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Abstract

:

Viewing the Earth from above has fascinated people at least since the Apollo mission in the 1960s. Today, satellite images have made their way into the news and media, but the potential of using satellite images in the classroom has not yet been exhausted. Teachers often lack the technical knowledge of Earth observation (EO) or the technical requirements in schools. The Geo:spektiv e-learning platform used provides the opportunity to integrate EO into curricula as well as current environmental- and space-relevant topics. This study analyses the driving forces that determine the motivation of students and which factors contribute to the success of an e-learning platform. The basis for this study is a Geo:spektiv module about the endangered rainforest, established at an out-of-school learning place and designed for students in secondary education. A survey of 281 students on their motivation and learning behavior showed, that in addition to the topic and level of difficulty tailored to the students’ needs, the design of the modules, simple navigation, and the use of multimedia content are vital. Despite the small sampling size and restricted geographical location of sample selection, the results of this study can contribute to better integration of digital geo-media in school lessons.
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1. Introduction


In recent decades, the popularity of digital geo-media technologies increased to an extraordinary level. Geo-spatial technologies such as geographic information systems (GIS), Earth observation (EO) and global navigation satellite system (GNSS) applications with portable geo-tools are widely and used in our society on a daily basis. The growing number of applications shows that digital geo-media are one of the central technologies of future societies. EO, as a central part of this, offers a large, yet unexhausted potential for educational purposes [1]. Based on the emergence of many EO satellites, almost all areas of the Earth´s surface can be observed in high spatial and temporal resolution. Therefore, EO data have become particularly significant for various scientific applications [2].



In terms of educational use, manifold geographical and environmental topics implemented in school curricula can be explored by using EO data. Awareness of key global issues in the 21st century, such as urbanization, decreasing biodiversity, environmental hazards and food security, can be enhanced by using satellite imagery. In particular, their graphic representation and timeliness demonstrate their didactic capability [1]. The student-centered and student-adapted use of digital geo-media in classrooms helps students to improve their spatial thinking, orientation competency, and expertise in the treated topic [3,4,5]. For many science, technology, engineering, and mathematics (STEM) disciplines, spatial thinking is an important cognitive skill [6]. Teaching with digital geo-media not only aids in building important competencies but can also promote a fascination in EO and can support interest in STEM disciplines [7,8].



Due to the growing importance of geo-spatial technologies in a large number of occupational fields and their potential in a competency-orientated curriculum, digital geo-media are embedded in federal school curricula in countries such as Germany, the UK and Switzerland [9,10,11]. To capitalize on EO, teachers need EO-specific technological pedagogical content knowledge (TPACK)—the knowledge needed to use EO technology with suitable content in a student-adapted way [12,13]—and proper technical infrastructure. Despite dynamic development in the EO market and its establishment in the curricula, EO is not yet firmly embedded in the field of teacher training. For this reason, EO-specific TPACK is not common knowledge [14,15,16]. Furthermore, required technical equipment, such as the nationwide availability of WIFI, and adequate equipment, is still lacking in Germany [17]. The latter is supposed to be tackled through the German strategy for digitalization in schools [18].



In a fast-developing sector such as EO, training is necessary to keep up to date [19]. In recent decades, many new, even freely available, tools for analyzing EO data were developed for experienced user groups (e.g., QGIS, SNAP, and the Science Toolbox Exploration Platform). In addition, a wide range of state-owned providers (e.g., the DLR and ESA), research institutes such as universities, and private institutions (e.g., Tama Group and Geo University) offer e-learning courses, massive open online courses (MOOCs) [20], and face-to-face trainings [21] on EO topics for advanced users groups and for higher education students. Consequently, in recent years, various attempts have been made to develop materials and teaching models for non-experts such as teachers and students. Intergovernmental organizations, space agencies, universities and institutes offer a wide range of platforms and training courses addressing students of different ages. Projects such as YCHANGE and EO4GEO aim to improve competences in EO at the European level. YCHANGE (YCHANGE—Young Scientists as Change Explorers (https://ychange.rgeo.de/)) offers free learning material in six different languages for different school classes and EO4GEO (EO4GEO—Skills development and capacity building in the EO (http://www.eo4geo.eu/)) bridges the gap between EO, geo-information and education through collaboration between various European partners [22]. Other international initiatives such as Eduspace and the various European Space Education Resource Offices (ESEROs) support the use of satellite imagery for educational purposes at the primary and secondary school levels in cooperation with national partners [23]. While teacher training has a long-term effect on the implementation of EO in schools, out-of-school learning places and ready to use material offer opportunities for teachers to include EO in classrooms, even if their EO-specific TPACK is lacking.



Out-of-school learning places can offer students new insights into methods, materials, and objects, which cannot be used or analyzed in classrooms. If students can work with methods, materials, and objects in out-of-school locations, such visits may arouse the interest of students in a topic and increase their methodological competence [24]. EO is a topic in several museums (e.g., Deutsches Museum and Deutsches Museum flight yard Schleißheim), but often reduced to the technical aspects of taking aerial photographs and satellites. At the Heidelberg University of Education, the GIS-Station, as a competence center and out-of-school learning place for digital geo-media, has been around since 2009, aiming to combine research, teacher training, and education by offering courses on topics in digital geo-media for students and teachers. Other methods of bringing EO into classrooms include e-learning and digital materials. Initiatives in this field range from interactive, web-based learning modules including digital materials such as FIS (FIS—Remote Sensing in Schools (http://www.fis.uni-bonn.de/en/node/22)) [15,25] and augmented-reality apps such as Columbus Eye (Colombus Eye App (http://columbuseye.rub.de/english/)) [26] up to e-learning platforms (Geo:spektiv (Earth observation for adolescents—Geo:spektiv (www.geospektiv.de))) with web-based EO application (BLIF (BLIF—Focus on Remote Sensing (https://server2.blif.de/login))). The last three initiatives offer ready to use materials to teachers in order to conveniently integrate EO into their school lessons. Websites such as Google Maps, Google Earth, and Bing-Maps grant easy access to integrate satellite images in lessons. The simple usage of satellite images merely as a substitute for topographic maps excludes many EO applications, whereas services such as FIS and BLIF offer students the possibility to use interactive EO applications such as false-color composites, classifications, and the usages of indices such as the Normalized Difference Vegetation Index (NDVI).



