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Abstract 

The learning module “Drought in California” presented here is part of an adaptive web-

based learning platform developed in the framework of the Space4Geography project, 

funded by the German Aerospace Centre (Space Administration). The project seeks to 

facilitate the application of satellite images in schools and to enable students to work with 

original remote-sensing data on geographic questions. The development process of the 

module was informed scientifically by Educational Design Research. The research 

approach involves practitioners and scientists in the development process and aims to (1) 

ensure the practice-oriented, motivating and learning-efficient character of the learning 

module, and (2) contribute to educational theory in the field of remote-sensing education. 

This paper presents the prototype of the adaptive learning module, the development of 

which was based on results from an analysis of national curricula and an online survey on 

requirements for a learning environment. This prototype will be evaluated and developed 

further in several test cycles before being implemented in school practice. 
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1 Background and objectives 

Remote sensing represents a key technology in the 21st century. Along with increasing 
availability of earth observation data, sensor systems show major improvements regarding 
spatial, spectral and temporal resolutions (Jensen, 2007). In students’ everyday lives and in 
schools, the presence of satellite images has also increased in recent decades (Pingold, 2013; 
Ditter et al., 2012b; Siegmund, 2010; Voss, 2011; Gryl et al., 2014), and the growing 
importance of spatial information can be observed globally (Kerski et al., 2012). Using basic 
subject-specific methods, remote sensing holds great educational potential for geography and 
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interdisciplinary lessons (Voss, 2011). The competences to interpret and analyse satellite 
images are represented in Germany’s national education standards and a growing number of 
federal curricula (DGfG, 2007; Siegmund, 2010; KMK, 2015).  

Generally speaking, the application of satellite images in (geography) classes is increasing 
with the availability of teaching materials such as a satellite image atlas (Diercke, 2010). From 
an international perspective, a typical application of satellite images in geography lessons is 
the use of the virtual globe Google Earth (Liiber et al., 2014; Lázaro y Torres et al,. 2008; 
Hassenpflug, 2012). Although there are a few exceptions (Goetzke et al., 2014; Rienow et al., 
2015), the practical implementation hardly ever goes beyond the visual interpretation of true-
colour printed images, neglecting the high information content of false-colour images and 
further digital image analysis (Ditter, 2013; Pingold, 2013; Kestler, 2015). One reason is the 
current representation of remote sensing in the standard German literature for geography 
education – in many books, the use of satellite images is included in the method, but when it 
comes to their practical application, only methods for their visual interpretation are described 
(Hassenpflug, 2012; Kollar, 2012; Krautter, 2015; Kestler, 2015; Rinschede, 2007). In 
addition to this, the complexity of remote sensing may lead to time-consuming lesson 
preparation when teachers lack the relevant expert knowledge (Ditter et al., 2012b). 
Nonetheless, research findings indicate high interest and motivation as well as learning 
efficacy for students working with satellite images (Ditter, 2013; Siegmund, 2010). Therefore, 
holistic solutions are required offering teachers an easy-to-use and practical solution for the 
application of satellite images in their lessons.  

Against this background, an adaptive learning environment for the problem-based, 
interactive application of original satellite images is being developed within the framework of 
the Space4Geography project, funded by the German Aerospace Centre (Space 
Administration). The platform provides ten learning modules, enabling students to work on 
up-to-date geography topics applying remote-sensing methods. In this paper, the prototype 
of the learning module “Drought in California” is presented, with a focus on the educational 
concept. The development is accompanied by an Educational Design Research project (see 
section 2.1). 

