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Table 11-36: Analysis of student reports (N=27) from Test VD1 

 

Notes: Some items are combinations of explanatory factors. These factors count for !. 

 

The presentation and evaluation phase in Test VD3 

Teacher D3 applied on average 1.6 teacher interventions per presentation in the presentation 

phase. In the evaluation phase, the teacher showed a symbolic representation (via the projector 

on the blackboard) in which the plus and minus signs were blanked-out. The teacher filled in 
the form, while asking the students for input and structuring students’ geographic thinking by 

making the relationships explicit in the form of generalizations and rules. This worked out fine. 

No. Explanatory factor N Details 

1 The degree of specialisation of the products 1 specialisation 

1A The quality-level 5! quality (3 times); quality-level (1 time); good 
quality (1 time); price-quality ratio (! time) 

1B The service-level 2 friendly staff (1 time); good service (1 time) 

1C The price-level 5! price-level (3 times); prices (2 times); cheap (1 
time); price/quality ratio (! time) 

1D The assortment 9 assortment (5 times); large assortment (2 times); the 
size (1 time); many choices for products (1 time) 

1E The degree of familiarity 2 familiarity (1 time); the name - whether it is 
familiar (1 time) 

1F The degree of specialisation of the conviction/
lifestyle 

0 

Other non-spatial factors and sub-factors 5 atmosphere (2 time); no empty shelves (1 time); 
discounts (1 time); the amount of advertisement (1 
time);  

Total non-spatial factors 30 

2A The distance to competitive services 1! whether there are also other competitive services 
in the vicinity (1 time); other shops in the vicinity 
(! time) 

2B The number of complementary competitive 
services in the vicinity 

2! whether they can profit from another service (1 
time); whether it is in a nice shopping area which 
attracts a lot of customers (1 time); other shops in 
the vicinity (! time) 

2C The population density in the vicinity 4 population density (2 times); the number of people 
and the distribution (1 time); the size of the city - 
whether there are many people around the service 
(1 time) 

2D The distance to large transport routes 0 

2E The distance to large transport nodes 0 

2F The parking facilities 3 good parking facilities (1 time); parking facilities (1 
time); free parking (1 time) 

2DEF The accessibility 7 accessibility (5 times); good accessibility (1 time); 
how people can go to the service - by car or 
bicycle (1 time) 

2AB
CDEF 

The situation 6 location (5 times); favourable location (1 time) 

Total spatial factors 24 

Total ill-defined and incorrect factors 4 distance (2 times); brands (1 time); characteristics 
of customers - income, transport means and age (1 
time) 
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With a little support provided by the teacher, students were able to fill out the form, even for 

the indirect relationships. Immediately after the evaluation phase, the teacher said that he had 

the feeling that this was a viable and effective task to stimulate deep learning about the 
geographic content. 

An interesting thing happened in the presentations phase of Test VD. Two students noticed, 

completely by themselves, that the location mattered (see Table 11-37). This is a very good 

thing. Afterwards, the teacher and researcher decided that teachers should make this notion 

explicitDP45. This was the final design principle that was generated during the design process of 

the project ‘Services and Customers’.  

 

Table 11-37: Transcript from a presentation of two students who investigated three bakeries in Test VD3 

 

 

Line Actor Text / Action Interpretation 

1 S “The woman who worked at the second bakery 
told us that they had moved 3 years ago. Before 
they were in the middle of a residential area, and 
now they are next to the supermarket. This was 
not a disadvantage for them. They even have more 
customers now. People go to the supermarket to 
do their shopping, and then also go to the bakery 
because the bread is better than in the 
supermarket. So this also explains the large size of 
the market area of that bakery. We actually 
measured the market area of the supermarket. So 
our conclusion is that the location matters for 
bakeries. 

S noticed independently that the supermarket is a 
complementary competitor, and not a competitor, 
although they did not make the geographic 
concept ‘complementary competition’ explicit. 

S noticed by themselves that the location on Earth 
matters.  
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12 Evaluation 
This chapter discusses how the students and teachers experienced the GIS-supported 

geographic inquiry project ‘Services & Customers’. Although the criteria ‘validity’ and 

‘effectiveness’ were mainly used as formative evaluation criteria during the design process, this 

chapter may provide some indications of the viability and effectiveness of the implemented 

final design, and some insight into how the viability and effectiveness evolved during the 

design process. So in this chapter, the criteria ‘viability’ and ‘effectiveness’ are used as 

retrospective evaluation criteria. 

 

12.1 Evaluation of the project by the students 
Surveys were conducted among the students in each test phase immediately after they received 
their grades. The surveys contained closed questions about students’ general opinion about the 

project, students’ opinion about the learning benefits of the project, and students’ opinion 

about the degree of difficulty and the degree of guidance (for the survey, see Appendix J). The 
differences in mean scores between the tests were not tested statistically, as the number of 

responses per test was small and as the differences in the mean scores were generally smaller 

than the standard deviation. 

The data shows that students’ general opinion about the project increased considerably 

between Cycle I and Cycle II (Figure 12-1), when the most radical changes were made in the 

learning goals and set-up of the project. The general opinion does not seem to have increased 
from Cycles II to V, when only changes were made in the design of the individual phases. For 

the fifth and final design, the items ‘useful’, ‘interesting’, and ‘fun’ scored, respectively, a 4.1, 
4.0, and 3.8 on average on a 1 to 5 Likert scale.  

 

Figure 12-1: Students’ overall opinion about the project on a 1 to 5 Likert scale 

 

 

Students were also asked for their opinion on the difficulty and degree of guidance of the 

project. Students in Test Stage I experienced the project as too easy, and the degree of guidance 

as too high (Figure 12-2 and Figure 12-3), but students in later tests stages experienced the them 
as ‘just right’. This suggests that it was a good decision to expand the project and let students 
formulate their own research questions, hypotheses, and geodata collection strategies.  
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Figure 12-2: Students’ opinion about the degree of difficulty of the project 

 

Notes: This question was not asked in Test Stage V. 