The use of geo-information technology does not automatically lead to higher learning success among students [27,28]. However, student-centered approaches facilitate an increase in student motivation [29], expertise [4], and specific competencies, such as spatial thinking [3]. Furthermore, different studies have indicated the positive effects (e.g., on performance, social presence, and enrollment rates) of using online learning resources according to gender differences in STEM education [30,31].



The learning success of students depends on their socio-cultural background, their level of general intelligence, and their teachers. In addition, motivation, self-concept and the absence of fear have a noticeable influence [32]. In terms of e-learning, motivation becomes a main factor in the success of learners. Motivation, itself, can be divided into extrinsic motivation, intrinsic motivation, and amotivation [33]. While extrinsic motivation is more restricted and artificial, intrinsic motivation is self-determined and autonomous and, therefore, more sustainable for long-term learning [34]. Ryan [34] further developed the concept of self-determination, pointing out that interest, enjoyment, autonomy, and perceived competence are important factors that influence intrinsic motivation [34,35]. Based on this theory, Wilde et al. [36] developed the short scale of intrinsic motivation (KIM), an easy to use measuring instrument for students’ intrinsic motivation during an activity [36]. A high level of intrinsic motivation, indicates that students feel successful. This is an important factor for their learning success [32].



As mentioned above, the implementation of EO in classrooms is embedded in many curricula and comprises many added values and opportunities. However, there are many constraints in using such technologies in schools, including a lack of EO-specific TPACK among teachers as well as a lack of technical equipment. There is a need to highlight the factors that influence the successful use of diverse learning applications, how to increase the quality of these applications, and how to consolidate appropriate didactic concepts. This study reveals two available approaches to implementing EO in classrooms: (1) out-of-school learning places and (2) EO-specific e-learning platforms. With a focus on secondary education, the presented study describes how to successfully implement EO and digital geo-media with topics relevant to the curricula. First, an out-of-school learning place for digital geo-media is presented. Second, Geo:spektiv as a representative e-learning platform with its module ‘Rainforest in Danger’ is presented. Based on a standardized questionnaire completed by n = 73 students in secondary education, a detailed examination has been carried out on the motivation of students, with respect to design, level of difficulty, and interest in satellite images of the module. To cross check and validate our detailed results, we analyzed and compared the factors that influence the successful use of two additional Geo:spektiv learning modules (n = 208) among secondary school students.




2. Materials and Methods


2.1. Embedding Earth Observation in School Curricula


As already mentioned, the GIS-Station was initiated in 2009 as an out-of-school learning place and further education center. Since then, all student courses and teacher training have been evaluated and statistically recorded in order to determine how relevant the topics around digital geo-media are for everyday school life and which courses can be newly developed. The courses are divided into three sections—(1) Earth observation, (2) GIS and (3) mobile geo-tools.



To bring EO into classrooms and to reach schools nationwide, the free e-learning platform Geo:spektiv was developed in 2015 based on a comparative study of German curricula in secondary education to meet the needs of the teachers. The curricula in Germany are different for each federal state but overlap in many points. In order to be able to record spatial and thematic specifications uniformly and to examine them with regard to characteristics such as ‘class level’ and ‘federal state’, all entries in the curricula were recorded in tabular form, marked according to class level and assigned to a topic and a spatial category. The analysis showed that the extent, preciseness, and terminology of EO in each federal state differ according to the respective curriculum [9,37,38].



Based on these findings, practice-related case studies in relation to EO and EO data were created. The case studies, e.g., the tsunami disaster in Japan and the drought in California, were compiled in various problem-oriented and curriculum-relevant learning modules. The basic structure of all courses is similar and subject to the same quality management with corresponding testing and evaluation. Therefore, it is assumed that statements are transferable. As an example, the naming of educational curriculum-relevant content in relation to the topic of the rainforest is presented in Table 1. The ‘Rainforest in Danger’ module was designed on this basis.



This excerpt illustrates that the rainforest is a particularly relevant topic in geography lessons in grades 7, 8 and 9 (age 11–14) for secondary education and in the curricula of federal states. Based on the above-mentioned curricula analysis, ten learning modules were created.



The structure and design of the e-learning platform Geo:spektiv is currently unique in the field of education and EO, as the learning platform with its thematic content is linked with the web-based EO application BLIF. The students pass through a module of a specific topic and solve tasks to test their learning success. In addition to different types of quizzes, satellite images must be analyzed, processed and interpreted. In addition to false color images and classifications, the NDVI as a vegetation index can be calculated or the extent of areas can be measured. For correct answers to questions and quizzes, students receive points, which are awarded as a certificate at the end of the module.



Special emphasis was placed on a student-friendly design: short learning units within the modules, different quiz formats, and video and interactive content in order to ensure variety for the students. For the lower class levels, a fictional character (see Figure 1) guides the students through the modules and accompanies them until successful completion (use of the personalization principle). Relevant images and graphics are also deliberately included in order to convey the learning content both textually and graphically (use of the multimedia principle). Following the coherence principle, only information and content necessary for the module are presented in order to maintain focus on the topic. Interactive maps, for example, are directly embedded in the module and do not have to be called up separately [43].