2 Research approach, methods and results 

Educational Design Research: characteristics and implementation  

Educational Design Research – also known as Design-based Research (Wang & Hanafin, 
2005; Bakker, 2004) – aims at bridging the gap between school practice, pedagogical theory 
and empirical research, and is increasingly applied in geography education research (Feulner 
et al., 2015; Plomp, 2007). The main characteristics of the approach are: (a) the involvement 
of users and experts in the whole development and research process; (b) several iterations of 
testing, evaluation and further development; the evaluation implies qualitative and 
quantitative research methods; (c) two objectives in this specific project: to develop a 
learning module that can be easily implemented in school practice, and to contribute to 
educational theories, especially in remote-sensing education.  
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Following Plomp (2007), this study comprises four phases for the development of the 
learning module. First, the problem is defined by analysis of the current state of research as 
seen in the literature (see section 1), and experts and practitioners are involved via an online 
survey. A nationwide analysis of curricula is also performed in order to ensure the learning 
module’s applicability across Germany’s federal states. In the second phase, a prototype of 
the adaptive learning module is developed, taking into account existing design principles 
(educational theories) and the results of the survey. As a third step, the prototype will be 
tested in several cycles by experts, teachers and students, with a view to the implementation 
of the final version of the module in school practice. The findings made during the 
development and evaluation process will be documented and will contribute new theories to 
the research field of remote-sensing education. Sections 2.2 and 2.3 present outcomes from 
the first phase (curricula analysis and online survey). The educational concept of the learning 
module prototype, derived from the analysis and survey, is described in section 3.  

Nationwide Curricula Analysis for Geography  

For easy implementation in geography classes, the learning module has to cover one or more 
topics of the different state curricula. Germany has a different curriculum in each of the 16 
federal states, which vary in terms of extent, structure and freedom of prioritization. A 
nationwide curricula analysis was carried out, categorizing regional and thematic 
specifications, to produce an overview that allows the comparison of all German curricula 
for the school type Gymnasium (secondary school). All thematic entries of the 16 curricula 
were listed in one database. On the basis of the database, categories for topics and regions 
were developed in collaboration with experts in teaching methodology and science. The 
categories were compared with the standard literature in geography (e.g. Gebhardt et al., 
2012) to ensure that all key geography topics were covered. They were also compared with 
categories from other empirical studies (Reuschenbach, 2007; Hemmer & Hemmer, 2010). 
Two people allocated categories to the entries listed in order to ensure the reliability and 
validity of the results. The database is available online and can be searched and used on 
<www.rgeo.de/bpa>. It offers two applications: existing learning materials can be assigned 
to curricula content; it can also, as in this study, be used to define topics and help identify 
geographic regions of nationwide curricular relevance when developing learning materials. 
The database does not allow a comparison of the absolute frequency of entries between 
states, as a lower number of entries does not imply a lower weighting of a topic or region. 
Therefore, relative frequencies were calculated within each state before comparing results for 
the whole analysis. Figure 1 gives an overview of the thematic categories and their relative 
importance within the different grade levels. 
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Figure 1: Average relative frequency [%] of thematic categories in state curricula for geography in 

German Secondary Schools 

Most of the categories show significantly higher representation in certain grade levels. For 
example, the category “Orientation/natural landscape structure” represents the main topic 
for grades 5–6, with 22.9 %, becoming less important in the context of later grades. 
“Economy/Politics/Globalization” as a theme receives the most coverage overall, with a 
relative frequency that rises to 21.5% in the final years of school.  

Online Survey on requirements of users and experts 

In order to identify crucial conceptual, educational, scientific and technical components of 
the learning module, an online survey was conducted. Participants included scientific experts 
in remote sensing and geography education, as well as potential users represented by teachers 
and students. The survey was therefore designed to be answered by both adults and students 
from grade 7 upwards and worded accordingly. To maximize the number of participants, the 
survey was designed to be completed in 10 minutes (Moosbrugger & Kelava 2012). The main 
part of the survey consisted of four sections, each comprising five to six questions. The 
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sections were (a) topic of the learning module, (b) satellite images within the learning 
module, (c) technical aspects of the learning platform, and (d) conception of the learning 
platform. The participants ranked properties within these sections on a five-point Likert 
scale ranging from “not important” to “very important”, including the option “I don’t 
know”. Demographic variables as well as experiences in remote sensing were covered in the 
second part of the survey. 

The survey was pre-tested with first-year university students and revised. The final version of 
the survey was responded to by a total of 56 people: 16 students aged 12 to 15, 4 teachers, 21 
scientists, and 15 people who are teachers and scientists. The adults’ ages ranged from 25 to 
67. Except for the group of students, the majority of participants had basic to advanced 
experience with satellite images. Because of the number of participants, descriptive statistics 
were applied to analyse the results. The key outcomes for the four sections are presented 
below and will be discussed in greater detail in section 3. 

