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10.4 Set-up 
In the final design, the set-up of the project consisted of 9 phases and took 8 hours of 

supervised lessons plus approximately 8 hours of students’ own time (Table 10-8). The software 

used in the project was ArcGIS, which is a professional Desktop GIS. Educational GIS packages 
could not be used as none of the available educational packages offered the required tools. 

 

Table 10-8: The set-up of the GIS-supported geographic inquiry project ‘Services & Customers’ in the 
final design 

 

Notes:  * = in students’ own time. 

 

In the introduction phase (phase 1), the students are told that they are going to do an inquiry 

project on the topic of services and their customers. The teacher tries to arouse students’ 

curiosity about the topic and their motivation for conducting the inquiry project. Then, the 

teacher describes the aim, learning goals, and set-up and planning of the inquiry project.  

The preparation phase (phase 2) consists of three activities. Students first follow a GIS training 
session (phase 2a). During this training session, they investigate an Excel file with geodata 
about the students of their school. This file consists of two sheets. The sheet ‘students’ has a 

column with the names of students, a column with their postcodes, columns with the X and Y 

coordinates of their home addresses and columns with their gender and class. The sheet 

‘schools’ contains the aggregated geodata for their school. It has a column with the name of 

their school, columns with the X and Y coordinates of their school, a column with the median 
of the absolute distance between the home addresses of the students and their school, a column 

with the total number of students, and columns with tabulated geodata about the gender and 

class of the students of their school. In the next step, students add the two geodata tables in GIS 

Main activities time [h] 

1 Introduction phase 

The teacher tries to arouse students’ curiosity about the topic and their 
motivation to conduct the inquiry project. The teacher also discusses the 
relevant concepts and explains aim, learning goals, set-up, and planning of 
the project.  

! 

2A 

Preparation phase 

Students follow a GIS training session in which they learn about the inquiry 
procedure of the project. 

1! 

2B 
Teacher and students engage in a preparatory whole-class discussion on the 
subject 

! 

2C 
Students make assignments in which they learn about the different types of 
survey questions and the characteristics of correct survey questions  

! 

3 Inquiry-planning phase Students construct inquiry plans 1 

4 Data collection phase Students collect geo-data in the field 3* 

5 Excel phase  Students enter, manipulate, and aggregate geo-data in Excel 1! 

6 GIS phase Students visualize geo-data in GIS 1! 

7A 

Presentation phase 

Students construct presentations 2* 

7B 
Students present their inquiry project, plus one-on-one discussions on the 
subject and inquiry strategy 

1 

8 Evaluation phase 
Teacher and students engage in an evaluative whole-class discussion on the 
subject 

9 Reporting phase Students write reports 3* 
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and construct a point map layer that shows the location of their school and a point map layer 

that shows the distribution of the students. Then they construct a map of the market area of 

their schools with the buffer tool. Fifty per cent of the students live inside the circle, and fifty 
per cent live outside the circle. Students also construct categories maps that show the gender 

and class of the students, a pie chart map that shows the total number of boys and girls at their 

school, and a bar chart map that shows the number of students per class. On the job, they learn 
about the characteristics of geodata, the characteristics of the different map types, and the 

structure of GIS. Also, they learn how and why to perform the relevant GIS operations. The GIS 
training session does not aim to train students’ knowledge to a level that they are able to 

analyse and visualize their own geodata independently later on. Instead, it aims to give students 

some insight into what GIS is and how GIS works. More important, it aims to give students 

some insight into the overall inquiry procedure of the project. The GIS training session gives 
them some idea about what they have to do, and how they could do that. 

After the GIS training session, the teachers starts a preparatory whole-class discussion on the 

subject of the project (phase 2b). In this discussion, the teacher lists the phenomena that 

influence the size of market areas of the secondary schools on the blackboard, thereby asking 

the students for input. Students use their knowledge gained in the GIS training session, but also 

knowledge about their own decision-making processes. The teacher structures students’ input 

by stimulating the students to make the relationships in students’ explanations explicit in the 

form of generalizations and rules, and convert their everyday thinking to more formal 

geographic thinking. 

The third and final activity of the preparation phase consists of a training in constructing survey 

questions (phase 2c). Students work on assignments in which they learn about the different 

types of survey questions and the characteristics of correct survey questions.  

