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The two subdivisions described above are not sharp, however, but more like a continuum. 

Furthermore, the division between limited GIS software and full GIS software more or less 

coincides with the division between WebGIS software and Desktop GIS software. Most 

WebGIS software offers a limited number of tools, while most Desktop GIS software offer a 

wide range of tools. In the inquiry project described in the Preface, students used ArcGISTM. 
This is the most widely used GIS package in business, government, and science in the world. 

As ArcGIS has to be installed on the computer and offers a wide range of tools, it can be 

defined as a Full Desktop GIS package. 

 

1.1.4 GIS and secondary geography education 

Following Sui (1995), a distinction is often made between teaching and learning about GIS and 

teaching and learning with GIS. Teaching and learning about GIS focuses on the development 

of students’ knowledge about the system and geodata and the development of skills in using 

GIS, while teaching and learning with GIS focuses on the development of students’ geographic 

knowledge and geographic thinking skills. Meyer, Butterich, and Zach (1999) argued that we 
need to focus on “using GIS to learn how to do geography”, rather than on “learning how to 

use the technology”. Today, the overall opinion among the educators is that geography 

education should focus on teaching and learning with GIS, rather than teaching about GIS 

(Lemberg & Stoltman, 2001; Kerski, 2003; Bednarz, 2004). Nonetheless, some (e.g. Johansson, 

2006) argue that it is necessary to teach students first about GIS before they can engage in 

learning with GIS.  

Education with GIS can have different forms: (1) teaching about GIS; (2) teaching with GIS; (3) 

learning with GIS; and (4) inquiry with GIS. In teaching about GIS, teachers tell students about 

what GIS is and how GIS works. In teaching with GIS, teachers use GIS with a digiboard or a 

projector and a screen, in order to illustrate their talks about specific themes, regions, or 

geographic problems. Educational WebGIS software and Virtual Globes are very suitable for 

this kind of teacher-centred education. In learning with GIS, students work on short GIS-based 
lessons in the computer room. This is a more student-centred kind of education. The fourth and 

final form of education with GIS is inquiry with GIS. Audet and Abegg (1996), Keiper (1999), 
and Bednarz and Audet (1999) have argued that GIS offers great opportunities for enhancing 

inquiry projects. This dissertation focuses on inquiry with GIS, in the subject of geography. 

Many authors argue that GIS should be included in the geography curriculum (e.g. Pallandino 

& Goodchild, 1993; Patterson, Reeve, & Page, 2003; Bednarz & Van der Schee, 2006). Four 

arguments can be given for including GIS in the geography curriculum: (1) the work field 

argument; (2) the career argument; (3) the citizenship argument; and (4) the teaching and 
learning argument. 

The first argument is the work field argument. GIS is an important tool in professional 

geography. It is used more and more in fundamental geography as well as in applied 

geography. Scholten et al. (2009, p.5) argued that GIS and other geospatial technologies are: 
“saving lives, helping planning more liveable communities, fostering economic development, 

improving human health, and mitigating conflict”. In order to give students an impression of 

what is geography in practice, students should learn about the way professional geographers 

and others in business, government, and science use GIS. 
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The second argument is the career argument. Working with GIS contributes to the development 

of skills that are highly valued in many professions, not only in the geography professions. 

Hence, education with GIS improves the employability of students in their future careers. 

The third argument is the citizenship argument. GIS allows teachers to design and conduct 

geographic inquiry projects that make a strong link to geography in practice. Bednarz (2003) 

presented examples of GIS-supported geographic inquiry projects in which students engage in 
inquiry for society, in society, and about society. Such projects contribute to the development 

of the three kinds of citizenship distinguished by Westheimer and Kahne (2002). Besides this, 

GIS is used more and more by companies, governments, and research institutes to 

communicate information about the world around us via the Internet to citizens, and it is 

increasingly being used by citizens to share information among peers. Furthermore, more and 

more geospatial technologies are becoming available for consumers, e.g. GPS and car 
navigation systems. Students should learn how to search for geodata offered via the Internet, 
and how to use it. Students should also learn about how to use geospatial technologies, and 

should understand how these technologies work. These experiences will prepare students for 

their future everyday lives.  

The fourth and final argument is the teaching and learning argument. GIS offers many 

opportunities for designing interesting and challenging geographic inquiry projects that can 
contribute to progression in students’ geographic literacy and geographic drive. Many authors 

rave about the opportunities of GIS for enhancing secondary education in general, and 
secondary geography education in particular (e.g. Audet & Abegg, 1996; Bednarz & Audet, 
1999; Keiper, 1999; Audet & Ludwig, 2000; Lemberg & Stoltman, 2001; Hall-Wallace & 
McAuliffe, 2002; Baker & White, 2003; Kerski, 2003; West, 2003; Sinton & Lund, 2007). For 

example, the book Learning to Think Spatially (NRC, 2006) underlined that GIS offers many 
opportunities for designing geographic inquiry projects that are consistent with the ideals of 

inquiry-based education within authentic contexts, while Liu and Zhu (2008) argued that GIS 

offers opportunities for teaching and learning which connects to (socio-) constructivist ideas. It 

is not that GIS itself produces learning, but that GIS can make it easier to design such 

geographic inquiry projects. GIS should therefore be seen as a facilitating tool. It allows 

teachers and students to engage in more sophisticated investigations than otherwise possible 

(Sinton & Lund, 2007). Claire Jarvis argued in her keynote lecture on spatial literacy at the AGIT 

Conference 2009 in Salzburg that: “Thanks to GIS, I can finally teach geography the way I 

want.” GIS allows teachers and students to do geography, instead of teaching and learning 

about geography. Many of the GIS-supported geographic inquiry projects with GIS are very 
different from traditional geographic inquiry projects. In such a way, GIS has the potential to 

change geography education (Baker & White, 2003; Kerski, 2003; Sinton & Lund, 2007). 

In this dissertation, the teaching and learning argument is seen as the most important reason for 

including GIS in the geography curriculum. GIS is interesting software for teaching and learning 

geography for ten reasons. First, GIS offers tools for fast processing of large sets of digital 

geodata. This allows students to learn more in less time. Second, GIS offers tools for flexible 
processing of large sets of digital geodata. This enables students to adopt an explorative 

approach and to try out different strategies. Third, GIS offers tools for accurate processing of 

large sets of digital geodata. This allows students to check hypotheses in a more scientific way. 

Fourth, GIS software can offer ready-to-use sets of (possibly real-time) digital map layers and 
geo-tagged information sources (e.g. geo-tagged photos and Wikipedia articles). Such GIS 
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software can be seen as a geographic resource in itself. Fifth, GIS allows students to work with 

authentic geodata gathered by companies, governments, and research institutes. In the past few 

years, various Census Offices have developed geoportals, which are websites that provide 

access to geodata (e.g. www.buurtmonitor.nl and www.statline.cbs.nl in the Netherlands). They 
allow people to download thematic geodata per neighbourhood, municipality, or province. 