The criterion “The topic is up-to-date” in section (a) was rated as the most important by 64 
% of the respondents. Least important was the fact that the topic is represented in 
schoolbooks. In section (b), concerning the satellite images within the learning module, 
“viewing of satellite images” was rated most important, and information on the image-
acquisition techniques was rated least important. Concerning the technical aspects of the 
platform in section (c), a clear, modern layout and design are most important for the users, 
while having a user account appears to be least important. Regarding the concept of the 
platform, section (d), most important is that the geographic question is the central point of 
the learning module, rather than theory on satellite images. Looking at the question on ludic 
elements, the difference between student and expert answers is very high: 10 of 15 students 
stated it was very important, while the majority of experts considered it less important.  

3 Educational Concept of the learning module “Drought in 
California”  

The learning module on “Drought in California” was conceptualized and developed (see 
Figure 2) based on the findings outlined in sections 2.2 and 2.3 and on existing theories from 
education and remote-sensing didactics. The core of the learning module comprises practical 
tasks using original satellite data (here: RapidEye images) to work on an overarching 
geographical question. Problem and activity orientation for the application of satellite images 
in the classroom are suggested in several publications (Michel & Voss, 2013; Ditter et al., 
2012b; Krautter, 2015; Kestler, 2015). The learning module consists of several knowledge 
units featuring multimedia information (text, pictures, animations, videos). Learning success 
is assessed via interactive tasks which encourage students to reflect on the information 
presented and on how to transfer their knowledge to new contexts (Reinmann & Mandl, 
2006). The score they achieve serves as the main criterion for determining adaptive learning 
paths.  
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Figure 2: Educational concept of the learning module 

In defining a topic for the learning module, various aspects have to be considered. Of these, 
teachers and scientists rated up-to-dateness as the most important (see section 2.3). School 
practitioners also attach importance to the presence of the topic in school curricula. For the 
application of satellite images along with possible propaedeutic applications, data availability 
and methodological possibilities have to be taken into account. As an example of case-based 
learning within problem-based learning (Otto & Schuler, 2012; Felzmann, 2013), the drought 
in California since 2013 was chosen in order to show how satellite images help to understand 
the extent of the drought. Since 2013, the problem has been discussed in public media and is 
therefore in the student’s living environment. This environmental catastrophe has also been 
the subject of investigation by scientists (Seager et al., 2014). In school curricula, the topic is 
covered in three of the categories shown in Figure 1: agriculture (in California, USA), natural 
hazards (drought), and climate (causes of the drought). These categories occur in 11 of the 
16 federal curricula in Germany. Northern America or the USA is also the favourite region in 
geography lessons for students, as a study on student interests in geographical topics and 
regions show (Hemmer & Hemmer, 2010). 

Motivating students to work with satellite images is one of the key goals, along with 
successful learning outcomes. The motivation of students is addressed by several 
characteristics of the module. The design is user-friendly and features high usability, 
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including a modern, responsive web design, which was ranked as “fairly important” or “very 
important” by 82 % of the participants in the online survey. To give students an overview of 
what they can expect, a summary of the content is given in the first knowledge unit. 

Figure 3 shows the first knowledge unit of the “California Drought” module featuring basic 
information on learning goals and a short introductory video. The information outlined in 
the summary is recapitulated in the last knowledge unit and on a printable certificate which is 
available after completing the module. The certificate includes the student’s name, the topic 
of the module, details of its content, and results from the interactive tasks. 

Progress within the learning module is constantly visible on an interactive progress bar, 
which allows the student to return to earlier knowledge units, giving him/her control to 
navigate through the module (left-hand side of the screen in Figures 3 and 4) (Peters, 2013; 
Wütherich, 2013). An identification figure who needs help is introduced at the start of the 
module (Wütherich, 2013). Here, “Journalist Jane” has to write a leading article about the 
drought and needs a scientific analysis and visualization. The student has to help Jane on the 
article and therefore needs information about the drought as well as results from satellite 
image analysis to visualize the extent of the drought’s severity. Interactive tasks and elements 
such as videos encourage students to gather information in an active manner, to think about 
the content, and to use it in new contexts. The module’s design thus aims to achieve 
“moderate constructivism”, a balance between instruction and construction (Reinmann & 
Mandl, 2006). 