 

Figure 12-3: Students’ opinion about the degree of guidance of the project 

 

Notes: This question was not asked in Test Stage V. 

 

The two figures above also show that there were no differences between the 4HAVO students 
and the 5VWO students in Test Stages III and IV. The first group of students had to personalize 

standard inquiry questions and standard hypotheses, while the second group of students had to 

formulate inquiry questions and hypotheses by themselves. This shows that the differentiation 

in the degree of guidance between the 4HAVO students and the 5VWO students was effective. 

Students in Cycle V were asked two extra open questions: “What are the positive aspects of the 

project?”; and “What are the negative aspects of the project?” This yielded, respectively, 111 
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and 82 responses, which contained, respectively, 182 positive response items and 120 negative 

response items. Table 12-1 and Table 12-2 show the classified data. The tables show that 

students especially liked the project because it was new and different (18 per cent of the 

positive responses). They also liked the project because they could construct their own maps 
(12 per cent of the positive responses). Twenty-eight per cent of the positive responses were 

related to the learning process (e.g. “learning how to conduct inquiry”). Regarding the negative 

aspects of the project, students did not like the strict planning (19 per cent of the negative 
responses) and did not like the high workload (16 per cent of the negative responses). Nine per 

cent of the negative responses referred to the user-friendliness of the GIS. 

 

Table 12-1: Student opinion about the positive aspects of the project (N=127) 

 

 

Category Example 
Frequency 

       X % 

visualizing geo-data was fun "I liked constructing maps" 22 12% 

collecting geo-data was fun "It was nice to go to the stores and interview 
people" 

7 4% 

conducting an inquiry project was fun "I liked to conduct an inquiry project from start 
to end" 

5 3% 

learning to collect geo-data was useful "I liked to learn how to collect geo-data and 
[…]" 

3 2% 

learning to enter geo-data was useful "learning to enter and work with geo-data in 
Excel was useful" 

6 3% 

learning to visualize geo-data was useful "I learned to construct maps on the basis of an 
Excel file. That was very good" 

13 7% 

learning to conduct an inquiry project was useful "learning how to set up an inquiry project all by 
yourself" 

4 2% 

learning about services and customers was useful "learning how everything is related to each 
other" 

15 8% 

learning in general was useful "I learned a lot" 15 8% 

the instruction was clear "The assignment was clear" 7 4% 

satisfaction with the mark "I have got an 8.2!!" 5 3% 

the project was different / new "Something different from normal lessons" 33 18% 

the degree of freedom/guidance was just right "It was clear what we were supposed to do, 
while we could choose how to shape the inquiry 
project ourselves" 

11 6% 

the degree of difficulty was just right "I'm not very good with computers, but this 
project was not too difficult" 

3 2% 

the project linked practice with theory "You are working with real geo-data, and you 
need to think a lot about what you actually see" 

6 3% 

< short positive response items>  "Good project" 23 13% 

< miscellaneous> 4 2% 

total 182 100% 
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Table 12-2: Student opinion about the negative aspects of the project (N=127)  

 

 

Students were also asked for their opinion about the quality of different components of the 

design of the project. It seems that students’ opinion about the quality of the handouts and the 

quality of the GIS software increased in the course of the design process (Figure 12-4). The 
latter may seem strange, given that students worked with the same GIS software in each test 
stage. However, it is not as strange as it seems. In the course of the design process, the research 
team learned how to avoid most of the ! problems, and the number of instances in which 

students got stuck decreased considerably.  

Finally, students were asked for their opinion on the learning outcomes of the project. There 
does not seem to be any trend in the evolution of students’ opinion between Cycles II and V 
(Figure 12-5). The scores do not reflect the changes which were made in the design, such as 

including a preparatory classroom discussion, including an evaluation phase, and providing 
more and better support in the inquiry-planning phase. However, the figures do show that 
students valued the effects of the project on the development of domain-specific knowledge 

(e.g. theoretical knowledge about services and customers) higher than the effects on the 

development of domain-general knowledge (presenting the results of inquiry). They especially 

valued the effects of the project on the development of knowledge about visualizing and 

processing geodata.  

 

Category Example 
Frequency 

     X % 

the planning was too tight "We had too little time to do everything " 23 19% 

the work load was too high "A lot of work" 19 16% 

conducting surveys was time-consuming "There were almost no customers and we had to 
wait a long time" 

7 6% 

entering geo-data was time-consuming "Entering the geo-data takes a lot of time" 8 7% 

entering geo-data was boring "Entering the geo-data was boring" 4 3% 

presenting was not fun "I do not like presentations" 3 3% 

GIS skills are not useful for my future "I probably will not work with GIS again" 2 2% 

I'm not satisfied with my mark "My mark is ridiculous" 5 4% 

the instruction was not clear "It was sometimes unclear what we had to do" 4 3% 

there were problems with the USB sticks "The mess with the USB sticks" 2 2% 

the software was not user-friendly "The GIS sometimes got stuck" 11 9% 

the software was not in Dutch "GIS was in English" 3 3% 

there were no possibilities to use the software at 
home 

"We could only work in the Mediatheek, and not 
at home" 

3 3% 

working with geo-data easily went wrong "Working with geo-data is very difficult. We 
often got stuck " 

6 5% 

the project was too difficult "Difficult" 3 3% 

the collaboration was not good "I had to do almost everything by myself" 7 6% 

< miscellaneous> 10 8% 

total 120 100% 
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Figure 12-4: Students’ opinion about the quality of the design of the project on a 1 to 5 Likert scale 

 

Notes: This question was not asked in Test I. 

 

Figure 12-5: Students’ opinion about the learning benefits of the project on a 1 to 5 Likert scale 

 

Notes: 1 = This item was not included in the survey in Tests IVE’ and IVE’’; 2 = This item was not included 
in the survey in Tests IIID1&2, IIID3, VB2, and VD1. 