Sixth, GIS is a user-controlled and interactive type of software. The user can decide which 
geodata is displayed, and how this geodata is displayed. GIS allows the user, for example, to 

stack map layers, which makes it easier to recognize relationships. Most of the operations are 

reversible. Medyckyj-Scott and Hearnshaw (1993) argued that it is the user-control and 

interactivity that makes GIS such a valuable teaching and learning tool. Interactive software 

offers great opportunities for education, as it allows students to learn by doing (Beishuizen, 

2004a). Seventh, GIS offers the ability to work with multiple interconnected representations at 

the same time (tables, charts, maps). For example, if someone selects an element in the map 

window (for example, a country in a map of the world), the same element is also highlighted in 

the table window. Likewise, if someone selects an element in the chart window (for example, 

an outlier in a scatter plot), the same element is also highlighted in the map window. Eight, GIS 

offers the ability to display the temporal component of geodata in map animations and chart 

animations. Nine, GIS offers tools that are computer-supported equivalents of cognitive 

geographic knowledge processing operations. When using GIS, students have to make their 

thinking explicit. Students have to think about how to carry out individual GIS operations. 

Every operation results in clearly visible output. In such a way, working with GIS may stimulate 

progression in students’ knowledge about how to apply different cognitive geographic 

knowledge processing operations. Next, the individual operations are clearly separated from 

each other. GIS requires the user to plan, monitor, and evaluate the operations that are needed 

to answer geographic questions. In such a way, working with GIS may stimulate progression in 

students’ knowledge about when and why to apply cognitive geographic knowledge processing 

operations in relation to a specific aim. Tenth and finally, GIS provides insight into the nature of 

maps. In such a way, working with GIS may lead to a better understanding of maps and better 
skills in reading and analysing maps. Wiegand (2003) argued that GIS helps students to think 

about how maps work. 

Not every GIS offers all ten opportunities listed above. For example, most educational WebGIS 

software and Virtual Globes score high on the first four points, medium high on the sixth point, 

and low on the other points. Professional Desktop GIS software score high on each point. 

However, Desktop GIS software is often considered to be (unnecessarily) complex for students 

in secondary education (Van der Schee, 2007), while this problem is less pronounced for 

educational WebGIS software (digital atlases). The choice for a specific GIS therefore depends 
on the learning goals. For teachers who want students to learn about regions or phenomena, a 

WebGIS is likely to be the first choice. For teachers who want to conduct geographic inquiry 

projects such as the project described in the Preface, a Desktop GIS would be the most 

appropriate.   

In view of the 10 presumed advantages of GIS, it seems logical to suggest that GIS-supported 

geographic inquiry projects might be more effective than similar geographic inquiry projects 
with analogue materials, although as yet there is no irrefutable proof for this hypothesis. 

However, the main reason why GIS is such a great tool for teaching and learning is that these 
presumed advantages allow teachers to design geographic inquiry projects which would 

otherwise be impossible. For example, because of the speed of the geodata processing, GIS 
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makes it easier to design geographic inquiry projects in which students collect geodata in the 
field, visualize the geodata in maps, and use these maps to answer their inquiry questions. 

Fieldwork is considered to be an important way to learn to think as a geographer (Mackenzie & 
White, 1982; Foskett, 1999; Chan Lai, 1999; Fuller, Rawinson, & Bevan, 2000; Scott, Fuller, & 
Gaskin, 2006; Healey, 2005). It is seen as an important and intrinsic part of geography 

education (e.g. Boyle, Maguire, Martin, Milsom, & Nash et al., 2007; Bednarz, 1999). Although 

teachers do emphasize its importance, it is not frequently practised in secondary geography 

education. This is unfortunate, as fieldwork can show the connection between what students 

learn at school and the world outside the classroom. One of the reasons why students rarely 
conduct fieldwork is because of time constraints. Collecting and subsequently visualizing the 

geodata in maps takes a lot of time. Another reason is that teachers often find it difficult to 

organize good projects that include fieldwork. However, these time constraints can now be 
overcome. GPS have made the collection of geodata much easier and accurate, and GIS offers 

opportunities for the fast visualization of geodata. 

So, in summary, GIS has the ability to change the way geography is taught and learned, and 

geography education with GIS can be seen as an educational innovation. The inquiry project 

described in the Preface is an example of this new way of teaching geography. Without GIS, it 

would be very difficult to design geographic inquiry projects in which students investigate real 
issues, such as whether the distribution of playgrounds over The Hague is fair. This dissertation 

focuses on this new kind of education.  

 

1.2 Problem proposition 
Although the presumed advantages of GIS for secondary geography education are widely 

acknowledged, inventories by Kerski (2003), Cremer, Richter, and Schäfer (2004), Shin (2006), 
Doering and Veletsianos (2007), Pleizier (2007), Aladag (2009), Lam, Lai, and Wong (2009), 
and Zink and Scheffer (2009) show that the adoption of GIS in secondary education is 

proceeding slowly. Its introduction and diffusion is characterized by many bumps. So why it is 

going so slow? All educational innovations proceed slowly, but the introduction and diffusion 

of GIS presents some specific challenges. One of the frequently cited challenges is teachers’ 
limited knowledge about, skills in, and motivation for teaching geography with GIS. As teachers 

can be seen as the “gate keepers of educational innovations” (Wallace, 2004), the successful 

introduction and diffusion of GIS in secondary geography education largely depends on 

whether geography teachers possess the required competences. However, teachers often have 
the feeling they are not able to design and conduct good GIS-supported geographic inquiry 

projects with their classes (e.g. Lam et al., 2009). Despite this challenge, many educators see 
the introduction of GIS as inevitable. Van der Schee and Scholten (2009, p.293) argued that: “It 
goes without saying that GIS is part of the education of the future. The question is not whether 

GIS should be used in education, but how.” 

The question is: What can we learn from the literature about how teachers could use GIS to 

teach geography with GIS? After reviewing the literature, Bednarz (2004) concluded that: 

“Scant attention has been paid to issues related to pedagogy and GIS.” Most publications in 

scientific journals deal with the results of inventories on the implementation of GIS in 

secondary education, teachers’ opinion about GIS, and challenges identified by teachers (e.g. 

Keiper, 1999; Kerski, 2003; Shin, 2006; Pleizier, 2007; Yap, Ivy Tan, Zhu, & Wettashinge, 
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2008; Aladag, 2009; Zink & Scheffer, 2009). These inventories all have a general character. 

They provide insight into the problems that we should focus on in order to stimulate the 

diffusion of GIS in secondary education. However, they provide little insight into the nature of 

the challenges, especially the challenges for teachers to provide optimal coaching when 
students engage in GIS-supported geographic inquiry, and therefore cannot be turned into 

concrete recommendations for teacher education programmes. Besides the publications about 

the outcomes of inventories, there are also some scientific publications which focus on the 

effects of education with GIS on students’ attitude, self-efficacy, and learning outcomes (e.g. 

