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grammar. Every body of verbal knowledge about the world around us is connected to a key 

concept. About one third of these key concepts are spatial key concepts.  

The second sub-domain refers to the external processing of geodata: geodata creating; geodata 
manipulating; geodata reading; geodata querying; geodata summarizing; and geodata 
analysing. Many of these geodata processing operations are equivalents of cognitive knowledge 
processing operations. Primitive key questions can be answered directly, by applying GIS tools 

(Domain Db), or indirectly, by constructing a geodata-based external representation of which 

shows the answer to a primitive key question (Domain C). 

The fifth domain (E in Figure 8-1) refers to the answering of geographic questions. This domain 

is about organizing the answers to primitive questions in an answer to a main question. 

The sixth and final domain (F in Figure 8-1) deals about presenting the results of geographic 

inquiry. This is part of the broader domain ‘communicating about the world around us’. 

It should be noted that there is a wide range of questions in geography for which GIS is not an 

appropriate tool. However, the model presented in this section can also be used in inquiry-
based geography education without GIS. It could be used, for example, in projects in which 
students use paper maps, photos, policy reports, wikipedia texts, etc.  

It should also be noted that the idea of the ‘geographic pair of scissors’, which advocates 

combining a regional-geographic approach and a topical-geographic approach in geography 

education (Gersmehl, 2005), was used as an input for the construction of the model for GIS-
supported geographic inquiry. However, during the construction of the model, it became clear 

that GIS-supported geographic inquiry can be seen as a generic kind of inquiry, with a couple 

of characteristics that make it typically geographic. First, GIS-supported geographic inquiry 

focuses on natural phenomena, human phenomena, and relationships between these 

phenomena, at scales ranging from a grain of sand to the entire earth (the geographic focus). 
Second, GIS-supported geographic inquiry is a kind of inquiry in which people frequently work 

with geodata and geodata-based representations (the geospatial reference system). Third, when 
engaging in GIS-supported geographic inquiry, people frequently formulate and answer spatial 

key questions (the spatial perspective). Fourth and finally, when engaging in GIS-supported 

geographic inquiry, people frequently use geographic terminology (the geographic vocabulary). 
So, in this dissertation, we focus on GIS-supported inquiry projects which have a geographic 

focus and use a geospatial reference system, and aim to teach students a spatial perspective and 
a geographic vocabulary.  

Beishuizen (2004b) argued that the connecting practice and theory is important for the 

development of students’ knowledge, skills, and motivation. People learn by going from 

practice to theory, and from theory to practice. Beishuizen used the term ‘induction’ for the first 

process, and ‘deduction’ for the second process. On the basis of the model for GIS-supported 

geographic inquiry, we can say that, for the field of secondary geography education, ‘going 

from practice to theory, and from theory to practice’ implies three things. First, it implies 
alternating between ‘constructing knowledge about the world around us’ and ‘integrating 

knowledge about the world around us’. This means that students should be stimulated to 

construct theories about relationships between phenomena (which is typical for a topical-
geographic approach), and that they should be stimulated to use theories to explain properties 

of entities (which is part of a regional-geographic approach). This connects to the idea of the 

geographic pair of scissors (Gersmehl, 2005). Second, it implies alternating between 
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‘converting episodic knowledge to semantic knowledge’ and ‘converting semantic knowledge 

to episodic knowledge’. Third and finally, it implies alternating between ‘translating 

mental/external representations to verbal knowledge’ and ‘translating verbal knowledge to 

mental/external representations’. Together, these three processes seem to be the best recipe for 

stimulating progression in students’ geographic literacy. 

 

8.1.2 The student-competency framework 
Competencies can be described in terms of geographic subject knowledge, geographic inquiry 

knowledge, and geographic inquiry motivation. Geographic inquiry knowledge can be 

expressed in terms of declarative, procedural, and strategic knowledge. Declarative knowledge 

is knowledge that something is the case; procedural knowledge is knowledge about how to 

perform operations; and strategic knowledge is knowledge about which operations should be 

applied in order to reach certain aims. The competencies of GIS-supported inquiry-based 
geography learning can be organized in a matrix-like framework (Table 8-1).  

 

Table 8-1: The outlines of the student-competency framework for GIS-supported inquiry-based 
geography learning 

 

Note: DK = declarative knowledge; PK = procedural knowledge; SK = strategic knowledge; M = 
motivation 

 

8.1.3 The teacher-competency framework 
In order to teach geography with GIS, teachers need to have declarative knowledge, procedural 

knowledge, strategic knowledge, and motivation in the fields of Technology (T), Pedagogy (P), 

and Geographic Content (Geo-C), and in the intersection of these fields. Figure 8-2 shows the 
teacher-competency framework for GIS-supported inquiry-based geography teaching that was 
constructed in the theoretical part of the PhD research. The framework is an elaboration, 
expansion, and specification of the TPCK framework (Mishra & Koehler, 2006). 

The figure shows that the TPK&M, Geo-PCK&M, and GIS-TPCK&M components can be 
subdivided into three sub-components. The first sub-component, called ‘learning goals’ refers to 

the formulation of appropriate learning goals for inquiry projects. The second sub-component, 
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A:    Asking geographic questions … … … … … 
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Da:  Cognitive processing of knowledge  … … … … … 

Db:  External processing of geo-data … … … … … 

E:    Answering geographic questions … … … … … 

F:    Presenting the results … … … … … 
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called ‘knowledge for use in educational settings’, refers to knowledge that is structured and 

transformed so that it becomes accessible for students. The third sub-component, called 

‘inquiry tasks, coaching, and student learning processes’, refers to the characteristics of 

students’ learning processes in relation to the design of the inquiry tasks and the coaching. 