In terms of individual and self-reliant learning [44], potential adaptivity has been added to the learning modules as a unique feature in the current EO learning platform environment. For a more detailed description of how adaptivity of Geo:spektiv works and how it is implemented, see Matusch et al. [45]. The platform has been fully operational since 2018 and can be used by everyone for free. In addition, translations of the courses into English and Spanish also enable use in bilingual teaching.




2.2. The ‘Rainforest in Danger’ Module


In our study, the Geo:spektiv modules ‘Rainforest in Danger’, ‘Life at the Volcano’, and ‘Flood Disaster in Germany’ were evaluated. To depict the operation mode and adaptivity of Geo:spektiv, the ‘Rainforest in Danger’ module is described as an example in the following subsection. It is similar to all other modules in terms of composition, technical specifications, and adaptation possibilities. The module deals with the Peruvian rainforest as a specific biodiversity hotspot, its potential, threats, and how it can be observed using satellite images. According to the German curricula, the module is aimed at 12–13-year-old students (corresponds to class 7/8 in Germany) and lasts a duration of 90 minutes.



The fictional character ‘Gustavo’, a biologist from Peru, guides the students through the module (see Figure 1). The students are supposed to ‘support him’ in his everyday work to protect the rainforest and the home of the Wattled curassow (Crax globulosa). A dark green was chosen as the accent color to match the content. The background image consists of a section of the satellite scene to be edited later.



In the case study on the Peruvian rainforest, the students work with selected Landsat 8 scenes, showing the intact rainforest in comparison to the deforested areas for the plantations.



To enable the students to work with the satellite images, the learning platform Geo:spektiv is linked to the web-based EO application BLIF (as illustrated in Figure 2). Within the individual learning units, the students are guided to BLIF for the analysis and processing of satellite images. The Landsat images used offer the advantage of free availability at a global scale and a possible retrospective view of recent decades. In the web-based application, they are guided step by step and are accompanied by additional information throughout the exercise.



To enable later comparisons of students results, it is possible to export the edited satellite image, e.g., in false colors or the classification result, and save it in a common storage format. The students work their way through the module individually but will receive the same results and gain a certificate of their individual learning success afterwards.




2.3. Data collection


In 2017, the rainforest module was carried out by four classes—a total of total 73 secondary education students—at the DLR school lab in Oberpfaffenhofen, Germany. Subsequently, the students completed a standardized questionnaire with 22 closed items (5-point Likert scale) concerning their opinions on the topic, structure, usability, media used, and design of the learning module. In addition, 12 questions from the short scale on intrinsic motivation (KIM) from Wilde et al. [36] were added. The KIM includes three questions for each of the factors ‘interest/enjoyment’, ‘perceived competence’, ‘perceived choice’, and ‘pressure/tension’. All 34 questions can be found in the Appendix A (Figure A1).



All 73 questionnaires were completely filled. In most cases, the Likert scale runs from 1 ‘totally disagree’ to 5 ‘totally agree’; in other cases, the scale of the questions was aligned to obtain comparable results. Afterwards, the three questions for each of the factors of the KIM were grouped into the factors ‘interest/enjoyment’ (F1), ‘perceived competence’ (F2), ‘perceived choice’ (F3), and ‘pressure/tension’ (F4) [36]. Because other questions provided answers to similar issues, the items Q12, Q13, Q14, Q15, Q19, and Q20 were grouped into the factor ‘design’ (F5) and the items Q8, Q9, and Q10 into the factor ‘interest in satellite images’ (F6). For all grouped factors, the mean value of the items was calculated. Table 2 illustrates the grouped questions and Cronbach’s alpha for each factor.



A correlation analysis was carried out to determine indicators for interrelations between factors that can be modified in an e-learning module such as the design or the media used. Therefore, a correlation matrix with all one- and multidimensional variables was calculated using Pearson’s r (Figure A1). The p-values were calculated too.



In a second step, the students were twice divided into two groups, according to their prior knowledge on (i) the topic of the rainforest module, and (ii) their experience of working with satellite images. In the first group of the first division, 42 students had dealt with the topic of the rainforest module before, whereas 26 students from the second group did not. In the group of the second division, 39 students had dealt with satellite images at least once a month, whereas the second group (19 students) had dealt with satellite images less than once per month. As some students selected ‘unable to answer’, less than 73 students were in both divisions. To take a closer look at the similarities and differences for the above-mentioned factors, F1–F6, for boxplots were calculated these four groups (see Figure 8). Additionally, the mean value and the standard derivation were calculated. For a better understanding, all values were rounded to two digits. Data analysis and calculation were carried out using python 3.0 with the pandas, numpy, and scipy library.



For validation reasons of the obtained results from the first dataset, we analyzed two additional datasets. These two datasets contain the answers to the same questionnaire from secondary education students, completed after performing the learning modules ‘Life at the Volcano’ (n = 134) and ‘Flood Disaster in Germany’ (n = 74) at the DLR school labs. For both datasets, the values and correlations of the six factors, F1–F6, were calculated and compared to the values from the first dataset.





3. Results


With the growing importance of geo-technologies in many sectors, the described implementation of related competencies into the educational landscape is of vital importance.