Hall-Wallace & McAuliffe, 2002; Baker & White, 2003; Kerski, 2003; West, 2003). Most of 

these publications follow a quasi-experimental pretest-intervention-posttest design with 
experimental groups that follow GIS-supported geographic inquiry projects, and control groups 

that follow similar geographic inquiry projects with analogue materials. These studies show that 

GIS-supported education may result in higher learning outcomes for some aspects than 

traditional education. However, it is not clear which geographic thinking skills are trained, how 

they are trained and how they are assessed, and these papers therefore provide little 

information on how to design and conduct GIS-supported geography education in an optimal 

way.  

Besides these scientific publications, there are many enthusiastic descriptions of experiences of 

teachers in journals for (geography) teachers (e.g. Coulter, 2000; Keranen, 2000; Paul, 2000; 
Engelhardt, 2004; Schleicher and Schrettenbrunner, 2004; Unterthurner, 2004; Falk & Nöthen, 
2005; Reitz, 2005) and books (e.g. Audet & Ludwig, 2000; ESRI, 2003; Sinton & Lund, 2007). 
Most of these descriptions relate to large (often 20 hours or more) projects in which students 

engage in inquiry on a realistic topic in their municipality, often in cooperation with local 
government agencies. The authors often emphasize the activating nature of the projects, and 

argue that the projects are an excellent means to involve students in their own municipality and 

connect the learning in schools to problem-solving in real life. Although a large number of 

these projects were carried out within science education and not within geography education, 

many authors argue that the projects stimulated the progression of students’ geographic 

knowledge and thinking. However, they rarely make explicit which knowledge and skills were 

actually trained, and how the GIS-supported geographic inquiry projects stimulated the 
development of students’ knowledge and skills. The descriptions in the literature contain little 

information about the tasks that were included in the materials, and how these tasks were 

designed. They also contain little information about how the teacher prepared the students for 

the inquiry project, how the teacher supported the students during the inquiry project, and how 

the teacher stimulated students to reflect on what they had learned at the end of the inquiry 
project. Although different authors (e.g. Williams, 2000) point out that careful thought is 

needed to design GIS-supported geographic inquiry projects, the existing literature 
unfortunately does not provide clear guidelines for such projects.  

So, up until now, hardly any research has been conducted on how to teach geography with 

GIS, and therefore, there is little knowledge about good didactic approaches. Baker and 
Bednarz (2003, p.232) argued that: “There are a number of unanswered questions about GIS; 

many of these issues related to implementation in classrooms have scarcely been considered.” 

Interviews with secondary geography teachers in Hong Kong, almost all of them trained in GIS, 

showed that teachers’ understanding of how GIS could be used in teaching geography was 

limited (Lam et al., 2009). Alibrandi (2003), Baker and White (2003), Kerski (2003), and Sinton 

and Bednarz (2007) argued that teachers need to have specific training and guidance in spatial 
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thinking in order to take advantage of the benefits of GIS. However, little is known about what 
knowledge and skills geography teachers need in order to teach geography successfully with 

GIS. As a result, GIS is almost absent in pre-service and in-service teacher education in many 

countries (Van der Schee & Scholten, 2009; Schleicher & Lawrence, 2005). Lam et al. (2009, 
p.72) argued that, in order to help teachers, researchers should “provide more insights on how 

to make the best use of GIS in geography teaching”. Answering such questions can be a 

difficult task. Kankaanranta (2005, p.113) argued that: “Even though ICT is widely evident in 

most educational settings, the challenges of developing effective pedagogic practices around 

digital technologies are considerable.” 

In summary, it can be seen that there is lack of knowledge about how to teach geography with 

GIS in general. It is not only teachers who seem to lack the necessary knowledge but also the 

teacher trainers. Furthermore, educational research has not yet provided enough knowledge to 

help teachers use GIS in a successful way and to help teacher trainers train a new generation of 

teachers. In order to stimulate the diffusion of GIS in secondary geography education, we need 

both new theoretical insights and new practical insights. For example, Van der Schee and 

Scholten (2009, p.297) argued that: “Research on learning to think with GIS should focus on 

the curriculum as implemented by teachers in practice because the professional competency of 

the teacher is an important factor. However, analyses of practice are not enough, theoretical 
development is also needed if more progress is to be made.” Baker and White (2003) argued 

that: “GIS technology can be an invaluable resource for extending student learning when a 

proper instructional framework is provided in the content area, along with geodata analysis and 
spatial reasoning concepts.” This dissertation focuses on the two problems outlined above: the 

lack of a good theoretical framework for secondary geography education with GIS; and the lack 

of empirically-based knowledge about how GIS-supported geography education can be 

realized in practice.  

 

1.3 Aims and research questions 
We have seen in the previous sections that GIS offers many opportunities for enhancing 
inquiry-based geography education, but that many questions remain about the characteristics of 
good approaches to education with GIS. This dissertation has both theoretical and practical 
aims (Table 1-1). The overall theoretical aim is to develop a theoretical framework for GIS-
supported inquiry-based geography education. The overall practical aim of this dissertation is to 

explore how optimal GIS-supported inquiry-based geography education can be realized in 

practice. 

The dissertation has five main research questions, three of them linked to the overall theoretical 

aim, and two of them linked to the overall practical aim. In order to explore how optimal GIS-
supported inquiry-based geography education can be realized in practice, we should first have 

a clear picture about what actually is GIS-supported geographic inquiry. The first research 

question of this dissertation is therefore: “What is the nature of GIS-supported geographic 

inquiry?” For example, we have to know what the different activities of GIS-supported 

geographic inquiry are, and how they work. Another important issue is what is so typically 

geographic about the GIS-supported geographic inquiry. Is there really such a thing as 
geographic inquiry or is it just generic inquiry applied within the domain of geography? In 
addition, it is necessary to have a clear idea about which competencies we want to stimulate 
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with GIS-supported inquiry-based geography education, and to organize these competencies in 

a theoretically-based and practical student-competency framework. The second research 

question is therefore: “What are the key competencies of GIS-supported inquiry-based 
geography learning for students?” Education with GIS is complex and difficult. Teachers need to 

have considerable experience in order to teach their subject in an optimal way. However, it is 
not clear which competencies teachers need in order to be able to stimulate progression in 

students’ geographic literacy via GIS-supported inquiry-based education. We need to have a 

theoretically-based and practical teacher-competency framework. The third research question 

of this dissertation is therefore: “What are the key competencies of GIS-supported inquiry-based 
geography teaching for teachers?” So the second and third research questions both look at GIS-
supported inquiry-based geography education: the second looks at it from the side of the 

students (‘geographic inquiry learning’); and the third looks at it from the side of the teachers 

(‘geographic inquiry teaching’). Answering the first three research questions results in a 

theoretical framework for GIS-supported inquiry-based geography education.  