 

Figure 8-2: The teacher-competency framework for GIS-supported inquiry-based geography teaching  

 

 

8.2 Discussion 
8.2.1 Validity of the model for GIS-supported geographic inquiry 
Van Westrhenen (1987) has made an important first step in providing more insight into the 
nature of geographic knowledge and geographic thinking. However, we have seen that Van 
Westrhenen’s framework is not very clear, not complete, and not very spatial. Also, the 
framework is difficult to use in educational practice. This dissertation builds forward onto this 

first step, and provides a new model for geographic knowledge and geographic thinking. The 
validity of the new model could be judged on the basis of two criteria: the internal consistency; 
and the practicability.  
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Regarding the internal consistency, we have seen that the organization of the list of key 

concepts reveals a high degree of logic. The same applies to the organization of the list of seven 

types of distributions, and the organization of the list of seven types of relationships. Besides 
this, the different components (the primitive bodies of verbal knowledge and mental 
representations about the world around us, the primitive cognitive knowledge developing and 

processing operations, and the primitive key questions) fit like pieces of a puzzle (see, for 

example, Figure 5-12 and Figure 5-13). The appendix shows the input and output of every 

operation. Furthermore, Appendix H3 shows that there is a one-on-one match between the 

spatial cognitive knowledge construction operations and the GIS operations. 

Regarding the practicability, we will see in the practical part of this dissertation that the model 

guided the design of GIS-supported geographic inquiry project, and that it was used as an 
interpretative framework to make sense of video data and student products collected when the 
GIS-supported geographic inquiry projects were tested in classroom settings. For both aims, the 

model proved to be a very valuable tool.  

 

8.2.2 Implications of the model for GIS-supported geographic 
inquiry 

In the past few years, there have been many debates in the Netherlands and the UK about what 

students in secondary education should learn. The importance of domain-specific subject 
knowledge (‘the core knowledge’) over domain-general skills and attitudes (e.g. ‘learning to 

learn’) is often underlined in these discussions. Lambert (2011) and Mitchell (2011) use the 

term ‘the knowledge turn’ for the change in thinking about what students and student teachers 

should learn. However, in this dissertation, we have seen that students need not only 

geographic subject knowledge in order to participate in society, but also geographic inquiry 

knowledge and geographic inquiry motivation. Inquiry-based education can be a valuable form 

of education for the development of students’ geographic subject knowledge, geographic 

inquiry knowledge, and geographic inquiry motivation. Also, we have seen that geographic 

questions drive the geographic inquiry process. Therefore, this dissertation advises to put 

emphasis on the simultaneous development of geographic subject knowledge, geographic 

inquiry knowledge, and geographic inquiry motivation, and to base the curriculum on ‘large 

geographic questions’, such as: “What does the rise of China mean for myself, my town, my 

country, and the rest of the world?” and “How can we anticipate on future sea level rise and 
protect our delta region from flooding?” 

The elaborated model for GIS-supported geographic inquiry provides some valuable insights for 

teachers who want to design and conduct GIS-supported geographic inquiry projects that aim 
to stimulate progression in students’ geographic literacy and geographic drive. The model may 
help teachers to reorganize their geographic knowledge and geographic thinking processes, 

and transform it so that it becomes accessible for students. It may also help teachers to design 

tasks that aim to raise students’ geographic knowledge and geographic thinking processes to a 

higher level. Also, it may help teachers to diagnose problems in students’ geographic thinking, 

and help teachers to support students so that they are able to overcome these problems. Below 

we try to deduce some theoretically-based considerations for a legitimate and potentially 

effective design for GIS-supported geographic inquiry projects. The theoretically-based 
considerations are indicated in notes in the text below, and are summarized in Appendix A. 
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First, it seems likely to suggest that an effective knowledge base for studying the characteristics, 
functioning, and problems of the world around us consists of extensive and well-organized 

verbal knowledge structures with many internal and external links. Such verbal knowledge 

structures allow people to query and integrate their knowledge in a fast and efficient way, and 
to smoothly change the aggregation level and the analysis level. If the (combined/integrated) 
bodies of verbal knowledge about the world around us follow the standard format, the overlaps 

in the entities, classes and properties between the (combined/integrated) bodies of verbal 

knowledge will be clearer. The links will then be stronger, and it will be easier to use the 

knowledge, and easier to include new knowledge effectively in existing verbal knowledge 

structures. In order to engage in deep learning and stimulate the development of transferable 

knowledge, students should construct bodies of verbal knowledge about the world around us 
which follow the standard formatTBC1, and learn how to do so themselvesTBC2. In this way, they 
will develop more effective verbal knowledge structures during in-school activities, and be able 

to extend these verbal knowledge structures more effectively during off-school activities, and in 
their post-school career. This idea connects to Vygotskian theories. According to Vygotsky, 

learning the language of a domain is important for gaining knowledge in that domain. Learning 

to speak the formal geographic language, which consists of knowledge about the geographic 

grammar, and knowledge about the geographic vocabulary, make it easier to think 

geographically, and in such a way may stimulate progression in students’ geographic literacy. 