In the inquiry-planning phase (phase 3), students are assigned to pairs, and each pair is 

instructed to choose 3 or 4 services, formulate hypotheses about the differences in the size of 

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

formulate a plan for testing their hypotheses.  

Then, students go to the services and collect geodata (phase 4). Back at school, they enter the 

geodata in Excel (phase 5). By following a handout, students construct two geodata tables that 
have the same structure as the two geodata tables used in the GIS training session. In doing so, 
they construct geodata tables that meet the criteria of a proper database table (Table 10-2). 

In the GIS phase (phase 6), students construct GIS maps on the basis of their Excel files by 

following a handout with a similar structure as the handout used in the GIS training session. 
These maps enable students to check their hypotheses. At the start of the GIS phase, students 
receive a USB stick with a topographic map layer, which could be used as a background map. 

Map layers of the population density and per capita income are also available. Students can use 

these map layers to reason about the other relationships and explanations for their geodata.  

In the next lesson, students present the outcomes of their inquiry project to their fellow students 

(phase 7). After each presentation, the teacher tries to structure, correct, and expand students’ 
geographic thinking, and to let them reflect on their inquiry strategy by giving feedback, giving 

hints, instructing, explaining, modelling, or questioning. 
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In the evaluation phase (phase 8), the teacher and students engage in a discussion on the 

subject of the project. Together they try to summarize what was learned and construct theories 

about the size of market areas of specific categories of services and a more abstract theory 

about the size of market areas of services in general (Figure 10-8). Together, the teacher and 

students alternate between knowledge construction (i.e. identifying relationships and 

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

and predict the size of the market area of individual services). 

The final phase is the reporting phase (phase 9). Students write a short report on their project. 

They are especially encouraged to include a section in which they discuss the theory and to 

include a reflection section in which they describe what they would do differently if they had to 

do the inquiry project all over again. 

 

Figure 10-8: The modelling process in the project ‘Services and Customers’ 
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11 Thick description 
Now that we have learned about the final design of the GIS-supported geographic inquiry 

project ‘Services and Customers’, we are ready to have a look at the design process of the 

project itself. This chapter describes the decisions that were made and the knowledge that was 

gained during the design process in the form of a thick description. 

The design process consisted of five cycles of designing, testing, and evaluating. Nine teachers 
from six schools from different towns in the Netherlands participated in the design process 
(Table 11-1). Four of these teachers also participated in the design processes of one of the other 

GIS-supported geographic inquiry projects.  

Most of the teachers had at least 5 years’ experience in teaching geography but none of them 

had extensive experience with GIS. Based on the experience of more than 20 courses and 

workshops provided by the researcher between 2006 and 2010, it was concluded that this 

group was representative for the teacher population in the Netherlands.  

As the teachers were fresh or almost fresh to GIS, and did not have extensive experience with 

inquiry projects, engaging in the design process was difficult for them. It was therefore 

necessary for the researcher to play an important role in the test rounds, especially in the first 

couple of cycles. 

 

Table 11-1: Characteristics of the teachers who participated in the design process 

 

 

Cycle I was conducted by the researcher alone. From the Cycle onwards, teachers joined the 

research team. In order to prepare them for the design process, the teachers were informed 

about the design and the knowledge that was gained in the previous cycle of the design 

process. Teachers also followed individual and small-group GIS training sessions provided by 

the researcher. In these sessions, teachers learned about the characteristics of geodata and GIS 
and learned to perform the Excel and GIS procedures themselves. 

The tests were conducted in 4th grade HAVO (senior general education) classes and in 4th 
grade, 5th grade, and 6th grade VWO (pre-university education) classes (Table 11-2). Students 
were between 15 (for the 4th grade) and 17 (for the 6th grade) years old. In total, 375 students 

participated in the tests. The students worked in triads (at school C) or pairs (at the other 

schools). All students were fresh or almost fresh to GIS. Some students had had a few lessons 

Teacher School Teaching experience GIS knowledge (GIS-TCK) 

A School A (Gorinchem) >20 years None  

B1 School B (Nijmegen) >10 years Little 

B2 School B (Nijmegen) 5-10 years Little 

C School C (Zutphen) 5-10 years Moderate 

D1 School D (Culemborg) <5 years None 

D2 School D (Culemborg) >20 years None 

D3 School D (Culemborg) 10-20 years None 

E School E (The Hague) 5-10 years None 

F School F (The Hague) 5-10 years Little  
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with Google Earth or a WebGIS, but none of them had ever used a Desktop GIS before. Most 

students had conducted a short geographic inquiry project before, which in most cases 

consisted of searching and analysing information on the Internet or analysing texts and photos 

provided by the teacher. None of the students had ever carried out a project in which they had 
to collect geodata in the field, and then construct maps on the basis of the geodata. 