When we have good theoretical framework, we can then start to explore the characteristics of 

an optimal design for GIS-supported geographic inquiry projects. The fourth research question 

of this dissertation is: “What are the characteristics of an optimal design for GIS-supported 

geographic inquiry projects?” However, even if we have knowledge about the characteristics of 

an optimal design, it is questionable to what degree the conditions for optimal education are 

met when teachers engage in GIS-supported inquiry-based geography teaching. Providing 

optimal coaching is difficult and complex, and it is not known which teacher competencies are 

crucial in order to prepare student for the inquiry project, support students during the inquiry 

project, and stimulate them to reflect on what was learned after the inquiry project. The fifth 
research question of this dissertation is therefore: “What are the challenges for teachers to 

provide optimal coaching when students engage in GIS-supported geographic inquiry?” 

It is important to make clear that this dissertation focuses on how teachers can design and 
conduct GIS-supported geographic inquiry projects, and not whether GIS-supported geographic 

inquiry projects are more effective than traditional geographic inquiry projects. This research 

has an exploratory character, not a confirmatory character. 

The primary output of this dissertation consists of: (I) a model for GIS-supported geographic 

inquiry; (II) a student-competency framework for GIS-supported inquiry-based geography 

learning; (III) a teacher-competency framework for GIS-supported inquiry-based geography 

teaching; (IV) design principles for optimal GIS-supported geographic inquiry projects; and (V) 

insight into the challenges for teachers to provide optimal coaching when students engage in 
GIS-supported geographic inquiry, and some ideas about how these challenges can be 

overcome. 

GIS-supported-inquiry-based geography education is a very broad and new field, and this 

dissertation is the first book that provides a detailed theoretical framework for secondary 

geography education with GIS, and the first book that provides empirically-based knowledge 

about how GIS-supported geography education can be realized in practice. Furthermore, it is 

the first book that tries to connect theoretical and practical aspects of teaching geography with 

GIS. 
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Table 1-1: The aims and research questions that are addressed in this dissertation 

 
 

1.4 Context and relevance 
This PhD research was funded by the Netherlands Organization of Scientific Research (NWO). 
The study was carried out as a part of the research programme ‘Knowledge development 

between theory and practice’ at the Centre for Training, Assessment, and Research (CETAR) of 

the VU University Amsterdam, in cooperation with the Spatial Information Laboratory 

(SPINLAB) of the VU University. The PhD research fits within the philosophy behind CETAR’s 

research programme, which is that knowledge should be connected to the everyday world. In 

order to motivate students to learn, students should feel that the knowledge to be learned is 

meaningful, that it will deepen their experiences, and that it will guide them in their actions. 

Mere transfer of theoretical knowledge creates the risk of resulting in inert knowledge. CETAR’s 

research programme focuses on, among other things, innovative learning environments that 

have the potential to bridge the gap between theory and practice. GIS-supported geographic 

inquiry projects are a promising example of such innovative learning environments. 

This PhD research also fits in the broader domain of research on how to successfully implement 

curriculum innovations. There is not one single definition for the term ‘curriculum’, however. 

The term is used in many different contexts and in many different ways. Following Goodlad 

(1979), Van den Akker (2003) underlined the difference between ideals in education (the 

‘intended curriculum’), average teaching practice (the ‘implemented curriculum’), and student 
performance (the ‘attained curriculum’). Van den Akker (2003) argued that the term 
‘curriculum’ is used at five different levels (Table 1-2). This PhD research focuses on the 

intended and implemented curriculum at the micro-level. Teachers play a crucial role in 

realizing educational innovations at the micro-level (SLO, 2009). The reorientation and 

strengthening of teachers’ knowledge base is seen as the key to successful innovations (SLO, 
2009). The PhD research also fits in a well-established research tradition in the European 

educational sciences on the competencies that teachers use and need to teach specific domain 

knowledge. Internationally, this PhD research fits in the research field of research on GIS in 

Aims Research questions 

Theoretical part I To construct a model for GIS-supported 
geographic inquiry 

What is the nature of GIS-supported geographic 
inquiry?  

II To construct a student-competency 
framework for GIS-supported inquiry-based 
geography learning 

What are the key competencies of GIS-supported 
inquiry-based geography learning for students? 

III To construct a teacher-competency 
framework for GIS-supported inquiry-based 
geography teaching 

What are the key competencies of GIS-supported 
inquiry-based geography teaching for teachers? 

Practical part IV To develop design principles for GIS-
supported inquiry-based geography 
education 

What are the characteristics of an optimal design 
for GIS-supported geographic inquiry projects? 

V To provide insight into the challenges for 
teachers to provide optimal coaching when 
students engage in GIS-supported 
geographic inquiry, and to provide some 
ideas about how these challenges can be 
overcome 

What are the challenges for teachers to provide 
optimal coaching when students engage in GIS-
supported geographic inquiry? 
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secondary education carried out by colleagues such as Sarah Bednarz, Tom Baker, Shannon 

White, Joseph Kerski, and Tino Johansson.  

 

Table 1-2: The five levels at which the term ‘curriculum’ is used  

 
Source: Based on Van den Akker (2003). 

 

This dissertation aims to contribute to both scientific discussion and teaching and learning in 

practice. Its scientific contribution may lie in two fields. With the theoretical framework for 

GIS-supported inquiry-based geography education, the dissertation hopes to contribute to 

discussions about the nature of geographic knowledge and geographic thinking and the 

question how GIS fits in the geography curriculum. The second field is the use of new 

technologies in education. GIS seems to be an ideal tool for supporting inquiry-based 
education, and this dissertation tries to contribute to theory development on how to use the tool 

in an optimal way, and theory development on the characteristics of the knowledge base that 
geography teachers need to have in order to be able to teach their subject with GIS.  

Regarding the teaching and learning in practice, this dissertation aims to contribute to a more 

optimal use of GIS in secondary geography education. The design principles can be used by 

teachers to shape their geography lessons with GIS, by software developers to construct GIS 

software, and by school textbook authors to develop educational materials. The student-
competency framework for GIS-supported inquiry-based geography learning can be useful for 

different actors in the field of geography education. Teacher trainers can use the model to 

structure their teaching programme and to design geographic inquiry projects. The framework 

can also be useful for those involved in the design of geography standards and exams. In 
addition, the dissertation also tries to give insight into the challenges for teachers to provide 
optimal coaching when students engage in GIS-supported geographic inquiry, and to provide 

some ideas about what can be done to overcome these challenges. This dissertation gives some 

recommendations for the design of teacher education programmes. 

 

1.5 Outline of the dissertation 
This dissertation is subdivided into two parts: a theoretical part and a practical part. The former 

focuses on the three theoretical aims, while the latter focuses on the two practical aims. 