The end goal of geography education should not be formal geographic literacy though, but 
functional geographic literacy. Students should be able to study the characteristics, functioning, 

and problems of the world around us. However, in this dissertation, it is assumed that 

progression in students’ formal geographic literacy and progression in students’ functional 

geographic literacy mutually influence each other in a positive way. 

Second, as questions drive the inquiry process, it seems likely that, if students are aware of the 

characteristics of typically spatial primitive key questions, they will be more likely to ask these 

kinds of questions, and their thinking process is likely to be more spatial, and thus more 

geographic. Students should therefore learn what kind of questions are spatial primitive key 
questions, and learn why it is important to include spatial primitive key questions in their 

inquiryTBC3. 

Third, in order to be able to answer questions effectively with GIS, students have to make 

explicit, for themselves, which operations should be performed, and how these operations 

should be performed. As many GIS operations are equivalents of cognitive knowledge 
constructing operations (see Appendix H3), it seems likely to suggest that, by working with GIS, 

students develop not only procedural and strategic knowledge in the domain ‘external 

processing of geodata’ (Domain Db), but also in the domain ‘cognitive developing and 

processing of knowledge about the world around us’ (Domain Da). In order to be able to 

support the development of all facets of geographic literacy, educational GIS software should 

have all the tools listed in the Appendix H3TBC4. The GIS software, handouts, or teacher should 

clarify the connection between the cognitive knowledge processing operations and the GIS 

operationsTBC5.  

In the practical part of the PhD research, it was explored how the theoretically-based 
considerations could be operationalized. If was explored, for example, how teachers can help 

students think in a more structured way about the characteristics, functioning, and problems of 
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the world around us. In addition, it was explored how teachers can help students in making 

their thinking more spatial. 

 

8.2.3 Implications of the two competency frameworks 
The student-competency framework for GIS-supported inquiry-based geography learning can 
be used for different aims. First, it can be used as a normative student-competency framework, 
to show the competencies that students should have at different levels in order to be seen as 

‘geographically literate’. The framework can be used to structure educational standards for 

geographic inquiry, with or without GIS. Second, it can be used as an indicative student-
competency framework, to show which competencies are required to perform an inquiry task 
or to complete and entire inquiry project well, to show which competencies are trained by a 

specific task or in a specific project, or to show which competencies are assessed in a specific 

test. Third, it can be used as an evaluative student-competency framework, to assess the degree 
to which students master the various competencies of geographic inquiry, when these 

competencies are tested. Fourth and finally, it can be used as an interpretative student-
framework. The student-competency framework can be used as a research tool: to analyse the 
nature of problems as a result of learning difficulties that occur when students engage in GIS-
supported geographic inquiry. 

The teacher-competency framework for GIS-supported inquiry-based geography teaching can 
be used for different aims, similar to the student-competency framework for GIS-supported 

inquiry-based geography learning. First, the teacher-competency framework can be used as a 
normative teacher-competency framework, to show the competencies that teachers should 

have in order to be seen as competent teachers. So the framework can play an important role in 

structuring the goals of teacher education programmes. Second, it can be used as an indicative 
teacher-competency framework, to show which competencies are required to conduct a 
specific inquiry project, or to show which competencies are trained in a specific teacher-trainer 
course. Third, it can be used as an evaluative teacher-competency framework, to assess the 

degree to which teachers master the various competencies of GIS-supported inquiry-based 
geography teaching. Fourth and finally, it can be used as an interpretative teacher-framework. 

The teacher-competency framework can be used as a research tool: to analyse the nature of 

challenges for teachers to provide optimal coaching when teachers conduct GIS-supported 

geographic inquiry projects with their students. 

The student-competency framework and the teacher-competency framework were mainly used 

as interpretative frameworks in the practical part of the PhD research. Van de Pol et al.’s (2010) 
scaffolding framework was also used: to explore how teachers can shape their coaching; and to 

analyse the coaching afterwards. The framework was adapted in order to connect better to the 

model for GIS-supported geographic inquiry and the two competency frameworks (Table 8-2). 
The five coaching intentions in the original framework were replaced by: (1) stimulating 
progression in students’ geographic subject knowledge; (2) stimulating progression in students’ 

geographic inquiry knowledge; (3) stimulating progression in students’ geographic inquiry 
motivation; and (4) miscellaneous. The coaching means were also reorganized. Three main 
categories of coaching means were distinguished: (1) preparing students (before the inquiry), in 
order to avoid problems caused by learning difficulties; (2) supporting students (during the 

inquiry), so that they can overcome problems caused by learning difficulties, and (3) stimulating 
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students to reflect on what was learned (after the inquiry). Diagnosis of problems (during the 

inquiry) is considered to consist of two steps: (I) recognizing a problem; and (II) identifying the 
cause. After successful diagnosis of a problem, a teacher can support students so that they are 
able to overcome the problem, or take over the task and overcome the problem him- or herself. 
Strictly seen, the taking over of tasks is not a coaching intervention, as it does not directly 

contribute to progression in students’ geographic literacy or geographic drive. Taking over tasks 

is therefore not included in the framework. 