 

12.2 Evaluation of the project by the teachers 
At the end of the design process, a survey with closed questions was conducted among the 

teachers (for the survey, see Appendix K). The data show that six of the nine teachers were 

absolutely sure that they were competent enough to conduct the project without the help of the 

researcher (score ‘5’ on a 1 to 5 Likert scale), but three teachers did not feel competent enough 

yet (two times score ‘2’, one time score ‘3’ on a 1 to 5 Likert scale). The data also show that 
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teachers found the project reasonably viable and effective for students (respectively 3.5 and 3.8 
on average on a 1 to 5 Likert scale).  

The teachers were also asked for their opinion on the challenges to conduct the project. The 
challenges to provide optimal coaching as a result of insufficient knowledge about how to 

teach with GIS were split out for the different components of the teacher-competency 

framework for GIS-supported inquiry-based geography teaching. The average scores ranged 
between 1.6 and 3.6 for the different components, but were much higher for the technological 

components (TK, TPK, TCK, and TPCK) than for the non-technological components (PK, CK, 

and PCK). However, by far, the greatest challenge, according to the teachers, was the suitability 
of the GIS software for secondary geography education (Table 12-3). This challenge scored an 

average 4.6 on a 1 to 5 Likert scale. In the research team meetings, the teachers often said that 

the software was not tied to the needs of students. Besides the deficiencies reported in the thick 

description, there were also other problems. The GIS software used in the design process had 

far more tools than required for simple GIS-supported geographic inquiry projects, and students 
often got lost when they started exploring. Second, the menus of the tools did not have a simple 

and transparent structure, and students often found it difficult to understand the use and 

outcomes of the tools. Third, the software did not provide usefull error messages and solutions 
if students did something wrong.  

 

Table 12-3: Teachers’ opinion about the challenges to conduct the project (N=9) 

 

 

Item Sub-item X Stdev 

Organizational 
issues 

Scheduling issues 3.3 0.7 

Software instalment issues 3.4 1.4 

Technical issues 
Quality of the hardware 3.3 1.6 

Quality of the GIS software (suitability for secondary education) 4.6 0.7 

Insufficient 
knowledge 
about teaching 
with GIS 

My own Excel knowledge (TK) 3.1 1.1 

My own pedagogical knowledge (PK) 2 0.6 

My own knowledge about the subject ‘services and customers’ 
from the literature 

(Geo-CK) 1.6 0.7 

My own knowledge about inquiry methods in professional 
geography 

(Geo-CK) 1.6 0.5 

My own knowledge about how to support students with Excel 
tasks 

(TPK) 3.3 1.3 

My own GIS knowledge (GIS-TCK) 3.6 1.2 

My own knowledge about the subject ‘services and customers’ 
which is transformed in such a way that it can be used in the 
project 

(Geo-PKC) 1.6 0.7 

My own knowledge about appropriate inquiry strategies for 
student inquiry projects 

(Geo-PKC) 1.6 0.5 

My own knowledge about how to structure, correct and expand 
students’ geographic thinking 

(Geo-PKC) 1.9 0.6 

My own knowledge about how to students in formulating an 
inquiry strategy and how to stimulate students to reflect of their 
inquiry strategy 

(Geo-PKC) 1.6 0.5 

My own knowledge about how to support students with GIS tasks (GIS-TPCK) 3.6 1.5 
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The teachers were also asked how they had experienced the design process. The data shows 

that they had experienced the designing, testing, and evaluating of the project as very useful for 

their professional development as a teacher (Table 12-4). Participating in the design process 

had even somewhat changed their attitude towards teaching geography.  

 

Table 12-4: Teacher opinion about the design process on a 1 to 5 scale (N=9) 

 

 

X Stdev 

Engaging in the design process was useful for my professional development as a teacher 4.5 0.5 

Engaging in the design process changed my attitude towards teaching geography 3.3 1 

Engaging in the design process raised my interest in exploring other possibilities for using 
GIS in geography education 

4.3 0.9 
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13 Conclusions and Discussion 
The practical part of the PhD research aimed to explore how GIS-supported inquiry-based 
geography education can be realized in practice. In order to do so, a GIS-supported geographic 

inquiry project was developed via five progressive cycles of designing, testing in classroom 

settings, and evaluating. Nine teachers from six schools participated in the design process. In 
total, 375 students from HAVO (senior general education) and VWO (pre-university education) 

participated in the tests. Students were between 15 and 17 years old. The design was not tested 

at every school in every cycle though. Most teachers conducted the project only twice. 

The GIS-supported geographic inquiry project, called ‘project Services and Customers’, focuses 
on the phenomena that influence the size of market areas of services. Students select three of 

four services (e.g. gyms, supermarkets, or primary schools) and formulate hypotheses about the 

differences in the size of the market areas of these services, and the factors that can explain 

these differences. Then they go on fieldwork to the services to collect geodata via surveys. Back 
at school, the students enter, manipulate, and aggregate their survey geodata in Excel, and 

visualize and analyse their geodata in GIS. In such a way, they can test their hypotheses.  

In the course of the design process, the design of the project ‘Services and Customers’ 

improved, and the research team gradually gained insight into the characteristics of an optimal 

design for the project, and the challenges for teachers to provide optimal coaching. This 
chapter is the Conclusions and Discussion chapter of the practical part of the dissertation. 

Section 13.1 tries to answer the two research questions of the practical part by summarizing 

what was learned from the design process of the project. The two research questions are: 

“What are the characteristics of an optimal design for GIS-supported geographic inquiry 
projects?”; and “What are the challenges for teachers to provide optimal coaching when 
students engage in GIS-supported geographic inquiry?”. Finally, Section 13.2 discusses the 
implications of the research outcomes, reflects on the research approach, and presents some 

recommendations for further research. 

 

13.1 Conclusions 
13.1.1 The characteristics of an optimal design 
In this dissertation, an optimal design is seen as a design that: (1) has appropriate learning goals; 

(2) is legitimate; (3) is viable; and (4) is effective. Below we will focus of the four different 

aspects of an optimal design for GIS-supported geographic inquiry projects. 