The theoretical part of the dissertation reports on the theoretical stage of the PhD research, 
which aims to: (Aim I) construct a model for GIS-supported geographic inquiry; (Aim II) 
construct a student-competency framework for GIS-supported inquiry-based geography 

learning; and (Aim III) construct a teacher-competency framework for GIS-supported inquiry-

Example 

Level Supra International European Directives for foreign language education 

Macro National The national standards 

Meso School School programme 

Micro Teacher & Class Module (learning goals, construct for use in educational settings, design of 
the tasks, design of the coaching) 

Nano Student Personal learning 
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based geography teaching. Chapter 2 discusses the literature which is useful to construct the 

model and two frameworks. Then, Chapter 3 presents the main outlines of a model for GIS-
supported geographic inquiry based on the literature, and argues that it is necessary to 

elaborate the model and provide more insight into the nature of the different components of the 

model. Next, Chapter 4 discusses the research approach that was used to elaborate the model. 

Then, Chapter 5 presents the results. The chapter discusses the nature of the different 
components of the model. It especially tries to provide more insight into the nature of 

geographic knowledge and geographic thinking. Next, Chapter 6 presents a student-
competency framework for GIS-supported inquiry-based geography learning; and Chapter 7 
presents a teacher-competency framework for GIS-supported inquiry-based geography 

teaching. Together, the model and two frameworks form the theoretical framework for GIS-
supported inquiry-based geography education. Finally, Chapter 8 is the Summary and 
Discussion Chapter of the theoretical part. This chapter summarizes the model for GIS-
supported geographic inquiry and the two competency frameworks, and discusses how the 
model and the two frameworks could be used to guide the design of GIS-supported geographic 

inquiry projects in practice. 

The practical part of this dissertation reports on the practical stage of the PhD research, which 
aimed to: (Aim IV) construct design principles of 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. Chapter 9 explains the research 

approach that was followed and Chapter 10, 11, and 12 presents the results. Finally, Chapter 
13 is the Conclusions and Discussion chapter of the practical part of the dissertation. This 

chapter tries to deduce some conclusions what was learned from the practical part of the PhD 

research and discusses the implications for science and practice.  

One of the most important conclusions of the practical part of the dissertation is that, in order 

to increase the effectiveness of GIS-supported inquiry-based geography education, it is essential 
that teachers are able to structure their own geographic subject knowledge and geographic 

inquiry knowledge, and to transform it so that it becomes accessible for students. Only then 
will they be able to effectively diagnose deficiencies in students’ geographic knowledge and 

geographic thinking, and will they be able to design effective tasks and formulate effective 

coaching interventions. This brings us back to Chapter 5, which provides ideas on how 
teachers can structure their knowledge and transform it to make it accessible. 
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2 Literature review 
The reviewed literature contained some interesting insights for developing a theoretical 

framework for GIS-supported inquiry-based geography education. Sections 2.1, 2.2, and 2.3 
briefly reviews in turn: literature that can be useful for constructing of a model for GIS-
supported geographic inquiry (Aim I); literature that can be useful for constructing a student-
competency framework for GIS-supported inquiry-based geography learning (Aim II); and 
literature that can be useful for constructing a teacher-competency framework for GIS-
supported inquiry-based geography teaching (Aim III). Then, Section 2.4 reviews other 

educational literature that can be useful for designing and conducting GIS-supported inquiry-
based geography education.  

It should be noted that in the reviewed literature, the terms ‘knowledge’ and ‘information’ were 

not always used in the same sense. In order to avoid confusion, in this dissertation, the term 
‘knowledge’ is only used for that what is internal (i.e. in the mind of individuals), while the term 

‘information’ is used for that what is external (i.e. in spoken texts, written texts, paper maps, 

etc).  

 

2.1 Literature for constructing a model for GIS-
supported geographic inquiry 

2.1.1 The discipline of geography 
Van Ginkel (2002) argued “Geography is about the Earth as the place of residence of humans, 

and about humans as residents of the Earth.” Geography is a complex and many-sided 
discipline. For outsiders, it may seem that geography consists of a wide range of sub-
disciplines, encompassing those that study physical phenomena, and those that study social 

phenomena. Many authors (e.g. Viles, 2005) argue that the split between physical geography 

and human geography has widened in the recent years. So, is there a discipline of geography? 

Or, is it just a group of loosely related specialisms with their own fields, sets of concepts and 
methods? Harvey (2005) argued that geographers are always engaged with: (1) cartographic 

identifications; (2) the measure of space-time; (3) place/region/territory; and (4) environmental 

qualities and the dialectical dynamics of socio-environmental change. Most geographers start 

from one of these components when they study the characteristics, functioning, and problems 

of the world around us, but always include the other components too. Harvey’s first component 
refers to maps. Maps are important sources of information for geographers. Hartshorne (1969) 
once noted that if it is possible to investigate something without using a map, than it is 

questionable whether it is geography. Harvey’s second component refers to the dimensions 
time and space. Geography is inevitably concerned with spatial location, spatial situation, 

spatial distribution, spatial association, and spatial interaction, but also with processes 

(Hoekveld, 1971; Graves, 1984). Harvey’s third component refers to the entities that 
geographers distinguish. Geographers often distinguish places and regions when they study the 
characteristics, functioning, and problems of the world around us. Finally, Harvey’s fourth 
component refers to human-nature relationships. In contrast to the widening gap between 

physical geography and human geography in higher education, secondary geography 

education often emphasizes the relationships between natural phenomena and social 
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phenomena. Scientists in the field of secondary geography education (e.g. Van der Schee, 
1987; Van den Berg et al., 2009) often argue that human-nature relationships are one of the 

most important concepts of the discipline.  

There is not one single approach to doing geography. Instead, a proliferation of approaches has 

evolved over time (De Pater & Van der Wusten, 1996). Examples are the regional geographic 

approach, the spatial analysis approach, and the cultural-geographic approach. The question is: 

What is an appropriate approach for GIS-supported inquiry-based geography education? The 

next sub-section discusses some ideas from the literature that can be useful for answering this 

question.  

 

2.1.2 An approach for GIS-supported inquiry-based geography 
education 

Gersmehl (2005) proposed an approach for geography education that he described with a 
methaphor of the two blades of a pair of scissors: a regional-geographic blade; and a topical-
geographic blade. The regional-geographic blade focuses on how all properties of a place or 

region make what that place or region is, how these properties are related to each other, and 
how they are influenced by the properties of other places or regions. This approach mainly 

aims to describe and explain the properties of places and regions, thereby taking the spatial 

context into account. The topical-geographic blade, on the other hand, focuses on phenomena 

at broader scales. This approach mainly aims to generalize spatial patterns, and to identify 

relationships between spatial patterns. Gersmehl (2005; p.17) argued that: “In short, regional 

and topical geography are like the two blades of a scissor. If they are separated, they can still 

cut, but the blades are more effective when used together.” 

Van der Schee (2000) presented a model that describes how geography teachers can structure 
geographic content for their students: the geographic analysis model (Figure 2-1). The basic 
components of the model are regions and human and physical geographic phenomena. The 
model distinguishes two kinds of relationships. Vertical relationships are relationships between 

different properties of regions, while horizontal relationships are relationships between regions 

via flows of people, products, money, and etc. The dimension ‘time’ is included in the model 

via past developments (genesis) and future developments (planning). This geographic analysis 

model also shows that regions are composed of a number of sub-regions, and that horizontal 

relationships are present at different aggregation levels. 