 

Table 8-2: The new framework for analysing and shaping coaching in the classroom 

 

Source: Adapted from Van de Pol et al. (2010). Notes: DK = declarative knowledge; PK = procedural 
knowledge; SK = strategic knowledge; M = motivation. The intervention intention category 
‘miscellaneous’ refers to coaching interventions that do not aim to stimulate progression in students’ 
geographic literacy or geographic drive. 

 

8.2.4 Main assets of the theoretical part of the dissertation 
The theoretical part of this dissertation tries to contribute to theory building in the field of 

geography, technology, and education. This contains many definitions, lists, models, and 

frameworks. The practical part of this dissertation explores the value of these definitions, lists, 
models, and frameworks for teaching and learning in practice. The question is: What are the 

main assets of the theoretical part of this dissertation? First, the practical part of this dissertation 

provides a model for GIS-supported geographic inquiry that is more elaborated, consistent and 

practical than the models in the literature. This dissertation may therefore form an important 
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contribution to discussions about the nature of geographic knowledge and geographic thinking. 

The dissertation may even form a contribution to discussions about the nature of human 

cognition in general, as it offers a different approach to thinking about skills and strategies, and 

clear ideas about the nature of schemas. Also, it provides more clarity on what is learning 

between practice and theory, and how it can be realized. Second, this dissertation provides 

theory-based insights into the competencies that students need in order to engage in GIS-
supported inquiry-based learning, and the competencies that teachers need in order to engage 

in GIS-supported inquiry-based teaching. Such theoretical insights were, until now, very thin. 
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9 Research approach 
This chapter describes the research approach that was followed in order to: (Aim IV) develop 

design principles for an optimal design for GIS-supported geographic inquiry projects; and (Aim 
V) provide insight into the challenges for teachers to provide optimal coaching when students 
engage in GIS-supported geographic inquiry. Design principles are generally constructed by 

following a research approach that falls under the heading of Educational Design Research 
(EDR). Such a research approach also provides opportunities for gaining insight into the 
challenges for teachers to provide optimal instruction. An EDR approach was therefore a logical 

choice in the practical part of the PhD study. 

 

9.1 What is EDR?  
For decades, educational scientists have developed instructional innovations in laboratory 

settings and later inserted them into classrooms. Most of these innovations showed an appalling 

lack of impact (Cuban, 2001). This lack of impact is especially true for research on technology 

in education. Meta-analyses of comparative educational research on technology in education 

by Bernard, Abrami, Lou, Borokhovski, and Wade et al. (2004), Dillon and Gabbard (1998), 

and Fabos and Young (1999) showed that most studies could not identify a significant effect on 

the learning outcomes. Besides this, educational research has long been criticized for its weak 
link with practice (Van den Akker, Gravemeijer, McKenney, and Nieveen, 2006a). Reeves 
(2006, p.57) argued in response to the critique on educational science that “there is an urgent 

need for a better approach to educational technology research”, and argues that EDR could 
help to solve these problems. 

There is not one single answer to the question: What exactly is EDR (Barab & Squire, 2004). 
Instead, there is a proliferation of terminology and a lack of consensus on definitions (Van den 
Akker, Branch, Gustafson, Nieveen, & Plomp, 1999). Van den Akker, Gravemeijer, McKenney, 
and Nieveen (2006b) used the term ‘EDR’ as a common label for a family of related research 

approaches that treat design as a strategy for developing and refining theories on teaching and 

learning. This family of research approaches includes ‘design research’ (Collins, Joseph, & 

Bielaczyc, 2004; Edelson, 2002; Reeves, Herrington, & Oliver, 2005), ‘design-based research’ 
(Dede, 2004), ‘developmental research’ (Gravemeijer, 1994), and ‘design experiments’ (Brown, 

1992; Cobb, Confrey, diSessa, Lehrer & Schauble, 2003; Collins, 1990). The emergence of EDR 

is frequently traced back to the work of Brown (1992) and Collins (1990). Almost two decades 

ago, Collins and Brown began conducting what they called ‘design experiments’, because they 

believed that many of the questions they were interested in could not be answered with 
experiments in laboratory settings. Since then EDR has grown in popularity and significance 

(Barab & Squire, 2004). Walker (2006) argued that EDR has become more and more accepted 

in the recent years for two reasons. The first reason is a growing disappointment with the 

impact of traditional educational research on educational practice. The quality of education has 

not improved a lot. The second reason is that new theories about learning and new 

technologies have become available, which has resulted in a need for knowledge about how to 

design educational modules that are based on these theories or use these new technologies. 

Gravemeijer and Cobb (2006, p.46) argued that EDR has the potential to “bridge the gap 
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between theory and practice”. Design research has a better change of leading to successful 

educational innovations.  

After reviewing previous works by Cobb et al. (2003), Kelly (2003), the Design-based Research 
Collective (2003), Reeves et al. (2005), and Van den Akker et al. (1999), Van den Akker et al. 
(2006b) formulated a list of five characteristics of EDR. First, EDR has an interventionist nature. 

Design researchers intervene in the teaching and learning process, and try to reshape it. They 
thereby work together with teachers. Second, EDR has an iterative nature. The design process is 

a central component of EDR studies. This process consists of iterative cycles of designing, 

testing, and evaluating. Third, EDR is process-oriented. It focuses on the understanding of 

learning processes and the means to stimulate those learning processes. Fourth, EDR is utility-
oriented. The knowledge developed in the design process should be useful for the users 

(teachers, developers of educational materials, developers of national standards, etc.) in real 

settings. Fifth and finally, EDR is theory-oriented. Educational modules are designed on the 

basis of theoretical propositions, and the testing of the design of the module contributes to 

theory building. 