 

13.1.1.1 The characteristics of appropriate learning goals 

The learning goals of the project ‘Services and Customers’ gradually became more concrete 

and higher in the course of the design process: they changed to deep geographic learning. In 

the context of the project ‘Services and Customers’, deep learning about geographic subjects is 
seen as follows: students learn how to think in a structured way about services and customers. 

They should develop a theory about the size of market areas of services that is consistent and 

practical, learn how to construct such a theory, and learn how to apply the theory to explain 

their geodata and other students’ geodata. Then, deep learning about geographic inquiry 
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methods is seen as follows: students develop transferable knowledge concerning the 
characteristics of inquiry strategies which are likely to result in inquiry with a high domain-
specific quality, and they learn to critically evaluate the domain-specific quality of their inquiry 

strategy. The change of the learning goals to deep geographic learning led to discussions about 

how to deepen students’ learning processes. 

A focus on stimulating deep geographic learning implies that it is necessary to choose a topic 

for the project that has a complex underlying theory in which many spatial phenomena play a 

role. The project ‘Services and Customers’ provides excellent possibilities for stimulating deep 

geographic thinking on the subject of services and customers, as the students’ geodata often 

showed many complex patterns and many (spatial) relationships which link practice to theory. 

It also provided many possibilities for stimulating deep geographic thinking about inquiry 

strategies, as students have to formulate plans in which the inquiry questions, hypotheses, and 

geodata collection methods should be connected to each other. 

 

13.1.1.2 The characteristics of a legitimate design 

A legitimate design for GIS-supported geographic inquiry projects should be based on, among 

other things, a good domain-specific construct for use in educational settings. The design 
process of the project ‘Services and Customers’ provided some insight into two questions: What 
makes a domain-specific construct for use in educational settings a good construct? And, how 

can such a construct be developed?  

The construct of the inquiry project ‘Services & Customers’ changed considerably from the first 
to the fifth cycle of the design process (Table 13-1). In the course of the design process, the 

research team learned that a good construct should consist of a content part and 

methodological part that are connected to each other.  

The content part should consist of knowledge in the form of a theory for use in educational 

settings. The theory should be consistent and practical. Regarding the consistency, it should 

include all relevant phenomena and the relationships between these phenomena that underlie 

the geodata, and should have a logical structure (i.e. one unit of analysis). Regarding the 

practicality, teachers should be able to use the theory to: (1) design tasks that aim to raise 

students’ geographic thinking to a higher level; (2) to diagnose problems as a result of student 

learning difficulties when students work on these tasks; and (3) to support students so that they 

can overcome these problems. During the design process, it was discovered that it was 

impossible to use simplified geographic theories from the literature to structure, correct and 

expand students’ geographic thinking on the topic of services and customers. These insights did 

not form a consistent theory that completely covered the content of the project, and they were 

not easy to operationalize. So instead, a theory for use in educational settings was developed 

by translating insights from the literature, and by using insights from practice to expand these 

insights. This resulted in a theory expressed in verbal form (a list of generalizations and rules 
about relationships, see Table 10-6) and visuospatial form (a symbolic representation, see 

Figure 10-5). The theoretical part of this dissertation helped to identify the relevant relationships 

and to organize them in a correct way, especially the part about the structure of bodies of 

verbal knowledge about the world around us (see Section 5.4.2) and the part about theories 

(see Section 5.4.6). 
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The methodological part of the domain-specific construct for use in educational settings should 

consist of a list of potentially effective inquiry questions and hypotheses, and a list of potentially 

effective geodata collection strategies. The inquiry questions should consist for a large part of 

spatial key questions (see Section 5.7), which are, in this inquiry project, questions that are 

connected to the situation of the services. Also, the inquiry questions, hypotheses, and geodata 
collection strategies should connect to each other, and connect to the theory for use in 

educational settings. 

 

Table 13-1: Evolution of the domain-specific construct for use in educational settings 

 

 

13.1.1.3 The characteristics of a viable design 

In the test stages of the design process of the project ‘Services and Customers’, it turned out that 

students often could not perform the tasks as planned when they were working with GIS, and 
subsequently got stuck. In this dissertation, such situations are called ! problems. These ! 
problems can be differentiated into: ! problems that can be attributed to deficiencies in the 

design of the tasks and coaching; and ! problems that can be attributed to student learning 

difficulties. Appendix B lists the ! problems as a result of student learning difficulties that were 

noticed by the research team during the design process of the project ‘Services and Customers’. 

As the ! problems threatened the viability of the project, the research team explored how they 

could be avoided by solving the deficiencies in the tasks and coaching. Furthermore, it was 

investigated how students could be prepared in order to avoid ! problems caused by student 
learning difficulties, and how students could be supported during the tasks so that they are able 

to overcome the ! problems. This resulted in revisions in the design of the tasks, and the design 
of the coaching. By formulating conjectures about the effects of these revisions, and by testing 

these conjectures with, among other things, video data, the research team developed 

knowledge about the characteristics of a viable design in the form of design principles (see 
Appendix E). 

So what was learned from the design process? First, it was discovered that it was useful to let 

students carry out the whole process from geodata collection in the field to geodata entering, 

Cycle Characteristics of the construct 
Reference to the 
design of the 
construct 

Reference to the 
evaluation of the 
construct 

Cycle I ·! Intuitive ideas (not made explicit)  11.1.2.3 11.1.4.3 

Cycle II ·! A summary of the economic-geographic literature on this topic. 11.2.2.1 11.2.4.7 

Cycle III ·! A list of standard inquiry questions and hypotheses 
·! A preliminary theory about the size of market areas of services in 
the form of a list of phenomena 

11.3.2.1 11.4.4.4 

Cycle IV ·! A list of standard inquiry questions and hypotheses  
·! A preliminary theory about the size of market areas of services in 
the form of a list of phenomena 
·! A list of potentially effective survey questions 

11.4.2.1 11.4.4.4 

Cycle V ·! A list of standard inquiry questions and hypotheses 
·! A theory about the size of market areas of services in the form of 
a list of comparisons, generalizations, and rules, and a symbolic 
representation, which is connected to a list of potentially effective 
survey questions.  