 

Table 11-2: Characteristics of the tests in the design process of the GIS-supported geographic inquiry 
project ‘Services & Customers’ 

 

 

Sections 11.1-11.5 describe the design process in the form of a thick description. Each section 

describes one cycle of the design process, and consists of four sub-sections. The first sub-
section is the Introduction sub-section. This sub-section describes the composition and tasks of 

the research team, and the focus of the cycle. The second sub-section is the design stage sub-
section. This sub-section discusses the prospective activities: the conjectures that were 

formulated or modified. The third sub-section is the test stage sub-section. This sub-section 

discusses the realized instruction during the tests, including the design principles that were 
generated directly on the basis of experience in the classroom, without being part of a 

conjecture. Then, the fourth and final sub-section is the evaluation stage sub-section. This sub-
section discusses the retrospective activities. They the results of data analysis, and the 

conjectures that were accepted, rejected, or modified on the basis of the data. The evaluation 

stage sub-sections also describe the problems that were noticed by the research team, and the 

empirically-based considerations that were formulated. 

In this dissertation, a distinction is made between: theoretically-based and empirically-based 
considerations; ! and ! problems; learning difficulties; new, modified, accepted, rejected, and 

postponed conjectures; design principles; and challenges for teachers to provide optimal 

coaching (see Section 9.2.2). The considerations, problems, learning difficulties, conjectures, 

design principles, and challenges are indicated with notes in superscript in the text of the thick 

description (Table 11-3), and are summarized in the appendices.  

Period School Class Teacher No. of students 

I Feb-08 School X (Amsterdam) 4VWO Researcher 14 

II
A
 Nov-08 School A (Gorinchem) 6VWO A 10 

II
B1

 Nov-08 School B (Nijmegen) 5VWO B1 23 

II
C
 Dec-08 School C (Zutphen) 4VWO C 33 

II
A
 Jun-09 School A (Gorinchem) 5VWO A 23 

III
D1+2

 Jun-09 School D (Culemborg) 4HAVO D1 and D2 23 + 21 

III
D3 

 Jun-09 School D (Culemborg) 5VWO D3 20 

IV
E’
 Sep-09 School E (The Hague) 4HAVO E 13 + 10 

IV
E’’

 Sep-09 School E (The Hague) 5VWO E 11 + 10 

V
B2

 Oct-09 School B (Nijmegen) 5VWO B2 26 

V
C
 Dec-09 School C (Zutphen) 4VWO C 30 

V
F
 Mar-10 School F (The Hague) 5VWO F 19 + 18 

V
D1

 Apr-10 School D (Culemborg) 4HAVO D1  30 + 30 

V
D3

 Apr-10 School D (Culemborg) 5VWO D3 11 
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Table 11-3: Format for reporting about the design process 

 

 

11.1 Cycle I 
11.1.1 Introduction I 
This section discusses Cycle I of the design process (Figure 11-1), in which a short and very 

simple version with a high degree of guidance was designed, tested, and evaluated. The main 

focus of Cycle I was on the definition of the learning goals of the project, the domain-specific 
and domain-specific technological constructs for use in educational settings of the project, the 
set-up of the project, and the design of the handouts for the Excel phase and the GIS phase. As 
a lot of ! problems occurred in Test Stage I, and in Evaluation Stage I, an attempt was made to 

obtain more insight into the causes of these ! problems.  

The designing activities, teaching activities, and evaluating activities were carried out by the 

researcher. The first design of the project was tested with a 4VWO class at school X (Table 
11-2). 

