



	Relevance
	Society should be more interested in climate change.
	6



	Career
	It would be interesting to work in climate research.
	5
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Table 2. Significance and effect strengths (Cohen’s d) for quantitative pre- and post-test data.
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	Dimension
	Pre-test
	Post-test
	Significance (p)
	Cohen’s d





	Source
	2.5389
	2.4833
	0.568
	−0.096



	Certainty
	4.1204
	4.1713
	0.572
	0.095



	Development
	4.2389
	4.3833
	0.022
	0.398



	Justification
	4.2540
	4.3472
	0.027
	0.384



	Relevance
	4.1736
	4.3333
	0.067
	0.315



	Career
	2.8056
	4.3333
	0.000
	1.881
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