3.1. Brief History of the Course Development at the GIS-Station


Activities carried out at the GIS-Station were motivated by the need to mitigate explained shortcomings and to build up the competences of teachers and multipliers. Since the establishment of the GIS-Station, more than 1100 courses with almost 20,000 participants were conducted. This included inter alia courses related to EO (221), GIS (244), digital globes (99), and geocaching (515). Due to a growing capacity and professionalism, a steady increase in conducted courses, especially between 2010 and 2017, has been recorded (see Figure 3). Currently, the out-of-school learning place offers 58 different courses on EO, GIS, and mobile geo-tools. As an extracurricular teaching and research institution, the main target groups are students (15,323) and teachers (642). However, other stakeholders also took part in the courses, e.g., trainee teachers (642), accompanying teachers (772), and multiplicators (3225). Taking a detailed look at the topics of conducted courses from 2010 to 2019, general trends become apparent. The demand for courses on digital geo-media has risen consequently over recent years. Geocaching was the topic of most conducted courses, dominating the list of topics since 2015. This is not surprising, since related competences such as competence in orientation, e.g., fostered through geocaches [5] and analysis, have already been implemented into several curricula. Additionally, the broad availability of mobile GPS devices facilitated this development.



Among other trends, the demand for WebGIS courses at the GIS-Station has gradually decreased, probably because of the launch of some comprehensive WebGIS applications in recent years in Germany (e.g., webgis.sachsen.schule and Diercke WebGIS). While the number of WebGIS courses decreased, the number of courses on digital globes as an introduction to GIS for the 5th and 6th grade classes remained stable. Here, a focus on competencies such as map reading and orientation skills for young students can be found. Most WebGIS applications are easy to handle and offer high availability even for poorly equipped schools with limited computation power. However, the number of GIS functionalities are limited in WebGIS applications [46]. The better the system requirements in the schools and the higher the class levels, the higher the demand for desktop GIS courses. Accordingly, in these courses, more complex technical and methodological competencies at the level of workplace and industry-wide technical competencies are integrated [47].



The number of EO courses increased up to a peak in 2013 and decreased afterwards to the lowest level in 2018. Surprisingly, this development is contrary to the growing importance of EO applications. The trigger was the establishment of the e-learning platform Geo:spektiv. Since its introduction, participants used the advantages of an online platform as a learning offer independent of time and place. Accordingly, the new online courses replaced the former EO courses up to a certain limit.



Based on the increasing availability of smartphones, the new topic of ‘Apps’ initially appeared in 2017 and increased in importance. This shows the growing importance of mobile devices such as GPS devices and smartphones for teaching issues. Furthermore, this illustrates the growing demand of online learning offers. Face-to-face training and direct communication remain essential but are increasingly supplemented by online offers. A guiding principle and factor of success at the GIS-Station is an interdisciplinary flexible arrangement of offered courses. The implementation of curricula is not in a linear fashion. Rather, the same competences can be acquired by students and teachers using different formats and courses.



In addition to services for school classes and students, specific courses were developed with a focus on trainee teachers, teachers, and educators in general. In these courses, methodological competences are especially imparted. By using the training of trainers (ToT) approach, it is possible to increase leverage and enable educators to conduct courses independently.




3.2. Assessment of the ‘Rainforest in Danger’ Module


Taking a closer look at learning motivation in Figure 4, in addition to the topic of the learning module (3.99), the interest of students working with the learning module (4.11) was positively evaluated by the students. While most students stated that they have learned a lot about satellite imagery (3.96), they also stated that they enjoyed working in the learning modules (3.86). Solving problems with the help of satellite imagery was less important (3.24), but the visual appearance of the view ‘from above’ was a motivating factor (3.34). The majority of students were not overstrained by the module (1.86).



Detailed assessment of the module, as illustrated by Figure 5, reveals that, for most students, the texts were comprehensible (4.51) and the graphics as well as videos and animations helped to better understand the content (4.26). With an assessment of 2.90 and 2.14, respectively, questions were not too easy or too complicated. Again, there were very positive ratings for the layout (4.43), which also helped in navigating through the module (4.22). Accordingly, students felt quite independent and were able to control their own work (4.00). Most of the students felt no pressure or tense while working in the module (1.75/2.03). Eventually, students were mostly satisfied with their performance (3.93) and work that they had performed (3.83).




3.3. Correlation Analysis for the ‘Rainforest in Danger’ Module


Based on the students’ assessment described in Section 3.2, it is important to find out the decisive catalyst of student’s motivation and learning success. The complete results of the correlation analysis are available in the Appendix A as Figure A1. They include the factors of the short scale of intrinsic motivation by Wilde et al. [36] and the two additional factors. The correlation analysis of 34 questions answered by the students and six calculated factors gives new insight into the relations between the different factors. As mentioned above, particularly strong correlations were assessed for questions focusing on the same factor. Those significant correlations indicate that the intrinsic motivation of learners is dependent on varying factors. Our analysis indicates that a few factors with major significance for the motivation of learners exist. According to Wilde et al. [36], the calculated factors (F1–F6) are particularly interesting for deriving general statements [36]. This is specified, e.g., for the topic of interest (Q1, Q2, and Q3) and competence (Q26, Q27, and Q28). All mentioned correlations have p-values under 0.05 and are, therefore, significant. As shown in Figure 6, focusing on the overstraining of students (Q5), a weak negative correlation (−0.33) was found with fun (Q1), interest in the topic (−0.32, Q11), or the nature of tasks and questions (−0.33, Q15). In contrast to this, a moderate correlation (0.51) was found with pressure (Q32). Almost strong correlations (0.68) were identified between an interest in working with satellite images (Q18), a general interest in the topic (Q11) and fun working with satellite images (0.70, Q6). A moderate correlation (0.54) was found between the design of (F5) and navigation within the learning module (Q20). Furthermore, the layout influenced the students perceived freedom of choice. There is a moderate correlation (0.54) between perceived choice (F3) and the question concerning the layout (Q19).