 

Type Position (Sub-section) Format  Appendix 

theoretically-based consideration x TextTBC. Appendix A 

empirically-based consideration evaluation stage TextEBC. Appendix A 

! problem test stage and evaluation stage Text!P. Appendix B 

" problem evaluation stage Text"P. Appendix B 

learning difficulty evaluation stage TextLD. Appendix C 

new conjecture design stage TextNC. Appendix D 

modified conjecture design stage TextMC. Appendix D 

accepted conjecture evaluation stage TextAC. Appendix D 

partially accepted conjecture evaluation stage TextPAC. Appendix D 

rejected conjecture evaluation stage TextRC. Appendix D 

postponed conjecture evaluation stage TextPC. Appendix D 

design principle test stage and evaluation stage TextDP. Appendix E 

challenge test stage and evaluation stage TextCH. x 
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Figure 11-1: Cycle I of the design process of the project ‘Services and Customers’ 

 

 

11.1.2 Design Stage I 
11.1.2.1 Learning goals of the project 

The aim of the first design was formulated as follows: to map the market areas of services and 

describe the differences. Two learning goals were formulated. The first learning goal is to learn 

how to conduct a geographic inquiry that combines geodata collection in the field with 
geodata visualization in (GIS) maps. Emphasis was put on the collection of geodata (Domain 

Bb), the processing of geodata (Domain C), and the construction of knowledge on the basis of 

geodata (declarative knowledge in Domain D and E). The second learning goal is to develop 

knowledge on the topic of services and customers. The latter was not explained in detail. 

 

11.1.2.2 Domain-specific technological construct for use in educational settings  

The domain-specific technological construct for use in educational settings in the first design 
was much simpler than the one in the final design. The plan was that students would ask 

customers for their postcode only, and they would only construct maps of the distribution of 

HLT 

Design 

Cycle I 
(11.1) 

Design 
Stage I 

Evaluation 
Stage I 

Test  
Stage I 

Design of the Excel, GIS, presentation, and evaluation phases 
(+ ! problems related to geographic thinking) 

Design of the preparation and inquiry planning phases 
(+ ! problems related to inquiry strategy planning) 

Design of Stage Excel and GIS phases 
(+ " problems) 

Domain-specific construct for use in educational settings 

Aim and learning goals 

Set-up 

Focus 

Design of the presentation phase 
(+ ! problems related to inquiry strategy reflection) 

Domain-specific techn. construct for use in educational settings 
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customers and the market areas of the services. The inquiry strategy was predefined. Students 

would select three shops of the same category in different neighbourhoods. They would have to 

answer the following inquiry question: “What are the differences in the size of market areas of 
shops of the same category in different neighbourhoods?” 

 

11.1.2.3 Domain-specific construct for use in educational settings 

In the first cycle, the researcher had only intuitive ideas about the phenomena that influence 

the distribution of customers and the phenomena that influence size of market areas. So the 

project lacked a clear domain-specific construct for use in educational settings.  

 

11.1.2.4 Set-up of the project and the design of the individual phases 

The first design had a simpler set-up and offered more guidance than the final design. It was 

decided to follow the standard set-up of the didactic cycle (Knippels, 2002; Kortland, 2001) 
and include the following steps: (1) Introduction: introduction phase and inquiry-planning 
phase; (2) Conducting Inquiry: geodata collection phase, Excel phase, GIS phase, and 

assignment phase; and (3) Evaluation: evaluation phase (Figure 11-3). Students would not have 

to present their inquiry project or write a report. Instead, students would have to carry out some 

assignments. Altogether, the project would cover half as many lessons as the final design. 

 

Figure 11-2: The framework for the set-up of inquiry projects 

 

Source: Based on the didactic cycle (Knippels, 2002; Kortland, 2001). 

 

One of the main dilemmas was the question how to ensure that students are able to visualize 

their geodata without getting stuck. Four options were explored (Table 11-4). As students 
collect similar geodata (postcodes only) and construct similar maps, the most viable and 

effective option would be to offer no GIS training session beforehand, and to give students a 

geodata visualization handout with a high degree of guidance that consists of step-by-step 
instructions with worked-out examples (Option 4). The other options would take much more 

time. Now follows a short description of the phases that were considerably different from the 

phases in the final design. 