There are different traditions in EDR. According to Gravemeijer and Cobb (2006), the primary 

aim of EDR is to develop a local instruction theory, which is a situated (hence ‘local’) 

empirically-grounded theory of the rationale behind the design. It is a theory about how an 
educational module works. Local instruction theories contain knowledge about both the 

process of learning and the means designed to support that learning. They describe how all the 

elements of the educational module in a classroom setting work together and interact with each 

other (Gravemeijer & Cobb, 2007). Local instruction theories are often domain-specific. 

According to McKenney, Nieveen, and Van den Akker (2006), the primary output of EDR in the 

domain of instruction and learning is knowledge in the form of design principles, which are 
heuristic guidelines for the design of educational modules. Design principles aim to help 

teachers design comparable modules in comparable settings. The secondary output is usually 

educational materials. These materials include, among other things, software and handouts for 

students and teachers. The tertiary output is usually the professional development of the 

teachers and researcher(s). During the design process, the teachers and researcher(s) gain 
experience with a specific kind of education.  

In this dissertation, the focus was on the development of design principles. However, the 
dissertation also provides some insight into how GIS-supported inquiry-based geography 

education works. 

 

9.2 Set-up of EDR studies 
EDR does not prescribe one specific set-up. Instead, there are different set-ups, each tuned to 

specific goals and settings. Edelson (2006) argued that design researchers must essentially 

invent their own way of doing EDR. The EDR approach followed in this PhD study consisted of 

four stages: (I) orientation; (II) design process; (III) systematic evaluation; and (IV) 
documentation. Now follows a short description of the characteristics of the four stages. 
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9.2.1 Orientation 
Cobb et al. (2003) argued that, at the start of the EDR study, the teachers and researcher(s) 
should: (1) clarify the envisioned form of learning; (2) clarify the intent of the design process; (3) 

specify the central organizing concepts and forms of reasoning that are the goals of the 

learning; and (4) specify the current student capabilities and current practices. The orientation 

activities therefore started with interviews with six teachers in order to get an impression of 

what kind of knowledge is needed to stimulate the spread of GIS in secondary geography 

education. These experts comprised five teacher trainers who wanted to stimulate the use of 

GIS in secondary geography education, and one teacher who already used GIS in his classes. 

The interviews supported the results in the literature of large-scale inventories and focused 

interviews among teachers (see Section 1.2). The teachers argued that they needed knowledge 

about how to use GIS in geography education in an optimal way. GIS courses and workshops 

for geography teachers provided by the researcher also provided some insight into the 
knowledge that teachers need. Teachers often said that they were especially interested in the 
possibilities for using GIS in short geographic inquiry projects. On the basis of this experience, 
the envisioned form of the learning was defined as ‘GIS-supported inquiry-based geography 

learning in authentic contexts’, and the aim of the learning as ‘progression in geographic 

literacy. The intent of the design process was formulated as follows: ‘to develop design 

principles for GIS-supported geographic inquiry projects’. Defining the central organizing 

concepts of geographic inquiry and the forms of reasoning that are part of geographic inquiry 

turned out to be a complex task. It was therefore decided to make this a separate research 
question (Research Question I): “What is the nature of GIS-supported geographic inquiry?” 

Students’ current level of geographic literacy was not specified. There were two reasons for this. 

First, assessing current students’ geographic literacy is rather difficult, as it is very broad and 

little is known about effective ways to assess it. Assessing students’ geographic drive is even 

more difficult. Second, most students in secondary education have little or no experience with 

GIS. So it is safe to say that students’ current knowledge about how to use GIS in geographic 

inquiry is low. 

 

9.2.2 Design process  
Six GIS-supported geographic inquiry projects were developed by a research team consisting of 

the PhD student and several teachers from different schools. These projects are called: (1) 
module ‘Services and Customers’; (2) module ‘Student-directed inquiry’; (3) module ‘River 

Management’; (4) module ‘Resident Appreciation; (5) module ‘Microclimates’; and (6) module 

‘Road Safety’ (Table 9-1). All six GIS-supported geographic inquiry projects follow the idea of 

guided inquiry learning, although the amount of guidance offered by the handouts and teacher 
varied between the projects. Now follows a short description of the characteristics of the six 

projects.  

In the project ‘Services and Customers’, students investigate the size of market areas of services 

such as gyms, supermarkets, primary schools, etc. Students map the market areas of services by 

asking customers at these services for their postcodes and visualizing the geodata in GIS. 
Students also have to explain why there are differences in the size of market areas, and 

therefore have to ask additional survey questions to the customers. There are two versions of 

this project: (A) a version with a high degree of guidance in which students collect geodata 
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collaboratively; and (B) a version with a medium-high degree of guidance in which students 

collect geodata individually. This dissertation reports about the design process of version A. 

The project ‘Student-directed geographic inquiry’ is an open-ended GIS-supported geographic 

inquiry project. Students engage in inquiry on a topic in their municipality, thereby using a 

given inquiry geodata set and a web-based geodata download portal. Students are free to 

choose which topic they want to investigate, free to formulate inquiry questions and 

hypotheses, and free to find out how they want to answer their inquiry questions. This kind of 

inquiry can therefore be seen as student-directed inquiry. The inquiry project described in the 
Preface falls under the module ‘Student-directed geographic inquiry’.  