Keeping in mind that various questions were summarized into the six factors, several strong correlations are not specifically mentioned and illustrated in Figure 6. This includes correlation between F1 ‘interest/enjoyment’ (Q1, Q2, Q3), F2 ‘perceived competence’ (Q26, Q27, Q28), F3 ‘perceived choice’ (Q29, Q30, Q31), F4 ‘pressure/tension’ (Q32, Q33, Q34), F5 ‘design’ (Q12, Q13, Q14, Q15, Q19, Q20), and F6 ‘interest in satellite images’ (Q8, Q9, Q10), which are given in Figure A1 in the Appendix A. The first four factors (F1–F4) represent the above-mentioned short scale of intrinsic motivation by Wilde et al. (2009) [36], while design and interest in satellite images represent added factors, contributing additional value to the evaluation. Focusing only on these factors, the strongest correlation (0.72) can be found between ‘interest/enjoyment’ (F1) and the ‘design’ of the learning module (F5). Regarding the interest of students, further particular positive correlations were assessed with the topic (0.69, Q11) and the course, itself (0.62, Q21). The factor ‘pressure/tension’ (F4) does not correlate positively with any other factor. However, there is a weak negative correlation (−0.24) with the factor ‘design’ (F5).




3.4. Comparison with other Learning Modules


To validate our findings, we compared the six calculated factors from the ‘Rainforest in Danger’ module with two other evaluated learning modules. Despite a few differences, the general statements remain constant. In the other examined learning modules, the ‘interest/enjoyment’ (F1) of the students is more important to achieve higher ‘perceived competence’ (F3) and ‘perceived choice’ (F4), visible by larger correlations between F1 and F2 as well as F3 in Figure 7. Further, ‘interest in satellite images’ (F6) is slightly more important for the other two analyzed learning modules. The factor ‘design’ (F5) remains important, but even more for ‘perceived competence’ (F3) and ‘perceived choice’ (F4). As desired when creating the learning modules, the factor ‘pressure/tension’ (F4) in the other two learning modules is slightly negatively correlated with ‘interest/enjoyment’ (F1), ‘perceived competence’ (F3) and ‘perceived choice’ (F4), and ‘design’ (F5).



Due to the limited sample size, thematic differences and corresponding contents of the learning modules as well as the correlations between the factors differ. However, by performing a cross check using the results of two other examined learning modules, findings from the ‘Rainforest in Danger’ module can be confirmed.




3.5. Influence of the Prior Knowledge


According to their prior knowledge (p.k.), students were divided into two groups. As illustrated by Figure 8, the mean values, first quantile, and median values are above three for all factors, except for F4 ‘pressure/tension’. As shown in the upper boxplot, for F1 (4), F2 (4), F5 (4.33), and F6 (3.33), the median values for both groups are similar. The values differ markedly only for F3 and F4. Students with prior knowledge evaluated ‘perceived choice’ higher (4) than students without prior knowledge (3.67). Further, students with prior knowledge felt slightly higher ‘pressure/tension’ (1.67) than students without prior knowledge (1.33). For all six factors, the standard derivation is below one.



When focusing on their available experience (a.e.) of working with satellite images and dividing students in two distinct groups, the mean values, first quantile, and median values for all factors are above three, except for F4 ‘pressure/tension’ (both groups) and F6 ‘interest in satellite images’ for the group with no experiences. For F1 (4.17, 4), F2 (4.33, 4), and F5 (4.5, 4.33), the median values for the experienced group are marginally higher. This also applies to F6 (3.67, 3.33), but in comparison with slightly lower median values. For the remaining factors, F3 (3.67) and F4 (1.67), the level of experience of working with satellite images had no significant impact on the evaluation by the students. For all factors, the standard derivation for both groups is below one, except for F4 for the group with experience (1.05) and for F6 for the group without experience (1.03).



For both divisions and groups, the values for F1, F2, and F3 are high and the values for F4 ‘pressure/tension’ are low. According to Wilde et al. [36], this can be summarized as a high intrinsic motivation among all groups [36]. Neither the prior knowledge nor the available experience of working with satellite images has a significant influence on the intrinsic motivation of students, their interest in satellite images or their positive perception of the design. Using the same approach, we also analyzed the students’ evaluation of the other two learning modules. The above-mentioned results were confirmed. The related boxplots are available in Figure A2 and Figure A3 in the Appendix A.





4. Discussion


The assessment of the motivation of students shows significant factors that play an essential role in developing and designing e-learning modules for students. Taking into account that the majority of students enjoyed working self-reliantly and achieved perceived considerable learning outcomes, we considered the evaluation in general as positive. Certainly, based on our small sample size of the detailed analysis (n = 73), our study is facing a considerable selection bias. To somewhat overcome these limitations, an additional evaluation of two other learning modules (n = 208) was performed. As illustrated in Section 3.4, the analysis showed comparable results across the learning modules and validates the general statements about the role of design, students´ prior knowledge, and available experience in relation to EO-specific e-learning. Nevertheless, these findings are of limited validity due to the geographical bias.



4.1. Influence on the Motivation of Learners


As mentioned above, the intrinsic motivation of learners is of vital importance for the success of e-learning offers. We observed high interest among students in working with satellite images. The correlation between the design of the module and the interest illustrates the importance of visual presentation, following the principles of Clark and Mayer [43]. According to the survey results, animations and videos, and graphics more so, helped to facilitate the students’ understanding. However, in addition to the visual presentation of an e-learning module, the design and structure are also crucial. The students assessed the layout of the module as ‘very positive’ and the navigation as being ‘easy’. A moderate correlation (0.43) between the ‘design’ (F5) and ‘perceived freedom of choice’ (F3) indicates an important relation, in particular between controlling their own work (Q29) and graphics (0.51, Q13) as well as the layout in general (0.48, Q19). This indicates that the design is an effective instrument to take pressure off the students and to enable self-guidance, in addition to stimulating the learning outcome and interest of students.