 

Introduction  Conducting Inquiry Evaluation 
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Table 11-4: Four options for geodata visualization and geodata processing 

 

 

The design of the Excel phase was very different from that of the final design. In Test Stage I, the 
plan was that students would enter the geodata (postcodes only) in a prepared Excel file in 

order to save time and avoid ! problems. The prepared Excel files would automatically 

manipulate and aggregate the geodata and organize it in two sheets: one with geodata about 

the customers; and one with the geodata about the shops.  

In the GIS phase, students would construct GIS maps of the distribution of customers and the 
market areas of the services on the basis of the Excel file by following a geodata visualization 

handout that consists of step-by-step instructions with worked-out examples. The geodata 
visualization handout would explain the concept ‘market area’ just before students construct a 

map layer of the market areas with the buffer tool. At the end of the GIS phase, students would 

export the three map layers to an open network directory, with names such as 
‘bakeries_shops.shp’, ‘bakeries_customers.shp, and ‘bakeries_market_areas.shp’, and save the 

layer files in the same directory. 

In the assignment phase, students would be instructed to add the map layers constructed by 

other students from the open network directory and answer some questions about the 

differences in the size of market areas between similar shops in different neighbourhoods and 

between different shops in the same neighbourhood.  

The evaluation phase would consist of an evaluative whole-class discussion. In this discussion, 

students would be stimulated to summarize and abstract the knowledge they have gained. The 

Option no. Explanation 

Option 1: 
Extensive GIS training 
session and unguided 
geo-data visualization 
and processing 

• ! In the preparatory phase, students receive a GIS training that trains their procedural and 
strategic knowledge in Domain C and Da via the low road or high road of transfer to a point 
when they are able to visualize their geo-data independently. They follow a GIS training 
handout that consists of, among other things, worked-out examples.  
• ! In the GIS phase, students use their knowledge to visualize and analyse the geo-data. They 
do not receive a new handout. 

Option 2: 
Short GIS training 
session and semi-
guided geo-data 
visualization and 
processing 

• ! In the preparatory phase, students receive a GIS training that introduces them to the 
relevant GIS tools. The GIS training session mainly aims to train students’ procedural 
knowledge in Domain C. They follow a GIS training handout that consists of, among other 
things, worked-out examples.  
• ! In the GIS phase, students follow a GIS handout that consists of step-by-step instructions. 
The GIS handout tells them which operations to apply, but not how to apply these operations. 
The GIS handout contains no worked-out examples. Instead, it contains references to the 
worked-out examples in the GIS training handout. So students need to have procedural 
knowledge, and not strategic knowledge. If students do not know how to apply an operation, 
they could use the references to find the relevant worked-out examples in the GIS training 
handout. 

Option 3: 
Short GIS training 
session and guided 
geo-data visualization 
and processing 

• ! The design of the preparatory phase is similar to the design of the GIS training phase in 
Option 2 
• ! In the GIS phase, students follow a GIS handout that consists of step-by-step instructions 
with worked-out examples. The handout tells them which operations to apply and how to 
apply these operations. 

Option 4:  
No GIS training 
session and guided 
geo-data visualization 
and processing 

• ! Students do not receive a GIS training. 
• ! In the GIS phase, students follow a GIS handout that consists of step-by-step instructions 
with worked-out examples. 
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discussion would be supported by a digiboard that shows the map layers constructed by all 

students in ArcGIS.  

 

11.1.3 Test Stage I 
11.1.3.1 Realized teaching and learning 

The introduction and inquiry-planning phase went as planned. The seven student pairs chose to 

investigate expensive supermarkets, grocery stores, newsstands, bakeries, toy stores, 

pharmacies, and upmarket shoe stores. The geodata collection phase also went as planned. 

Students said they spent about 1! to 4 hours collecting the geodata (including cycling to the 

shops). Some students, especially the ones who went to the posh shoe stores, complained that 

people did not want to give their postcode. 

The Excel phase and GIS phase also went as planned, although many ! problems occurred. The 

researcher was able to solve all these ! problems, although this took a considerable amount of 

time. Although there were only 14 students, the pressure on the researcher was high.  

The assignment phase did not go as planned, as students were not able to add map layers 

constructed by other students. This phase had to be aborted. The evaluation phase did go as 

planned. 