In the project ‘River Management’, students investigate the measures that are under 
consideration for increasing the safety of the Rhine-Meuse Delta (dyke displacement, floodplain 

lowering, by-passes, etc.), taking the projected increase in discharge due to climate change into 

account. Students use Google Earth and the Planning Kit, a spatial Decision Support System for 

river management, to construct a floodplain redevelopment plan and write an advisory report 

for the Dutch Ministry of Transport, Public Works and Water Management. In this report, they 

show which set of measures should be carried out to solve the spatial problem.  

The geographic inquiry projects ‘Resident Appreciation’, ‘Microclimates’ and ‘Road Safety’ 

combine collaborative geodata collection in the field with geodata visualization and analysis in 
GIS. In the project ‘Resident Appreciation’, students investigate the opinion of residents about 

different aspects of their neighbourhood. Students conduct surveys in which they ask people 

how they value the safety, availability of services, quality of the public space, etc. in their 
neighbourhood. Back at school, they construct maps on the basis of their geodata and 
investigate the differences between neighbourhoods. In the project ‘Microclimates’, students 

use a GPS and thermometers to collect temperature data around their school. Back at school, 

they use the geodata to construct maps and investigate the causes for the spatial and temporal 

variability in the temperature. In the project ‘Road Safety’, students investigate the traffic flow in 

their municipality and dangerous spots, measuring the traffic flow in the field and using geodata 
about traffic accidents. They also have to construct a plan to improve the safety at specific 

spots.  

The six GIS-supported geographic inquiry projects show the width of opportunities for using 

GIS in inquiry-based geography education. The amount of knowledge that was gained during 
the design process of the six projects varied per project. In this respect, the design process of 

the project ‘Services and Customers’ was the most interesting.  
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Table 9-1: Characteristics of the six GIS-supported geographic inquiry projects 

 

 

The design process of the six geographic inquiry projects consisted of progressive cycles of 

designing, testing, and evaluating (Figure 9-1). In the design stages, the designs of the 

geographic inquiry projects were revised: learning goals were reformulated; constructs for use 

in educational settings were revised; and the design of the tasks and coaching were adapted. In 
addition, conjectures were formulated about students’ learning processes in relation to the 

design of the tasks and coaching. The revision of the designs of the geographic inquiry projects 
and formulation of conjectures was guided by, among other things, the model for GIS-
supported geographic inquiry (see Chapter 3 and Chapter 5). Educated guesses also played an 

important role.  

In the test stages, the designs of the geographic inquiry projects were tested in classroom 

settings. Several types of quantitative and qualitative data were collected (see Table 9-2). 
Evaluative talks were held with the teachers directly after each test at the school of the teachers. 

In the evaluation stages, the designs of the geographic inquiry projects were evaluated in a 
more systematic way. Quantitative and/or qualitative data analysis methods were used to 

compare students’ actual learning with the conjectured learning, and to accept, reject, or 

modify the conjectures. The data also provided deeper insight into the challenges for teachers 
to provide optimal coaching. The model for GIS-supported geographic inquiry (see Chapter 3 
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Domain (1) 
Human Geography X X X X X . X 

Physical Geography .! .! (X) X !. X .! 

Domain (2) 
Scientific geography X X X (X) . X . 

Applied geography .! !. X X X !. X 

Degree of 
guidance 

High X . . . X X . 

Medium high . X . X . . X 

Low !. !. X .! !. .! !. 

Origin of the 
geo-data 

Primary geo-data (individual data collection) X . . . . . . 

Primary geo-data (collaborative data collection) . X . . X X X 

Secondary data  X .! X X . .! X 

Technology 

ArcGIS X X X . X X X 

Google Earth . . . X . . . 

The Planning Kit . . . X . . . 

GPS .! .! .! .! .! X .! 

No. of cycles in the design process 5 2 4 4 2 3 2 
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and Chapter 5), the student-competency framework (see Chapter 6) and the teacher-
competency framework (see Chapter 7) were used as interpretive frameworks to translate the 

observations into scientific interpretations. The data were analysed and interpreted by the 

researcher, sometimes together with one or two teachers. The results and interpretations were 

discussed with the other teachers via e-mail or telephone, or in face-to-face meetings at the 
schools. 

The cycles of designing, testing, and evaluating were repeated several times (Figure 9-1). Also 

in the design process, a couple of group meetings were organized in which the research team 
discussed the design.  

 

Figure 9-1: The design process in this PhD research 

 

Source: Adapted from Freudenthal (1991). 

 

An important concept in the design process was the Hypothetical Learning Trajectory (HLT). In 
this PhD research, the HLT was seen as a set of conjectures about students’ learning processes 
in relation to the design of the tasks and the design of the coaching. It consisted of untested, 

accepted, and rejected conjectures. Towards the end of the design process, the number of 

untested conjectures in the HLT decreased, while the number of confirmed and rejected 
conjectures increased. As time restrictions forced a premature end to the design process, some 

conjectures had to be postponed for later research. 

Accepted and rejected conjectures were transformed into design principles at the end of the 

design process. However, not all design principles were generated by testing conjectures. Some 
design principles were generated directly on the basis of the experiences in the test stages, 

without being part of a conjecture. Besides this, the test stages occasionally gave rise to the 

formulation of more general empirically-based considerations for the design of GIS-supported 
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geographic inquiry projects. These considerations indicate that certain aspects of the design 

deserve attention, but do not provide concrete guidelines for revision of the design. 