11.5.2.1 11.5.4.4 



Chapter 13: Conclusions and Discussion 

 249 

manipulating, and aggregating in Excel, and finally geodata visualizing and processing in GIS. 

This makes it easier for them to understand how the GIS operations work. Second, it was 

learned that the best way to ensure that students visualize all their geodata without 

encountering ! problems was to give them an Excel handout and a GIS handout with a high 

degree of guidance that consists of step-by-step instructions with worked-out examples (see 

Section 11.3.4.2). Third, it was learned that the handouts should be absolutely perfect. The 

tasks should have an appropriate design, and should be 100 per cent free of errors, obscurities, 

and omissions. Even the smallest and seemingly innocent deficiency is likely to result in ! 
problems (see Section 11.2.4.4). Fourth, it was discovered that it was useful to teach students, 
in advance, about the difference between map documents and map layers (see Section 
11.1.4.2), and about the criteria of a proper database table (see Section 11.4.2.2 and 11.4.4.1). 
Some authors (e.g. Johansson, 2006) argue that it is necessary to teach students first about GIS 

before they can engage in learning with GIS. However, in the inquiry project ‘Services and 
Customers’, it was not necessary to teach students extensively about GIS before they started 

working on their project. Instead, students learn about GIS on the job, when they are 
visualizing and processing their geodata. Fifth, it was discovered that it was very useful to 

check whether the geodata tables in students’ Excel files meet the criteria of a proper database 

table, and to check whether students have entered, manipulated, and aggregated all their 
geodata, before they start visualizing and analysing their geodata in GIS. In doing so, many ! 
problems can be avoided, especially those that are difficult to diagnose and overcome (see 

Section 11.5.4.3). Sixth, it was discovered that it is essential to instruct students clearly that they 

read the handouts carefully and follow them right to the end. In the test stages, many ! 
problems occurred because of careless reading of the step-by-step instructions in the handouts 

(see Section 11.2.4.4), or because students decided to go their own way and stopped following 

the handout (see Section 11.4.4.2). Students need to work precisely, otherwise they are likely to 

get stuck. In addition, it is essential that teachers provide a lot of structure, give very systematic 
and precise instruction, and pay attention to all relevant components of the design (see 
Appendix E). 

Besides the ! problems which were specific for the project ‘Services and Customers’ the 

teachers also faced the usual problems of conducting geographic inquiry projects with their 
students: (1) students did not do their homework (i.e. collecting geodata) on time; (2) students 
left their materials (e.g. their USB stick, filled-in surveys, or handouts) at home; (3) students 

missed classes; and (4) cooperation between students did not go well. As the success of each 

phase in the project depends on the success of the previous phase, the effects of the problems, 

once they occurred, often continued into later phases (see Section 11.2.3.1). These problems 

were therefore more pronounced than in non-GIS-supported geographic inquiry projects. 

It should be noted that software development was not part of this design process. Existing GIS 

software was used instead. However, many deficiencies in the GIS software were noticed 
during the tests, and the research team generated a large number of design principles for good 

educational GIS software.  

The ! problems put high pressure on the teachers during the GIS lessons. In the first couple of 

cycles of the design process, teachers spent almost all their time on supporting students to 

overcome these ! problems. Gradually, the research team learned how to avoid most of the ! 
problems, and the pressure decreased considerably. By the fifth cycle of the design process, 

teachers could spend half of their time on other things, such as starting one-on-one discussions 
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with students on the geographic content, or on the domain-specific quality of their inquiry 

strategy. A large part of the remaining ! problems can be avoided by revising the software. 

 

13.1.1.4 The characteristics of an effective design 

For different reasons, students’ learning was sometimes less-than-intended when they were 
working on their project. In this dissertation, the term ‘! problem’ is used for situations in which 

the learning goals were only partially reached. Altogether, 22 ! problems caused by learning 
difficulties were noticed by the research team during the design process of the project ‘Services 
and Customers’ (Appendix B). As the ! problems threatened the effectiveness of the project, the 
research team explored how they could be avoided or overcome. Again, this was done by 

formulating and testing conjectures about the effects of revisions in the design of the tasks and 
coaching. The overall conclusion was that in order to increase the effectiveness of the project, 

it was necessary to offer a considerable amount of guidance, otherwise students are likely to 

conduct inquiry with a low domain-specific quality and spend most of their time on superficial 

details. Now follows a short description of the most important outcomes. 

One of the most important ! problems was that students often did not know how to construct 

inquiry plans because they had little idea of what they were expected to do, and how they 

could do it. Students had never before carried out an geographic inquiry project in which they 
had to formulate inquiry questions and hypotheses, formulate a geodata collection strategy, 

visualize and process the geodata in maps, and subsequently answer their inquiry questions. As 

it was so new for them, they had to be properly prepared. During the design process, the 

research team tried out different preparatory tasks. It was discovered that the best way to 

prepare students is to include a short (1 hour) GIS training session in which students use an 
Excel file with geodata that is similar to the geodata they are going to collect (i.e. data of the 

students of their school) to construct GIS maps that are similar to the maps they are supposed to 

construct (i.e. a map of the distribution of students, a map of the market area of their school, 

etc.) (see Section 11.4.2.2 and 11.4.4.1). This GIS training session does not aim to teach 

students’ GIS knowledge. Instead, it aims to give students a better idea about what kind of 
inquiry questions and hypotheses they could formulate, and what kind of data they could 

collect to answer these questions and test these hypotheses. The GIS training session can 
therefore be seen as a focused GIS training session. 