To maintain high motivation of students, the degree of difficulty has to be considered. Both overload as well as underload appear to be limiting thresholds [48]. As shown in the assessment, weak values for the related questions Q6, Q16 and Q17 indicate tasks and questions of the modules were neither too easy nor too difficult. A decisive factor could be the adaptivity of the platform [45], categorizing students into different groups according to their performance. Accordingly, high-achieving students are confronted with more complicated questions, whereas low-achieving students receive questions that are easier to answer. In order to assist the teacher, all groups end up with the same results, strengthening the common experience and enabling a subsequent exchange about the learning modules and its content. Moderate correlations between the overload of students (0.54, Q5) and too demanding questions (0.47, Q17) with ‘pressure/tension’ (F4) illustrate that instructional designers of e-learning modules need to be careful and adapt the materials to the needs and living conditions of students [48]. Furthermore, the need for student-adapted content is indicated by weak negative correlations between the overload of students (Q5) and enjoyment (−0.33, Q1) and interest (−0.32, Q11). Results of the tested adaptive learning module show that students did not feel any pressure or tension. The majority achieved satisfying results according to their own estimations.



Our study shows high interest among students in learning new things, obtaining information about the endangered rainforest and working with satellite images. Slightly less interest was measured regarding the satellite images themselves. Most students regularly work with Google Maps or similar applications, but do not really notice the satellite images and technical implementation. Moreover, our study shows that the intrinsic motivation is neither dependent on their topic-related prior knowledge, nor on how often they have worked with satellite images. Both statements indicate that teachers can conduct the module without advanced knowledge and preparation of the students. However, results from the boxplot analysis showed that interest in satellite images was considerably higher for students with available experience of working with satellite images.




4.2. E-learning Offers and Competence Development


As different studies show, e-learning offers can aid but cannot replace teaching in schools [49,50]. The tools and methods used differ considerably and, accordingly, so do the competences that students acquire through the interventions. The curricula of the German federal states provide a wide range of possibilities for acquiring process-based competences, e.g., in the fields of orientation or analysis. Students can utilize, for instance, digital geo-media and information from EO for spatial analysis in order to enhance their competences in elaborating, analyzing and characterizing geographical structures and processes as well as to illustrate systemic relations [9,51]. Digital offers such as Geo:spektiv provide an added value compared to the use of textbooks and printed aerial or satellite images. Accordingly, the handling of (Web)GIS and derivation of information from aerial or satellite images becomes increasingly important and widespread. Therefore, digital tools can be integrated into school lessons to increase the flexibility of teaching approaches. These are primarily the aforementioned analysis tools as well as interactive features that are not possible without the use of digital tools. This enables, e.g., the integration of reflexive approaches such as the examination of land-use changes and interpretation of associated circumstances [9] and also the systematic exploitation of areas of investigation in the context of sustainability issues [51].




4.3. Implementation in Schools and Curricula


Despite the various pilot projects and initiatives (e.g., FIS [15], Columbus Eye [26], and ArcGIS [52]), the scope of these applications on EO for students and teachers is still limited. In recent years, the use of digital geo-media has become an important factor in larger frameworks such as the digitization and strengthening of STEM subjects in all types of schools [1]. Due to different curricula in Germany and at an international level, requirements and implementation strategies vary between schools and individual teachers too. The integration and utilization of technology in school lessons and in the context of TPACK require an understanding of the technology and an estimation of the possibilities that this technology offers [53]. Höhnlein et al. [54] emphasized that, in addition to technical issues, the lack of technical and pedagogical knowledge of teachers limits the use of GIS in classrooms [54]. Therefore, trainee teachers and teachers in general need to become familiar with the new tools and learn how to integrate them appropriately into their teaching activities. The results of our study indicate that teaching with EO using a step-by-step approach is an appropriate approach to integrate EO into classrooms and to facilitate teachers during this process. Due to its spatial nature, the use of digital geo-media is particularly useful in geography lessons, but not limited to these. Due to the range of EO topics, courses can also be used in subjects such as biology, social studies, economics or physics, and thus be applied across subjects [55,56]. In particular, the ‘Rainforest in Danger’ module is suitable for biology lessons. The topic of tropical rainforest as an opportunity to assess an ecosystem, environmental factors, and human-environmental relations is embedded in the same course level as in geography [9].



Achievements made by out-of-school learning places show their immense importance [57]. For the development and evaluation of courses with new didactical approaches, out-of-school learning places with scientific supervision, both for the subject science and didactics, are of great relevance. This enables scientific research with relevance to school teaching and the impact on the wider community [14,28,29,51,58,59]. Results of associated research provide essential fundamental data for the further development of educational offers at the regional, national, and international level. Furthermore, out-of-school learning places can bridge the lack of technical infrastructure in schools in the short term. Thus, schools with below-average equipment can benefit from digitization as well. Nevertheless, these learning places are limited by the number of staff and the resulting course capacities. Accordingly, the institutions do only seem limited in suitability for the scale up of new approaches. In order to be able to guarantee quality learning, or these resources at all, financial means are necessary, which must come from third-party funding sources in the case of free offers.