 

Table 9-2: The different types of data collected during the design process 

 

 

In this dissertation, the design of the geographic inquiry project is subdivided into four 
components: (I) design of the learning goals; (II) design of the constructs for use in educational 

settings; (III) design of the tasks; and (IV) design of the coaching. The design of the tasks 

included the design of the software and geodata, and the design of the instruction given by the 
teacher and handouts. Coaching can be provided by the teacher, but also by the handouts and 

software. 

The characteristics of the tasks and coaching influenced the characteristics of students’ learning 

processes and teachers’ teaching processes when the geographic inquiry project was conducted 

in real classroom settings. During the tests, the research team gained insight into these 
relationships. These insights resulted in changes in the learning goals, the constructs for use in 
educational settings, the tasks, and the coaching (Figure 9-2). 

 

 

Type Explanation 

Videotapes (1) The most important lessons were videotaped: the lessons in which students were constructing 
inquiry plans, working with GIS, and presenting their results. Preparatory and evaluative whole-
class discussions were also videotaped. A part of the videotapes was transcribed using intelligent 
verbatim transcription protocols. The recorded videos were converted into text, cutting out all 
irrelevant phrases and actions.  

Field notes (1) Two kinds of field notes were made during the GIS lessons. All situations in which students got 
stuck were registered. A distinction was made between problems which were directly addressed to 
the researcher, and problems which were indirectly addressed to the researcher because the 
teacher was not able to identify the cause of the problem, unable to take over the task, or unable 
to support the students so that they were able to overcome the problem. The latter field notes 
provided insight into the challenges for teachers to provide optimal coaching. 

On-task mini 
interviews  

Short semi-structured interviews were held when students were working on their inquiry project. 
In these interviews, the students were asked what they were doing, and how it was going. They 
were also asked to explain why they were following certain procedures. The interviews usually 
lasted one or two minutes.  

Retrospective 
mini interviews 

Short semi-structured interviews were held immediately after the lessons. In these interviews, 
students were asked about their opinion on the geographic inquiry project. The interviews 
generally lasted one or two minutes. 

Student product Student products such as filled-in assignment forms, inquiry plans, reports, and presentations were 
collected. 

Surveys (1) Surveys were conducted directly after the tests. Students were asked, among other things, for their 
opinion on the geographic inquiry project and to tell what they have learned. 

Videotapes (2) The research team meetings were videotaped. These videotapes provided some insight into the 
challenges for teachers to provide optimal coaching. 

Field notes (2) Field notes were made during the evaluative talks. These field notes also provided insight into the 
challenges for teachers to provide optimal coaching. 

Survey (2) A survey was conducted among the teachers who participated in the design process at the end of 
the design process. Teachers were asked, among other things, for their opinion on the final design, 
and their opinion on the design process. 
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Figure 9-2: The relationships between the characteristics of the design of the GIS-supported geographic 
inquiry project, and student learning processes 

 

Notes: D = changed in the design stages; T = changed in the test stages; X = did not change in the design 
process; solid lines = real-time influences; dashed lines = delayed influences. 
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The first aim of the practical part of the PhD research was to develop design principles for an 

optimal design for GIS-supported geographic inquiry projects. Four criteria were used to 

explore how to make the design of the projects more optimal: (1) appropriateness; (2) 

legitimacy; (3) viability; and (4) effectiveness. The criterion ‘appropriateness’ implies that the 
design of the project should have appropriate learning goals. The learning goals should be 

concrete, and should be high but attainable for students. Then, the criterion ‘legitimacy’ implies 
that educational modules should have a logical and coherent structure, and that they should be 

based on accepted knowledge about the structure in a domain, and on accepted domain-
general and domain-specific teaching and learning theories (McKenney et al., 2006). So the 

GIS-supported geographic inquiry projects should be based on, among other things, a good 

construct for use in educational settings. Finally, the criteria ‘viability’ and ‘effectiveness’ were 
connected to the relationship between the tasks and coaching and the characteristics of 

students’ learning processes. In the design process, the focus was put on the problems that 

occur when students engage in GIS-supported geographic inquiry. In this dissertation, problems 

are classified in two ways. First, they classified into: (1) ! problems; and (2) ! problems. The ! 
problems refer to situations in which students get stuck, while the ! problems refer to situations 

in which the learning processes are less-than-intended, and the learning goals are only partially 

reached. The ! problems threaten the viability of the projects, while the ! problems threaten 

the effectiveness of the project. If the teacher is not able to solve the ! problems, the project has 

to be aborted, and it does not make sense anymore to talk about the effectiveness of the 

project. Second, problems are classified into: (1) problems that can be attributed to deficiencies 

in the design of the tasks and coaching; and (2) problems that can be attributed to student 

learning difficulties. Student learning difficulties are, in turn, related to insufficient knowledge 

and/or motivation in one or more of domains of the student-competency framework for GIS-
supported inquiry-based geography learning. So the term ‘problem’ refers to that which can be 
observed in the classroom, while the term ‘learning difficulty’ refers to that which causes 
problems. Situations in which students are able to find a solution by themselves are not called 
‘problems’ in this dissertation. Table 9-3 presents examples of the different types of problems. 