Another important inquiry strategy planning-related ! problem was that students often 

constructed inquiry plans with a low internal and external validity and a weak spatial 

perspective. They made illogical selections of services, formulated poor inquiry questions and 

hypotheses, and/or constructed surveys that contained ill-formulated survey questions or survey 

questions which were ineffective for testing their hypotheses. Besides this, they included few 

spatial phenomena in their inquiry plans, such as the population density in the vicinity of 

services, the distance of services to competitive services, and the number of complementary 

competitive services in the vicinity of services. Students were often not aware that the location 
on earth mattered when they were constructing inquiry plans. In order to avoid these ! 
problems, two preparatory assignments were included in the preparation phase. First, an 
assignment was included in which students learn about the different types of survey questions 

and the characteristics of correct inquiry questions. Second, an assignment was included in 
which students investigate maps of the population density, per capita income, and distribution 
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of different kinds of services. Although it was not certain whether these assignments were 
effective to avoid the ! problems, they were useful in another way. Teachers often referred back 

to them later on in the project when students were trying to explain their geodata. 

Another ! problem was that students rarely reflected on the domain-specific quality of their 

inquiry strategy by themselves (see Section 11.2.4.5 and 11.4.4.3). Including a note in the list of 

requirements for the presentations and reports that tells them exactly how to reflect helped a 

little. However, most students still reflected only superficially on the strength of the spatial 
perspective and the accuracy, reliability, or validity of their inquiry strategy. In the fourth cycle, 
the teacher engaged in extensive discussions with the students on the inquiry strategy. A 

comparison of the student reports from the test stages in the third and fourth cycle indicated 
that the discussions resulted in student reports with a higher number of reflection items and 

higher quality of those reflection items (see Section 11.4.4.3).  

When students were working with Excel and GIS, it was noticed that they were often more 

focused on making pretty maps than on thinking about the geographic content. Students often 

spend a considerable amount of time on changing the colours and symbols of the elements in 

their maps (see Section 11.4.4.2). Teachers should therefore explain that good descriptions and 

explanations for their geodata are valued more highly than maps with a perfect layout. In 
addition, teachers should interrupt the GIS lessons now and then to talk with their students 
about the geographic content. This is important, as students’ geographic thinking was often 
unstructured, incorrect, and limited when they were trying to explain their geodata (see Section 

11.4.4.3 and 11.5.4.4). Students often did not make relationships explicit, and frequently used 

everyday concepts instead of formal geographic concepts. Also, they were often not able to 

give a correct causal explanation, especially when there were several direct and indirect 
explanatory factors involved. Next, students often did not explain their geodata completely and 

overlooked important factors. Students seemed to overlook spatial factors more frequently than 

non-spatial factors, which shows again that they were often not very aware that the location on 

earth mattered. Another issue was that students often tried to find all explanations in their 

geodata and did not explore other, non-sampled factors. One of the other main problems was 

that students did not know that it is important to choose an appropriate level of analysis and 

stick to it. Most students did not realise that to explain the size of the market areas of services 

the level of analysis is ‘services’ and not ‘customers’ or ‘people’. This was a barrier to come to 

clear reasoning. Finally, the research team noticed an important difference between analysing 
maps in atlases and analysing maps in GIS. Atlases often contain maps that are constructed 

with the aim to show relationships. Students can identify relationships at a glance in these 

maps, without intentionally looking for them. In GIS, however, the extent of the map window, 

the order of the map layers, and the symbology of the map layers is often far from optimal for 

identifying relationships at a glance. Teachers should not hope that students identify 

relationships when they are not intentionally looking for them, as this is unlikely to happen. 

The key to identifying relationships is the generation of a kind of ad hoc and implicit mini-
hypotheses. Students need to have a motive. This will drive them to pan and zoom the map, 

add new map layers, change the order of the map layers, or edit the symbology of the map 

layers, and check whether a relationship is present or not. Mini-hypotheses may also drive 

them to apply GIS tools, such as the information tool. However, the fact that students often 
overlooked relevant factors when they tried to explain their geodata implies that they did not 

formulate such mini- hypotheses as often as they should. Furthermore, when students did 
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formulate mini-hypotheses, they often did not use GIS to check them. Instead, they often used 

their background knowledge about the subject.  

In this dissertation, we have seen that it is necessary for teachers to engage in discussions with 

their students in order to raise students’ thinking on the geographic content and on geographic 
inquiry strategies to a higher level. Teachers should do this at several points in the project 
(Figure 13-1). Regarding the geographic content, teachers should organize preparatory whole-
class discussions at the start of the project and evaluative whole-class discussions at the end of 

the project in which the students and teacher construct a theory together, thereby alternating 
between knowledge construction (i.e. identifying relationships and interactions in the maps) 

and knowledge integration (i.e. using the relationships and interactions to explain the size of 

the market area of individual services). Such whole-class discussions can have different designs. 

The students and teachers can construct a list of phenomena, a list of generalizations and rules, 

or a symbolic representation together. However, they could also fill out a list of generalizations 
and rules in which the statements about the direction of the relationships are replaced by 

‘larger/smaller’ and ‘positive/negative’, or fill out a symbolic representation in which the plus 

and minus symbols are blanked-out. This dissertation provides some insight into how such 

whole-class discussions can be designed, and how the designs worked out in practice (see, 

respectively, Section 11.5.2.3 and 11.5.4.4). During the task, teachers can apply different 
intervention means to structure, correct, and expand students’ geographic thinking: (1) giving 

feedback; (2) giving hints; (3) instructing; (4) explaining; (5) modelling; and (6) questioning (Van 

de Pol et al., 2010). The list of common ! problems in Appendix C may help teachers to 

diagnose ! problems as a result of learning difficulties more easily. The dissertation also 

provides some insight into how individual interventions can be shaped, and how these 

interventions worked out in practice. Now follow some ideas about how teachers can support 

students in structuring their geographic thinking. When students’ reasoning contains implicit 

relationships, teachers can stimulate them to make the relationships explicit in the form of 

generalizations and/or rules by applying the following interventions: (1) explaining the 

relationship in the form of a generalization or rule with statements such as: “So you say that the 

higher A, the higher B”; (2) asking students to make the relationship explicit with questions 

such as: “How does that relationship work?” or “How can you put this relationship in the form 
of a rule?”; or (3) providing hints in which students have to finish blanked out generalizations 

and rules, such as: “Finish this sentence: the higher A, the ... B.” The idea of ‘dialogical 

teaching’ (see, for example, Haenen & Schrijnemakers, 2000; Renshaw & Brown, 2007) 
connects to the kind of teaching outlined above. The importance of discussions for effective 

learning is also stressed by the Thinking Through Geography method (Leat, 1998; Leat, 2000; 