 
11.1.3.2 Collected data  

Three types of types of data were collected during and shortly after Test Stage I. First, the 
evaluation phase was videotaped. Second, field notes were made during the Excel phase, the 
GIS phase and the assignments phase. All ! problems were registered. Third and finally, surveys 

were conducted with the students immediately after they received their grades. The responses 

to the surveys (and the surveys of the following tests) are analysed in Chapter 12. 
 

11.1.4 Evaluation Stage I 
11.1.4.1 Evaluation of the learning goals 

The first learning goal, ‘learning to conduct geographic inquiry which combines geodata 
collection in the field with geodata visualization and processing in GIS maps’, was suitable for 

this GIS-supported geographic inquiry project. However, the first design turned out to be much 

too simple for 4VWO students. The surveys show that students found the project too easy and 

too structured (see Chapter 12). The first design would therefore be better for lower grade 

students, for example VWO 2 students. Another option would be to reduce the degree of 
guidance and expand the project.  

The second learning goal, developing knowledge on the topic of services and customers, 

turned out to be too vague. It was necessary to further specify the learning goal for the subject 

of the project. 
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11.1.4.2 Evaluation of the GIS phase 

Many ! problems occurred in the GIS phase. The field notes showed that a large part of these 

problems were caused by deficiencies in the GIS-handout: errors, omissions, and obscurities. 
Besides this, also many ! problems occurred as a result of student learning difficulties. First, 
students were often unable to open map documents or add geodata (geodata tables or map 

layers) in GIS!P1. They frequently confused the ‘Open Map Document button’ and the ‘Add 
Geodata button’. So apparently, students often find it difficult to understand the nature of map 

documents and map layersLD1. Second, students were often unable to add geodata because they 
had not set the source folder, or because they had set it inaccurately!P2. So apparently, students 

often find it difficult to understand how the Add Geodata tool worksLD2. Third, students often 

discovered at the start of the lesson that their map documents had been deleted or that their 

map documents contained corrupt paths!P3. It was discovered that, in the previous lesson, these 

students had not changed the settings for the file location, and had saved their map document 

or map layers at the default file location, or had saved their map document or map layers at the 

wrong location (i.e. on the C drive instead of on their USB stick). So apparently, students often 

find it difficult to work accurately and think about where they save their map documents and 

geodataLD3. Fourth, students often clicked the toolbar or the table of contents away, and were 

not able to get it back!P4. So apparently, students often find it difficult to adapt the GIS 

environmentLD4. Fifth, students often thought that their map “was gone” and that they had 

encountered a bug in the software when they were using the zoomtools!P5. It was discovered 

that they had, without being aware of it, drawn a tiny square with the zoom tool instead of 

clicking on it, and had zoomed in to a very detailed zoom level. So apparently, students often 

find it difficult to understand how the zoomtools workLD5. Sixth and finally, students often 

discovered that their map documents contained corrupt paths and that their map layers had 
become corrupt when they were working with GIS!P6. It was discovered that these students had 

moved or renamed their map layers with Windows Explorer. So apparently, students often find 

it difficult to understand the nature of map documents and map layers, and understand that 

moving and renaming of map documents and map layers results in corrupt pathsLD6. 

Due to the large number of ! problems as a result of deficiencies in the GIS handout, it was not 

possible to conclude whether Option 4 - no GIS training session and guided geodata 
visualization and processing (see Table 11-4) - was a viable and effective way to ensure that 
students visualize and process their geodata. 

Besides the ! problems mentioned above, also two ! problems were noticed during the test. 

First, students often found it difficult to explain their geodata because they worked with a messy 

table of contents in GIS!P1. It was discovered that many students had not changed the default 

settings for the file name when they saved their map layers. They had saved their map layers 

under default names (i.e. ‘export_output_x.shp’ instead of ‘market_areas.shp’). So apparently, 

students find it difficult to work accurately and set the file name properlyLD15. It also turned out 

that many students had saved their map layers under illogical names (i.e. ‘john_is_stupid.shp’ 

instead of ‘market_areas.shp’). So apparently, students find it difficult to work seriously and use 

logical file namesLD16. Second, some students gave incorrect descriptions of their geodata when 
they applied the geographic concept ‘market area’ and the statistical measure ‘median’. (see, 
for example, Table 11-5), although this was clearly explained by the researcher in the 