 

Table 9-3: The different types of problems 

 

 

The four criteria were mainly used as formative evaluation criteria in the design process of the 

projects. So the design process was not about designing projects, and then testing whether the 
designs were appropriate, legitimate, viable, and effective. Instead, it was about exploring how 

the designs can be made more appropriate, legitimate, viable, and effective. In the design stage 

! problems " problems 

Problems that can be 
attributed to 
deficiencies in the 
design of the tasks 
and coaching 

Students are not able to visualize their data 
because the step-by-step instruction in the 
GIS handout contains an omission: one 
crucial GIS operation is not included in the 
sequence of GIS operations. 

Students overlook a relationship between two 
GIS map layers because the legends of the 
map layers contain too many categories. 

Problems that can be 
attributed to student 
learning difficulties 

Students are not able to visualize their data 
because they find it difficult to follow the 
step-by-step instruction in the GIS handout 
accurately, and rather follow their own way. 

Students overlook a relationship between two 
GIS map layers because they do not expect 
the relationship, and therefore focus on other 
information in the map layers. 
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of each cycle, it was explored how the learning goals could be made more concrete, and how 

the constructs for use in educational settings could be improved. Also, an attempt was made to 

solve the deficiencies in the design of the tasks and coaching as much as possible, in order to 

decrease the number of ! and ! problems, and increase the viability and effectiveness. 

Furthermore, it was investigated how to prepare students better for the inquiry project in order 

to avoid ! and ! problems related to student learning difficulties; how to support students 

during the inquiry project so that they are able to overcome such problems; and how to 

stimulate students to reflect on what they have learned after the inquiry project. Then, in the 
test stage, the design was tested in classroom settings. In the evaluation stage, it was evaluated 

how the changes in the design worked out in practice: how they affected the learning 

processes, in particular the occurrence of problems. This dissertation reports only those 

problems that, according to the teachers and researcher, formed a severe threat to the viability 

and effectiveness of the project. In other words, it only reports those problems that occurred too 
often. 

The four criteria were also used to evaluate the degree to which the teachers were able to 

coach the students as planned. In this dissertation, the term ‘challenges for teachers to provide 
optimal coaching’ is short for ‘challenges for teachers to provide optimal coaching as a result of 

insufficient knowledge and motivation in the different components of the teacher-competency 

framework for GIS-supported inquiry-based geography teaching’. The criterion 

‘appropriateness’ was connected to the sub-component ‘learning goals’ of the framework. In 
order to provide optimal coaching, teachers should be able to set appropriate learning goals. 

The criterion ‘legitimacy’ was connected to the sub-component ‘knowledge for use in 

educational settings’. Teachers should have good constructs for use in educational settings in 

their minds, and be able to transform their technological knowledge, content knowledge, and 

technological content knowledge so that it becomes accessible for students. Finally, the criteria 
‘viability’ and ‘effectiveness’ were connected to the sub-component ‘inquiry tasks, coaching, 

and student learning processes’. In order ensure that the learning processes do not get stuck 

(viability), the teacher should be able to prepare students in such a way that ! problems are 

avoided as much as possible. If ! problems do occur, the teacher should be able to diagnose 

the ! problems. Also, the teacher should be able to overcome the ! problems him- or herself, or 

should be able to support students so that they are able to overcome the ! problems. In order to 

ensure that the learning outcomes are just-as-intended (effectiveness), the teacher should be 
able to prepare students in such a way that ! problems are avoided as much as possible. If ! 
problems do occur, the teacher should be able to diagnose the ! problems, and be able to 

support students so that they are able to overcome the ! problems. Also, for effective learning 

in the long term, it is important that students reflect on what they have learned. The teacher 
should be able to stimulate students to reflect. Figure 9-3 shows the difference between 

problems and challenges to providing optimal coaching. 
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Figure 9-3: The difference between problems and challenges 

 

 

9.2.1 Systematic evaluation 
Several evaluation activities were conducted immediately after the design process. First, the 

whole design process was analysed, and the accepted and rejected conjectures were 

transformed into design principles. Second, it was evaluated how the legitimacy, viability, and 
effectiveness had evolved during the design process by analysing the surveys conducted among 

the students at the end of each test. Third, teachers’ opinion on the final design was 

investigated by conducting a survey among the teachers who had participated in the design 
process. Fourth and finally, the educational materials of the GIS-supported geographic inquiry 

projects were reorganized and handouts were written for teachers. The educational materials 

and teacher handouts were made available for teachers via the website www.edugis.nl. 

 

9.2.2 Reporting 
According to Bakker (2004), the results of EDR studies are best published in the form of a 

context-rich, cohesive, and extensive description of the setting, design, data analysis, decisions 

made by the research team and the design principles. This is called a thick description by 
Gravemeijer and Cobb (2006), and a full description by McKenney et al. (2006). It is a narrative 
description in which the decisions made are substantiated by transcripts and indices that refer 
to the data on the basis of which the conjectures are accepted, rejected, or modified. In this 

way, claims can be justified by backtracking to the data. According to Gravemeijer and Cobb 

(2006), this way of documenting ascertains the credibility of the results. 

This dissertation reports about the outcomes of the design process of the GIS-supported 

geographic inquiry project ‘Services and Customers’, as the design process of this project 
delivered the most knowledge. In order to make it easier to understand the design process of 
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