Leat & Kinninment, 2000; Van der Schee, Vankan, & Leat, 2003; Vankan & Van der Schee, 
2004; Van der Schee & Vankan, 2006). In traditional education, students were often listening, 

for the entire lesson, to a teacher who was telling stories, or to other students who were reading 

texts. In modern computer education, students are often working on computer assignments for 

the entire lesson. The most effective form of GIS-supported inquiry-based geography education 

seems to be a combination of computer tasks and discussions on the content and inquiry 

strategy. This implies that teachers should be willing to spend more time on GIS-supported 

geographic inquiry projects. The statement ‘less is more’ (Van der Schee, 2007) definitely 
counts for teaching with GIS: teaching a few subjects deeply is more worthwhile than teaching 

a wide range of subjects superficially.  



Chapter 13: Conclusions and Discussion 

 253 

In this dissertation, we have seen that students’ geographic vocabulary and geographic 

grammar are generally poor: they rarely use geographic concepts by themselves; and never 

explain relationships in the form of rules or generalizations. This is no surprise, as the 

geographic vocabulary and geographic grammar are not taught in a structured way in 

secondary geography education. This is a shame, as it the geographic grammar and the 
geographic vocabulary are important 

 means to help students think geographically (see Section 8.2.2). This problem applies not only 

to geography, but also to other disciplines in secondary education. So it is no wonder that 

students find it difficult.  

It has been known for long that thinking in a systematic way about the world around us helps to 

better understand the world around us. This seems to be especially the case when studying the 

world around us with GIS, as working with GIS requires people to make their geographic 

thinking explicit and external. They have to choose the right GIS operations and have to apply 

these GIS operations on the right geodata; otherwise they will not be able to answer their 

questions. This dissertation therefore underlines the importance of teaching students to think in 

a systematic way when they work on GIS-supported geographic inquiry projects. This implies 
that the role of a teacher as a ‘coach in systematic geographic thinking’ is indispensible.  

Raising students’ geographic thinking to a higher level via dialogical teaching is a difficult 

process, and little is knowledge about effective strategies for this type of teaching. This 
dissertation provides a first step in research in this field. It provides a detailed theoretical 

framework and a couple of examples of good practices. The transcript of a whole-class 
discussion in Table 11-25 presents an example of discussion that aimed to raise students’ 

geographic thinking to a higher level. The transcript shows how learning by alternating 

between ‘going from practice to theory’ and ‘going from theory to practice’ can be effectuated 

via dialogical teaching. 

 

Figure 13-1: The model for the set-up of GIS-supported geographic inquiry projects 

 

Source: Based on the didactic cycle (Knippels, 2002; Kortland, 2001; Boersma, 2010). 
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The design process of the GIS-supported geographic inquiry project ‘Services and Customers’ 

resulted in 32 design principles for a viable and effective design (Appendix E). Most of these 

design principles can probably be used to design other kinds of GIS-supported geographic 

inquiry projects too. Table 13-2 shows the presumed generalizability of the design principles. 

 

Table 13-2: Presumed generalizability of the design principles 

 

 

13.1.1.5 Learning difficulties and the student-competency framework 

In total, 39 learning difficulties were identified by the research team during the design process 

of the project ‘Services and Customers’. Each of these learning difficulties is related to 

insufficient geographic subject knowledge, geographic inquiry knowledge, and/or geographic 

inquiry motivation in one or more of domains of the student-competency framework for GIS-
supported inquiry-based geography learning (see Chapter 6). Table 13-3 visualizes the learning 
difficulties in the student-competency framework.  

 

Table 13-3: The learning difficulties visualized in the student-competency framework 

 

 

Presumed generalizability Design principle No. 

High Geographic lessons 45 

Geographic inquiry projects 19, 31, 32 

GIS-supported geographic inquiry projects  1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 21, 22, 23, 35 

GIS-supported geographic inquiry projects which 
combine geo-data collection in the field with geo-data 
visualization and analysis in GIS 

15, 16, 17, 18, 20, 24, 25, 28, 29, 30, 33, 34 

Low Project ‘Services and Customers’ 12 

Geographic 
subject 

knowledge 
Geographic inquiry knowledge 

Geographic 
inquiry 

motivation 

DK DK PK SK M 

A Asking geographic 
questions  

25 …! 23 23, 24, 28, 29 …! 

Ba Collecting geo-data !… 7, 10, 11 
7, 10, 23, 26, 

27 
7, 24, 28, 29 10, 12 

Bb 
Collecting external 
representations 

…! 1, 6, 13 2, 9 23 … 

C Visualizing geo-data !… 1, 6, 13, 28 4, 5, 8, 23 5, 19, 23 3, 8, 14, 15, 16 

Da 
Cognitive processing of 
knowledge 

32, 33, 34, 35, 
37, 38 

17, 31 23, 30, 36, 37 
21, 23, 31, 34, 

37 
20, 21, 39 

Db 
External processing of geo-
data 

… 1, 5, 6, 10, 11  3, 4, 8, 23 3, 23 3, 8, 14, 15, 16 

E 
Answering geographic 
questions 

… … 23 23 … 

F Presenting the results …! … … … … 
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The table indicates that, when the research team tried to increase the viability and effectiveness 

of the project, attention was paid to almost every competency in the student-competency 

framework. So great care is required not only with the design of data visualization tasks 

(Domain C) and data processing tasks (Domain Db), but also with the design of research 

planning tasks (Domain A and Ba), and tasks which aim to stimulate students’ geographic 

thinking (Domain Da). 