Although the geographic pair of scissors (Gersmehl, 2005) and the geographic analysis model 

(Van der Schee, 2000) were intended for geography education in general, they also provide a 

useful guideline for geography education with GIS. However, we first need to have a simple 
model for GIS-supported geographic inquiry. The geography education literature contains some 

useful models for geographic inquiry that can be used to construct a model for GIS-supported 
geographic inquiry. The next sub-section discusses a frequently cited model from the literature. 
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Figure 2-1: The geographic analysis model 

 

Source: Van der Schee (2000). 

 

2.1.3 The model for the geographic inquiry process 
The US National Geography Standards (National Education Standards Project, 1994, p.42) 
consider the geographic inquiry process to be a cyclical process which consists of five 

activities: (1) asking geographic questions; (2) acquiring geographic information; (3) organizing 

geographic information; (4) analysing geographic information; and (5) answering geographic 

questions (Figure 2-2). This is the empirical cycle applied to the domain of geography. The 

standards state that a geographically-informed person should be able to perform all these 

activities well.  

The model provides some interesting ideas about the nature of the geographic inquiry process. 

However, there are some problems. The first problem is that the model does not give a clear 
description of the word ‘geographic’. For example, Gersmehl and Gersmehl (2006) argued that 
the word ‘geographic’ in the five activities of the US National Geography Standards could 

easily be replaced by ‘historic’. So which questions are typically geographic? And what kind of 

information is typically geographic? And which thinking operations are typically geographic? 

The second problem is that the model does not give a clear definition of the term ‘information’. 

The standards do not distinguish between external sources of information about the world 

around us (e.g. maps), geodata (e.g. values of the properties which are connected to the 

elements in the map), and knowledge about the world around us in human memory (e.g. 

mental maps). The next sub-section discusses two models from the literature that may provide 

some insight into what is so typically geographic about geographic knowledge and geographic 

thinking. The term ‘information’ will be discussed in Section 2.1.6. 
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Figure 2-2: The model for the geographic inquiry process 

 

Source: National Education Standards Project (1994, p.42). 

 

2.1.4 Models for geographic knowledge and geographic thinking 
According to Abler, Adams, and Gould (1977), people can order experiences in a scheme. 

Stimuli enter our sensory memory to become experiences in the P-plane, in which the P stands 
for Perception. Connected to these experiences are constructs, which are ideas that are 
generalized from a large number of experiences. Examples of constructs are ‘Bombay’, ‘city’, 

and ‘settlement’. These constructs are necessary for people to construct knowledge on the basis 

of incoming stimuli. For example, when someone sees a movie about Bombay, that person can 

only call it a city when he or she has previously established the construct ‘city’ in his or her 

mind. If the stimuli cannot be related to an existing construct, it is necessary to generate a new 

construct in order for it to become a meaningful experience. Constructs are ordered in 

taxonomic forms. For example, the construct ‘Bombay’ is part of the higher-order construct 

‘city’, which in turn is part of the even higher-order construct ‘settlement’. The taxonomic links 

between the constructs are called definitions. In contrast to constructs, concepts are more 

abstract ideas. Examples of concepts are ‘distance’, ‘shape’, ‘velocity’, and ‘quantity’. 

According to Abler et al. (1977), these concepts can be grouped into two mega-concepts: 

‘number’ and ‘relationship’. For example, the construct ‘Bombay’ has the number ‘15 million 

inhabitants’. As Bombay is situated in India, the construct ‘Bombay’ is related to the construct 

‘India’ via the concept ‘situation’. The field in which these relationships are found is called the 
C-field, in which the C stands for Conceptual. 

Van Westrhenen (1987) also presents an interesting model that tries to structure geographic 

knowledge and geographic thinking. Van Westrhenen (1987) considered geographic thinking to 

be a logical series of cognitive operations performed by geographers when they study the world 

around us directly or when they study sources of information about the world around us, e.g. 

photos, texts, and maps (Figure 2-3). This will lead to the construction of new knowledge. Van 

Westrhenen (1987) distinguishes two main types of bodies of verbal knowledge about the 

world around us: (1) factual knowledge; and (2) conceptual knowledge. According to Van 

Westrhenen (1987), the two types of bodies of verbal knowledge can be can be differentiated 

into four categories (Table 2-1). Conceptual knowledge has a more abstract character than 
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factual knowledge. It has a large domain of application, and can be used to solve diverse 
problems. The bodies of conceptual knowledge are stored in a conceptual knowledge structure. 

 

Figure 2-3: The model for geographic knowledge construction 

 

Source: Van Westrhenen (1987). 

 

Table 2-1: Examples of factual and conceptual bodies of verbal knowledge about the world around us 

 
Source: Van Westrhenen (1987). 

Conceptual knowledge structure 

Concepts (classes) 

Objects 

The world around  us 

Body of verbal knowledge about the world around us 
Cognitive operation 

Type Example 

1F 1
st
 category factual knowledge “Amsterdam has 800,000 inhabitants”   describing the properties of 

an entity 

2F 2
nd

 category factual knowledge “Amsterdam is a city” classifying an entity into a 
class 

3F 3
rd

 category factual knowledge 
(taxonomic relationship) 

“Amsterdam has more inhabitants than 
Utrecht” 

comparing the properties of 
two entities 

4F 4
th

 category factual knowledge 
(dependency relationship) 

“There’s a daily flow of 9,000 commuters 
from Amstelveen to Amsterdam” 

relating two entities to each 
other  

1C 1
st
 category conceptual knowledge “Cities have many inhabitants” describing the properties of 

a class 

2C 2
nd

 category conceptual knowledge “Cities are settlements” classifying a class into a 
higher-order class 

3C 3
rd

 category conceptual knowledge 
(taxonomic relationship) 

“Cities have more inhabitants than villages” comparing the properties of 
two classes  

4C 4
th

 category conceptual knowledge  
(probabilistic/causal relationship) 

“The crime rate (in cities) is related to the 
number of inhabitants (of those cities)” 

relating the properties of 
two classes  
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Van Westrhenen (1987) presented a four-phase model for the analysis of texts. In the first 

phase, entities and classes are distinguished and identified. Their names, properties and 

property values are described, which results in 1st category factual and conceptual knowledge.  

In the second phase, entities are brought together in existing or newly created classes on the 

basis of more or less corresponding properties. For existing classes, the properties of the entity 

are compared with the properties of the class. This results in 2nd category factual and 

conceptual knowledge. Van Westrhenen (1987) used the term ‘concept’ to refer to a class, and 

the term ‘concept characteristic’ for the property of the class. For example, the concept ‘cities’ 

has the concept characteristic ‘a large number of inhabitants’. Classes can also be brought 

together to form higher-order classes, which can also be seen as a concept with concept 

characteristics. For example, the classes ‘cities’ and ‘villages’ can be grouped together into the 

higher-order class ‘settlements’. So the meaning of the term ‘concept’ in Westrhenen (1987) is 

clearly different from the meaning of the term in Abler et al. (1977). 