5. Conclusions


Out-of-school learning places such as the GIS-Station are relevant institutions to familiarize students and teachers with EO and to impart related competences. Current social issues and future trends can be reflected on much faster than in comparatively rigid curricula and in a research-oriented manner. Thus, if necessary, appropriate interdisciplinary courses can be developed, even without long-term changes to relevant educational plans. This requires an indispensable intersection of GIS and EO expertise with didactic competences and skills, which is currently an unclosed gap in the training of experts. This study shows that the demand for students and teacher courses is constantly high. The current COVID-19 pandemic increased the demand of Geo:spektiv modules by a factor of 15 in an extremely short term. Hence, long-term established processes of knowledge transfer are discussed again. As geoinformation and maps are increasingly used in our society, students need required competences to critically work with them. Under the heading of spatial citizenship, the usage of digital geo-media in classrooms can contribute to this competence [60]. In future, these long-term trends will most likely be incorporated into education plans.



To meet the demand for courses and increase the impact of out-of-school learning places, training of trainers (ToT) approaches has become increasingly important. During the last decade, more than 2000 teachers were trained on digital geo-media-relevant topics and methods. Therefore, specially designed courses for a group of teachers were developed. For this purpose, there was a focus on the use of open source programs (e.g., QGIS) or free WebGIS. Thus, teachers can easily use such technologies in their respective schools. Based on the currently limited technical infrastructure in German schools, the German digitization strategy plays a decisive role in the implementation of digital geo-media in classrooms [18]. Here, it must be emphasized that, in addition to technical equipment, the applied applications and the training of users also play a major role. To reach this aim, teacher training should primarily focus on EO-specific technological pedagogical content knowledge of teachers. Training should not solely concentrate on technology but include best-practice examples for EO usages in school lessons.



Results of this study illustrate that e-learning with curricula-relevant topics offers the potential for bringing EO into classrooms. Therefore, the lack of technical and pedagogical knowledge of teachers, which limits the use of digital geo-media in general in classrooms, can be partially remedied. Bodzin et al. [55] showed that ready to use educative curriculum materials could support teachers in their efforts to use digital geo-media in their classrooms and foster their digital geo-media-specific technological pedagogical content knowledge [55]. In this study, three learning modules were analyzed. The ‘Rainforest in Danger’ module was analyzed in detail as an example for other modules of Geo:spektiv. Despite existing limitations related to the small sampling size, our analysis indicates that a few factors with major significance for the motivation of learners and success of e-learning offers exist. The design of e-learning modules plays an important role, especially for the motivation and interest of students. Integrated adaptivity, which responds individually to the needs of the students, leads to the reduction in overload and underload of students. Prior knowledge on EO and the topic, both technical and methodological, plays only a subordinate role. Accordingly, e-learning offers not only the potential to impart knowledge on EO and related competences such as orientation, analysis, and characterizing geographical structures and processes but also curricula-relevant topics, regardless of the prior knowledge of students, can be introduced through these offers. Despite the addition of evaluations of two other learning modules, a selection bias is limiting the results of this study. Based on the increasing availability of learning modules in English at Geo:spektiv, it is possible to conduct international studies in the future. These studies are vital to avoid the current geographically biased interpretations and to allow statements valid for the international context.



Although this study clearly shows ready to use online applications such as Geo:spektiv, FIS or Eduspace as multilingual offers by ESA and out-of-school learning places play an important role for the implementation of EO and GIS in classrooms.
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Figure A1. Complete correlation matrix. Q1: I enjoyed working in the learning module. Q2: I thought the work in the learning module was very interesting. Q3: The work in the learning module was very entertaining. Q4: I have learned a lot about satellite imagery by working in the learning module. Q5: The work in the learning module was too demanding for me. Q6: Because it is fun to work with. Q7: Because I want to learn new things. Q8: Because I enjoy dealing with these images ‘from above’. Q9: Because I like to solve problems using satellite imagery. Q10: Because I like to think about questions in geography using satellite images. Q11: The topic of the learning module interested me. Q12: The texts were written clearly and comprehensibly. Q13: The graphics helped me to better understand the content. Q14: The videos/animations helped me to better understand the content. Q15: I liked the nature of the tasks and questions. Q16: The tasks and questions were too easy. Q17: The tasks and questions were too difficult. Q18: The work with satellite images was interesting. Q19: I liked the layout of the learning module as a whole. Q20: The navigation in the learning module was easy. Q21: What school grade do you give the learning module. Q22: How many times have you worked with satellite images at school. Q23: In what format were the satellite images used at school. Q24: How often have you been privately dealing with satellite images. Q25: Have you already dealt with the topic of the learning module in school lessons. Q26: I am satisfied with my performance in the learning module. Q27: While working in the learning module, I made a good job. Q28: I think I was pretty good at the learning module. Q29: I could control the work in the learning module by myself. Q30: When working in the learning module, I could choose how to do it. Q31: When working in the learning module, I could proceed as I wanted. Q32: While working in the learning module, I felt under pressure. Q33: While working in the learning module, I felt tense. Q34: I was worried whether I would be able to do the work in the learning module well. F1 Interest/enjoyment. F2: Perceived competence. F3: Perceived choice. F4: Pressure/Tension. F5: Design. F6: Interest satellite images. 
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Figure A2. “Flood Disaster in Germany”—boxplots for the above-mentioned factors and students—(a) separated by their prior knowledge (p.k.) related to the topic of the module; (b) separated by their available experience (a.e.) of working with satellite images; green triangles indicate the mean value. 
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Figure A3. “Life at the Volcano”—boxplots for the above-mentioned factors and students—(a) separated by their prior knowledge (p.k.) related to the topic of the module; (b) separated by their available experience (a.e.) of working with satellite images; green triangles indicate the mean value. 
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Figure 1. Presentation and design example of Geo:spektiv modules. 
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Figure 2. Surface of the web-based EO application BLIF. On the left side, basic EO tools are provided for contrast enhancement and the creation of color composites. More tools such as transparency or an area-measuring tool can be found in the bar at the top. In the upper right corner, there is a zoom function and the activation of an Open Street Map background map for better orientation. On the lower right, a child-friendly avatar provides useful information and a step-by-step guide. For better readability, the menu bars in the picture were enlarged. 
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Figure 3. Number of conducted courses at the GIS-Station between 2010 and 2019 in total and sorted by topic. 
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Figure 4. Spider diagram on the feedback of students regarding their motivation and interest (n = 73; 1 = no consent at all; 5 = complete consent). 