 

13.1.2 The challenges for teachers to provide optimal coaching 
The teachers who participated in the design process of the project ‘Services & Customers’ 

believed that GIS offers great opportunities to raise their teaching to a higher level. However, 
they soon discovered that GIS-supported geography teaching holds many challenges. Following 
the teacher-competency framework for GIS-supported inquiry-based geography teaching (see 

Section 8.1.3), teachers should possess declarative knowledge, procedural knowledge, strategic 
knowledge, and motivation in the content field, pedagogy field, technology field, and in the 

intersection of those fields. The framework was used to investigate the challenges for teachers 

to provide optimal coaching when the project ‘Services & Customers’ was conducted in real 

classroom settings. 

Three types of data were analysed during the design process to get some insight into the nature 
of the challenges for teachers to provide optimal coaching. First, field notes collected during 
the test stages were analysed to get some insight into the situations in which the teachers were 

not able to diagnose ! problems caused by student learning difficulties, not able to take over 

tasks and overcome the ! problems, or not able to support students in such a way that they are 
able to overcome the ! problems. Second, video data from the test stages were analysed to get 

some insight into the situations in which teachers did not effectively diagnose ! problems or did 

not effectively support students so that they were able to overcome these ! problems. Third and 

finally, the reports of the research team meetings were analysed to get some additional insights 

into teachers’ knowledge and motivation in the different components of the teacher-
competency framework for GIS-supported inquiry-based geography teaching (see Section 
8.1.3). On the basis of this data, it was concluded that the major challenges for teachers to 

provide optimal coaching were: 

CH1  Challenge 1: Challenges due to insufficient declarative knowledge in the component 

‘Geo-PCK&M’, sub-component ‘domain-specific learning goals’. The learning goals 

gradually changed to deep geographic learning in the course of the design process. The 
teachers were not used to aim for stimulating deep geographic learning, and it therefore 

took a couple of cycles to find out which learning goals were appropriate (see, for 

example, Section 11.5.2.1). 

CH2  Challenge 2: Challenges due to insufficient declarative knowledge in the component 

‘Geo-PCK&M’, sub-component ‘domain-specific subject knowledge and domain-
specific inquiry knowledge for use in educational settings’. In the first couple of cycles, 

the teachers’ theoretical knowledge was sometimes not consistent and practical 

enough, and their thinking was sometimes unstructured, incorrect, and/or limited (see, 

for example, Section 11.5.4.4). Also, they sometimes did not have enough knowledge 

about inquiry strategies that are likely to result in inquiry with a high domain-specific 
quality. This challenge influenced Challenge 1. Because the teachers did not have a 
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consistent domain-specific framework in their minds, they did not aim for stimulating 

deep geographic learning until the fifth and final cycle of the design process. 

CH3  Challenge 3: Challenges due to insufficient procedural and/or strategic knowledge in 

the component ‘Geo-PCK&M’, sub-component ‘domain-specific subject knowledge for 

use in educational settings’. Teachers were sometimes unable to transform knowledge 

from the literature, or from their own background knowledge, to a consistent and 
practical theory that is suitable for use in educational settings (see, for example, Section 

11.5.2.4). During the group meeting in the fifth and final cycle of the design process, it 

became clear that the teachers were unfamiliar with constructing symbolic 

representations of theories (see, for example, Section 11.5.2.1). 

CH4  Challenge 4: Challenges due to insufficient declarative, procedural and/or strategic 

knowledge in the component ‘Geo-PCK&M’, sub-component ‘domain-specific inquiry 
tasks, coaching, and student learning processes’. Teachers were sometimes unable to 

diagnose ! problems as a result of learning difficulties when students were constructing 

research plans and when they were trying to explain their data. Also, they were 

sometimes unable to support students in such a way that they were able to overcome 

these ! problems (see, for example, Section 11.5.4.4). So in summary, teachers were 

sometimes not able to support students in their geographic thinking and in such a way 

raise it to a higher level. However, we have seen that teachers who had studied the 
domain-specific construct for use in educational settings carefully were able to offer 

better coaching than the teachers who had not (compare, for example, Section 11.5.4.4 
with Section 11.2.4.5). So Challenge 3 clearly influenced Challenge 4. 

CH5  Challenge 5: Challenges due to insufficient motivation in the component ‘Geo-PCK&M’, 
sub-component ‘domain-specific inquiry tasks, coaching, and student learning 

processes’. The degree to which teachers were willing to engage in one-on-one 

discussions with students or organize whole-class preparatory or evaluative discussions 

varied strongly among the teachers who participated in the design process. In the group 

meeting, all teachers acknowledged that deep geographic learning is a goal worth 

pursuing (see Section 11.5.2.1). However, during the tests, it was discovered that not all 

teachers actually focused on stimulating deep geographic learning. While some 

teachers said that they found the preparatory and evaluative discussions very valuable 

for students’ learning (see, for example, Sections 11.4.4.3 and 11.5.4.2), others wanted 
to skip these activities in order to save time (see, for example, Section 11.2.3.1). Also, 

some teachers took on a active role during the lessons and spent a lot of time on one-
on-one discussions, while other teachers preferred to spend their time on things which 

were not related to the project (see, for example, Section 11.5.3.1). For the latter group 

of teachers, conducting the project seemed to consist only of preparing the project, 

providing instruction, handing out educational materials, letting students follow the 

procedures, and supporting them when they encountered ! problems. This was already 

quite demanding, and these teachers were usually satisfied when the students 
completed the project without getting stuck. In the evaluative talks, one of the teachers 

said “I’m already happy when my students are able to construct a good map”, as if the 
purpose was to get students through the inquiry project, rather than to stimulate 

progression in geographic literacy. The lack of motivation to organize one-on-one or 

whole-class discussions may have had two causes. First, these teachers may not have 