In the third phase, two classes that can be assigned to the same higher-order class are 

compared in order to find out if the concept characteristics correspond or not. For example, 

one can compare the number of inhabitants and the crime rates of the classes ‘cities’ and 

‘villages’, and in such a way recognize a relationship between the number of inhabitants and 

the crime rate. 

In the fourth and final phase, a body of factual knowledge is explained by setting out the 

connection with another body of factual knowledge and one or more bodies of conceptual 

knowledge. This results in an explanation. 

Van Westrhenen (1987) distinguishes three types of relationships. Taxonomic relationships are 
relationships in which the properties of entities that can be assigned to the same class, or 

classes that can be assigned to the same higher-order class, are compared. Dependency 
relationships are relationships between two entities. Finally, probabilistic or causal relationships 

are relationships between the properties of classes.  

Geographic thinking will result in the expansion of the conceptual knowledge structure. On the 
other hand, the conceptual structure guides the geographic thinking process. It determines 
which questions are asked, and which operations are applied. In his dissertation, Van 

Westrhenen (1976) presents a scheme for classifying different types of questions (Table 2-2). 
The scheme shows the connection between questions and different types of bodies of verbal 

knowledge about the world around us.  

Although the two models discussed above provide some interesting ideas about the nature of 

geographic knowledge and geographic thinking, these ideas are not worked out into detail, and 

the authors do not clearly explain what is so typically geographic about geographic knowledge 

and geographic thinking. The next two sub-sections discuss some literature that may provide 

some more insight into this issue. First, the literature about the concepts and thinking skills that 

are key to geography will be discussed. 
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Table 2-2: Examples of different kind of questions and answers 

 

Source: Van Westrhenen (1976). 

Question Answer 

Type Example  Type Example 

0 Definitoric 
question 

"What is the definition of 
'threshold value'?" 

definition "The threshold value is the number 
of customers which services need in 
order to be profitable" 

1F Factual question "What is the threshold value of 
the V&D (in the Kalverstraat)?" / 
"What is the threshold value of 
the Albert Heijn (in the Van 
Woustraat)?" 

1st category  
factual 
knowledge 

"The V&D (in the Kalverstraat) has a 
high threshold value" / "The Albert 
Heijn (in the Van Woustraat) has a 
low threshold value" 

2F Factual question  "What is the V&D (in the 
Kalverstraat)?" / "What is the 
Albert Heijn (in the Van 
Woustraat)?" 

2nd category 
factual 
knowledge 

"The V&D (in the Kalverstraat) is a 
warehouse" / "The Albert Heijn (in 
the Van Woustraat) is a supermarket" 

3F Relational factual 
question 
(taxonomic 
relationship) 

"What is the difference in 
threshold value between the V&D 
(in the Kalverstraat) and the Albert 
Heijn (in the Van Woustraat)?" 

3rd category 
factual 
knowledge 

"The V&D (in the Kalverstraat) has a 
higher threshold value than the 
Albert Heijn (in the Van Woustraat)" 

4F Relational factual 
question 
(dependency 
relationship) 

"Where is the V&D (in the 
Kalverstraat) situated?" / "Where is 
the Albert Heijn (in the Van 
Woustraat) situated?" 

4th category 
factual 
knowledge 

"The V&D (in the Kalverstraat) is 
situated in a shopping street in the 
Centre of Amsterdam" / "The Albert 
Heijn (in the Van Woustraat) is 
situated in a residential 
neighbourhood in the South of 
Amsterdam" 

1C Conceptual 
question 

"What is the threshold value of 
warehouses?" / "What is the 
threshold value of supermarkets?" 

1st category  
conceptual 
knowledge 

"Warehouses have a high threshold 
value" / "Supermarkets have a low 
threshold value" 

2C Conceptual 
question 

"What are warehouses?" / "What 
are supermarkets?" 

2nd category 
conceptual 
knowledge 

"Warehouses are services"/ 
"Supermarkets are services" 

3C Relational 
conceptual 
question 
(taxonomic 
relationship) 

"What is the difference in 
threshold value between 
warehouses and supermarkets?" 

3rd category 
conceptual 
knowledge 

"Warehouses have a higher 
threshold value than supermarkets" 

4C1 Relational 
conceptual 
question 
(probabilistic 
relationship) 

"Where are warehouses generally 
situated?" / "Where are 
supermarkets generally situated?" 

4th category 
conceptual 
knowledge  

"Services with a high threshold value 
are generally situated in shopping 
streets in the centre of cities" / 
"Services with a low threshold value 
are generally situated in residential 
areas"  

4C2 Relational 
conceptual 
question (causal 
relationship) 

"How is the relationship between 
the threshold value (of services) 
and the distance to the city centre 
(of those services)?" 

4th category 
conceptual 
knowledge  

"The higher the threshold value (of 
services), the lower the distance to 
the city centre (of those services)" 

5 Explanatory 
question 

"Why is the V&D (in the 
Kalverstraat) situated in a 
shopping street in the centre of 
Amsterdam?" 

explanation "The V&D (in the Kalverstraat) is 
situated in a shopping street in the 
Centre of Amsterdam, because the 
V&D has a high threshold value and 
because services with a high 
threshold value are generally 
situated in shopping streets in city 
centres" 
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2.1.5 Key concepts and key thinking skills 
Several authors have tried to define the concepts and thinking skills that form the core of 

geography. Table 2-3 and Table 2-4 present lists of key concepts and key thinking skills in 
frequently cited Anglo-Saxon literature (for an overview of the literature on this issue, see the 

website www.teachspatial.org/sources).  

 

Table 2-3: Lists of concepts that are seen as ‘key’ to geography 

 

 

Author(s) Concepts 

Leat (1998): ‘the big 
concepts of geography’ 

(1) Cause and Effect; (2) Classification; (3) Decision-making; (4) Development; (5) 
Inequality; (6) Location; (7) Planning; and (8) Systems 

Kaufman (2004): ‘the 
spatial-temporal 
primitives’ 

(1) Place; (2) Size; (3) Shape; (4) Distance; (5) Direction; (6) Connectivity; (7) 
Containment; (8) Pattern; (9) Duration; (10) Sequence; and (11) Frequency. 