Figure 4. Spider diagram on the feedback of students regarding their motivation and interest (n = 73; 1 = no consent at all; 5 = complete consent).



[image: Remotesensing 12 03117 g004]







[image: Remotesensing 12 03117 g005 550] 





Figure 5. Spider diagram regarding the assessment of the learning modules and self-assessment of learning success of students (n = 73; 1 = no consent at all; 5 = complete consent). 
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Figure 6. Calculated Pearson’s correlation coefficients of selected questions from the students’ assessment; from red (1) to green (-1). Q1—I enjoyed working in the learning module. Q5—the work in the learning module was too demanding. Q6—...because it is fun to work with. Q11—the topic of the learning module was interesting. Q15—I liked the nature of the tasks and questions. Q18—the work with satellite images was interesting. Q19—I liked the layout of the general learning module. Q20—the navigation in the learning module was easy. Q21—what school grade do you give the learning module? Q32—while working in the learning module, I felt under pressure. F1—interest/enjoyment (factor, KIM). F2—perceived competence (factor, KIM). F3—perceived choice (factor, KIM). F4—pressure/tension (factor, KIM). F5—design (factor). F6—interest in satellite images (factor). 
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Figure 7. Comparison of the six analyzed factors for all three learning modules ((a) ‘Rainforest in Danger’, (b) ‘Life at the Volcano’, and (c) ‘Flood Disaster in Germany’). F1—interest/enjoyment (factor, KIM). F2—perceived competence (factor, KIM). F3—perceived choice (factor, KIM). F4—pressure/tension (factor, KIM). F5—design (factor). F6—interest in satellite images (factor). 
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Figure 8. “Rainforest in Danger”—boxplots for the above-mentioned factors and students—(a) separated by their prior knowledge (p.k.) related to the topic of the module; (b) separated by their available experience (a.e.) of working with satellite images; green triangles indicate the mean value. 
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Table 1. Excerpt of the relevant topics in the curricula on the topic of tropical rainforests, based on secondary education.
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	Educational Plan Content
	Category
	Class Level
	Federal State
	Curricula





	Tropical rainforest ecosystem
	Ecosystem/Vegetation
	7,8
	Lower Saxony
	[39]



	Problem area tropical rainforest
	Agriculture/Nutrition
	8
	Hesse
	[40]



	Tropical rainforest ecosystem
	Ecosystem/Vegetation
	8
	Lower Saxony
	[39]



	The hot and humid zone in the tropical rainforest
	Atmosphere/Climate Change/Ecosystem/Vegetation
	7
	Saarland
	[41]



	The hot and humid zone in the tropical rainforest
	Environmental Problems/Natural Disasters
	7
	Saarland
	[41]



	Climate and vegetation zones of the earth—tropics and subtropics
	Atmosphere/Climate Change
	8
	Bavaria
	[42]



	Analysis of specific areas in different geo-zones
	Ecosystem/Global Vegetation
	7,8,9
	Baden-Württemberg
	[9]



	Life in the humid and semi-humid tropics
	Orientation/Classification of Natural Areas
	9,10
	Berlin
	[37]



	Regional effectiveness of economic activity
	Economics/Politics/Globalization
	7,8,9
	Baden-Württemberg
	[9]
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Table 2. The six calculated factors with the associated questions and the calculated Cronbach’s alpha.
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	Factor
	Questions
	Cronbach’s Alpha





	F1: interest/enjoyment
	Q1: I enjoyed working in the learning module.

Q2: I thought the work in the learning module was very interesting.

Q3: The work in the learning module was very entertaining.
	0.85



	F2: perceived competence
	Q26: I am satisfied with my performance in the learning module.

Q27: While working in the learning module, I made a good job.

Q28: I think I was pretty good at the learning module.
	0.87



	F3: perceived choice
	Q29: I could control the work in the learning module by myself.

Q30: When working in the learning module, I could choose how to do it.

Q31: When working in the learning module, I could proceed as I wanted.
	0.76



	F4: pressure/tension
	Q32: While working in the learning module, I felt under pressure.

Q33: While working in the learning module, I felt tense.

Q34: I was worried whether I would be able to do the work in the learning module well.
	0.72



	F5: design
	Q12: The texts were written clearly and comprehensibly.

Q13: The graphics helped me to better understand the content.

Q14: The videos/animations helped me to better understand the content.

Q15: I liked the nature of the tasks and questions.

Q19: I liked the general layout of the learning module.

Q20: The navigation in the learning module was easy.
	0.80



	F6: interest in satellite images
	Q8: Because I want to learn new things.

Q9: Because I enjoy dealing with these images ‘from above’.

Q10: Because I like solve problems using satellite imagery.
	0.86











© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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iHola! My name is Gustavo and | am a biologist in Iquitos, Peru. |
am there to explore and protect the unique nature of the tropical

rainforest. My specialist field is the bird world along the banks of

the Amazon. Look at the pictures and statements to find out more

about my work.
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