 

Figure 3: Visual surface from the prototype of the adaptive learning module “Drought in California” 
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To meet the requirements for differentiation in schools (Szymkowiak, 2013; Uhlenwinkel, 
2008), the module allows adaptive learning paths. As each student works on the interactive 
tasks, their individual level of knowledge is registered, analysed and evaluated, and he/she 
will be given information at the appropriate level in the following knowledge units (see 
Figure 4). The students have three attempts to answer questions correctly and they receive 
instant feedback on each try (Peters, 2013). Test results and the students’ way through the 
module are tracked and can be accessed by teachers. This information will also be used for 
evaluation and further development of the learning platform. 

 

Figure 4: Interactive task (multiple-choice question): temporal comparison of satellite images of the 

snowpack 

The core of the module is independent work using original satellite images. This is carried 
out using the web-based remote-sensing software BLIF (Ditter & Siegmund, 2012), which 
was developed by the Research Group for Earth Observation (rgeo), Department of 
Geography at Heidelberg University of Education, and has been developed further and 
updated within the project Space4Geography. Though student-centred and didactically 
reduced, BLIF features a wide range of basic tools for importing, (pre-)processing and 
analysing of satellite images (Ditter et al., 2012a). The straightforward user interface and 
functions make it easier for the student to focus on the overarching question. The 
importance of ease of use was made clear in the results of the online survey, where 78 % 
ranked it as “fairly” to “very important”. For “Journalist Jane”, the students perform a 
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supervised classification and identify changes between two RapidEye scenes from 2011 and 
2015. These tasks are adapted in terms of complexity and details in the instructions for the 
processing steps, depending on the student’s prior performance. For example, the definition 
of the number and types of training classes is predefined for students with lower scores. 
Students with a higher score need less assistance and guidance. The competences gained in 
remote-sensing methods in the context of this module can be transferred to an examination 
of other regions dealing with droughts (Australia and Brazil), supporting the application of 
knowledge to new questions and areas (Otto & Schuler, 2012). 

Complementary to the motivational and conceptual aspects aimed at students is the easy 
implementation in schools by teachers. The learning module can be finished completely in 90 
minutes, or a standard double lesson in Germany. Because the individual learner’s rate of 
progress is tracked throughout the module, tasks and content are adjusted to allow each 
learner to complete the module within 90 minutes and receive their certificate. The role of 
the teacher changes to that of coach in cases where students have technical issues or 
problems of understanding (Ditter et al., 2012b). To minimize the preparation time for 
teachers, a teacher’s guide can be downloaded. It contains information about the educational 
concept, details of the content, requisite information on remote sensing, and, to meet social-
constructivist guidelines (Otto & Schuler, 2012), material for group discussions after 
finishing the module. The certificate can be printed to record results in analogue format. 
Teachers can also view students’ progress and results, which allows teachers to use the 
completion of the learning module as homework and discuss results in class, with support 
from the teacher’s guide.  

4 Conclusions and Future developments 

This paper presents the prototype of a learning module, developed within an Educational 
Design Research project, for using satellite images in the context of secondary-school 
geography classes. Methods and results for a curriculum analysis and an online survey were 
presented. On the basis of these results, an educational concept and topic for the module 
were defined to meet the goal of motivating students and developing a practice-oriented 
learning platform. The prototype will be evaluated and developed further in at least two test 
cycles with researchers from science and education, teachers and students. The module 
focuses on students’ motivation and learning efficacy, as well as on practical considerations 
from the teacher’s point of view. Markers of student motivation will be collected on two 
separate occasions using standardized questionnaires focusing on intrinsic motivation (Wilde 
et al., 2009; Gerstner, 2009): first, after the more problem-based introductory part of the 
module, and second, after working with original satellite images. Students will also be asked 
to answer general evaluation questions on the structure, content and layout/design of the 
module. Teachers will evaluate the learning module and will be interviewed in order to fulfil 
the requirements of involving practitioners and experts (teachers take both roles) (Niebert & 
Gropengießer, 2014). Student interviews during the first test cycles are also being considered. 
Evaluations with students will be carried out in cooperation with the DLR_School_Labs in 
Oberpfaffenhofen, Germany, and the GIS-Station at the Department of Geography, 
Heidelberg University of Education.  
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