Holloway, Rice, and 
Valentine (2003): 
‘the key concepts’ 

(1) Space; (2) Time; (3) Place; (4) Scale; (5) Social formations; (6) Physical systems; and (7) 
Landscape and Environment 

Jackson (2006): ‘the key 
concepts’ 

(1) Space and Place; (2) Scale and Connection; (3) Proximity and Distance; and (4) 
Relational thinking 

Qualifications and 
Curriculum Development 
Agency (2007): ‘the key 
concepts’ 

(1) Place; (2) Space; (3) Scale; (4) Interdependence; (5) Physical and Human Processes; (6) 
Environmental interaction and Sustainable Development; and (7) Cultural Understanding 
and Diversity 

Taylor (2008): ‘the key 
concepts’ 

(1) Diversity; (2) Change; (3) Interaction; and (4) Perception and Representation 

Janelle and Goodchild 
(2009): ‘the foundation 
concepts for spatial 
thinking’ 

(1) Location; (2) Distance; (3) Network; (4) Neighbourhood and Region; (5) Scale; (6) 
Spatial heterogeneity; (7) Spatial difference; (8) Spatial dependence; and (9) Objects and 
Fields. 

Colledge (2008): ‘the 
geospatial concepts’ 

(1) Place-specific Identity; (2) Location; (3) Magnitude; (4) Time; (5) Boundary and 
Distance; (6) Distribution or Arrangement; (7) Regions; (8) Frames of Reference; (9) 
Orientation and Direction; (10) Pattern; (11) Clustering and Dispersion; (12) Spatial 
Association; and (13) Density and Distance Decay 

Gersmehl (2005): The 13 
aspects of spatial thinking 

(1) Location; (2) Condition;  (3) Connection; (4) Comparison; (5) Aura; (6) Region; (7) 
Transition; (8) Analog; (9) Pattern; (10) Pattern comparison; (11) Rule and Exceptions; (12) 
Pattern change; and (13) Spatial model  

Van der Schee (1987): 
‘the geographic core 
concepts’ 

(1) Location; (2) Distance; (3) Spatial distribution; (4) Spatial-property distribution; (5) 
Spatial association; (6) Spatial interaction; (7) Spatial system; and (8) Spatial diffusion 

Jo and Bednarz (2009): the 
concepts of spatial 
thinking 

(1) Magnitude; (2) Location; (3) Place-specific identity; (4) Enclosure; (5) Adjacency; (6) 
Arrangement; (7) Reference frame; (8) Shape; (9) Region; (10) Boundary; (11) Transition; 
(12) Movement; (13) Connection and Linkage; (14) Direction; (15) Distance; (16) Buffer; 
(17) Map projection; (18) Scale; (19) Relief; (20) Profile; (21) Gradient; (22) Layer; (23) 
Overlay; (24) Spatial association; (25) Hierarchy and Network; (26) Dominance; (27) 
Diffusion; (28) Density; (29) Dispersion and Clustering; (30) Pattern; and (31) Distribution  
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Table 2-4: List of operations that are seen as ‘key’ to geography 

 

 

The lists of key concepts show many differences. Most lists contain several types of key 

concepts: (1) concepts that refer to certain themes in geography (e.g. ‘sustainable 

development’); (2) concepts that refer to the dimensions of the world around us (‘space’ and 

‘time’); (3) concepts that refer to the entities which are present in the world around us (e.g. 

‘objects’) or entities which can be distinguished by humans within the world around us (e.g. 

‘place’ and ‘region’); (4) concepts that describe the way someone looks at the world around us 

(e.g. ‘scale’ and ‘reference frame’); and (5) concepts that can be used to describe and explain 

the characteristics and functioning of the world around us (e.g. ‘location’, ‘distance’, 

‘magnitude’, ‘degree of spatial clustering’, ‘spatial pattern’ and ‘spatial interaction’). Among the 

most consistent lists of key concepts are those of Golledge (2008), Gersmehl (2005), Van der 

Schee (1987), and Jo and Bednarz (2009). These lists almost exclusively contain concepts for 

Author(s) Thinking skills 

Bednarz (2004): ‘the 
spatial relating skills’ 

(1) Recognizing spatial distribution and spatial patterns; (2) Identifying shapes; (3) 
Recalling and representing layouts; (4) Connecting locations; (5) Associating and 
Correlating spatially distributed phenomena; (6) Comprehending and using spatial 
hierarchies; (7) Regionalizing; (8) Comprehending distance decay and nearest neighbour 
effects; (9) Way finding in the world around us; (10) Imaging maps from verbal 
descriptions; (11) Sketch mapping; (12) Comparing maps; and (13) Overlaying and 
dissolving maps 

Bednarz (2004): ‘the 
processes used in 
cognitive mapping and 
GIS’ 

(1) Constructing gradients and surfaces; (2) Layers; (3) Regionalizing; (4) Decomposing; (5) 
Aggregating; (6) Correlating; (7) Evaluating regularity or randomness; (8) Associating; (9) 
Assessing similarity; (10) Assessing proximity; (11) Measuring distance; (12) Measuring 
direction; (13) Defining shapes; (14) Defining patterns; and (15) Determining cluster 

Gersmehl & Gersmehl, 
(2006): ‘the spatial 
thinking skills’, ‘the 
spatio-temporal thinking 
skills’ and ‘the strategies 
for organizing other 
forms of spatial thinking 
for specific purposes’  

(0) Defining a location; (1) Describing conditions; (2) Tracing spatial connections; (3) 
Making a spatial comparison; (4) Inferring a spatial aura; (5) Delimiting a region; (6) Fitting 
a place into a spatial hierarchy; (7) Graphing a spatial transition; (8) Identifying a spatial 
analogs; (9) Discerning spatial patterns; and (10) Assessing a spatial association 

(1) Describing how places change in time; (2) Describing movements - how things change 
in location in time; and (3) Describing diffusions  

(1) Designing and using a spatial model; and (2) Mapping spatial exceptions 

Golledge (2002): ‘the 
geographic thinking and 
reasoning processes’ 

(1) Understanding scale transformations; (2) Being able to transform representations from 
1D to 2D and from 2D to 3D and in reverse; (3) Understanding relations and frames of 
reference; (4) Understanding spatial alignment; (5) Understanding distance effects; (6) 
Understanding spatial association; (7) Understanding orientation and direction; (8) 
Understanding spatial classification; (9) Understanding clustering and dispersion; (10) 
Understanding spatial change and spatial spread; (11) Understanding non-spatial and 
spatial hierarchy; (12) Understanding densities and density decay; (13) Understanding 
spatial shapes and patterns; (14) Understanding locations and places; (15) Understanding 
overlay and dissolve; (16) Understanding integration of geographic features represented as 
points, networks and regions; (17) Understanding spatial closure; (18) Understanding 
proximity and adjacency; and (19) Recognizing spatial forms.  

The six geographic 
thinking skills (Ankoné 
and Van der Vaart, 2007, 
p.48) 

(1) Comparing regions and phenomena in space and time; (2) Relating inside regions and 
between regions; (3) Describing and analysing phenomena and regions from different 
dimensions (natural, political, socio-cultural, economical); (4) Using geographic contexts 
to distinguish between the whole and the parts; (5) Describing and analysing phenomena 
and regions at different scales; and (6) Describing and analysing phenomena and regions 
by relating general patterns and the unique. 

Van der Schee (1987): 
the five map skills 

(1) Map production; (2) Map selection; (3) Map reading; (4) Map analysis; and (5) Map 
interpretation. 