introduction!P2. So apparently, students often find this geographic concept and statistical 

measure difficult to understandLD17. 
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The first five ! problems and the first ! problem can be avoided by revising the software. On the 
basis of the experiences from Test Stage I, it was concluded that educational GIS software 

should clearly show the difference between operations which can be performed on the map 
documents (new map document, open map document, save map document) on the one hand, 
and operations which can be performed on geodata on the other hand (new data, add data, 
export data)DP1. Next, it was concluded that educational GIS software should have no source 

folderDP2, and no default settingsDP3. Also, educational GIS software should have an option for 

teachers to determine in which folders students can save their map documents and map layers, 

for example: only on their USB stickDP4. Next, educational GIS software should have fixed 

toolbars and a fixed table of contentsDP5, and should have a minimum size for the window of 

the zoomtoolsDP6. However, software development was not part of the design process. It was 
therefore concluded that it is necessary to anticipate future ! problemsEBC1, and that the design 
of the GIS handout should take the imperfections in the GIS software into account, and that 

students should be better prepared in order to be able to deal with these imperfections. In order 

to avoid ! problems with opening map documents and adding geodata tables and map layers, 
the teacher and handouts should clearly explain the nature of map documents and geodata 
tables and map layers, and explain the difference between the opening map documents and 

adding geodata tables and map layerDP7. Also, the teacher should classically instruct the 

students how to set the source folder at the start of the lessonDP8. In order to avoid further ! 
problems with corrupt paths and corrupt map layers, the teacher and handouts should clearly 

instruct students to save their map layers in the right directory and explain why it is important 

to do soDP9. Also, the teacher should clearly tell students about the nature of map documents 

and map layers, instruct them not to move or rename their map layers with Windows Explorer, 
and explain to them why they should not do soDP10. Also, the teacher and handouts should 

clearly instruct students to use logical names for their map layersDP11.  

 

Table 11-5: Transcript from a one-on-one discussion in the GIS phase of Test Stage I 

 

 

11.1.4.3 Evaluation of the assignment and evaluation phase 

The assignment phase did not go as planned. Students were not able to add the map layers 

constructed by other students, because many students had saved their map layers at the wrong 

location or because they had moved (parts of) map layers. In order to fix this ! problem, 

students were asked to copy the map layers with Windows Explorer to the open network 

directory. This even increased the mess. Some students moved the map layer file instead of 

Line Actor Text / Action Interpretation 

1 R “So, when you have a look at your maps, what did 
you find out?” 

2 S1 “For the bakeries here most people come from the 
vicinity. [...] For the bakery at the Albert Cuyp it is 
much more spread out. You can also see it in the 
market area” 

3 S2 “But there are also a lot of people who live outside 
the market area” 

S2 did not understand that the market area is 
based on the median of the distance, and that, by 
definition, 50 per cent of the customers live inside 
the market area and the other 50 per cent live 
outside the market area. 
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copying it, which resulted in corrupt map documents. Others copied only a part of the map 
layer file instead of the entire file, which resulted in corrupt map layers!P12. As a consequence, 

the assignment phase had to be aborted. So apparently, students find it difficult to follow such 
instructions accuratelyLD9. On the basis of the experiences in the assignment phase and 
evaluation phase, it was concluded that the design of the project should not include tasks in 
which students have to move or copy map layers with Windows Explorerexpansion of DP10. This 
implies that the project cannot include tasks in which students use map layers constructed by 

other students, or a whole-class discussion in which the teacher uses map layers constructed by 

students. This is too difficult and easily goes wrong. 

The researcher reorganized the files immediately after the lesson, which took a lot of time and 

effort. The next day, the evaluation phase was conducted as planned. Although the maps 

constructed by the students provided opportunities for starting interesting discussions on the 

geographic content, the researcher had the feeling that he was not able to raise students’ 

thinking to a higher level in the whole-class discussion. The need for better theoretical 

underpinning was clear. 

 

11.1.4.4 Evaluation of the set up 

On the basis of the experiences from Test Stage I, it was concluded that the set-up of the first 

design, a simple and short project with a high degree of guidance, was fine, but that the design 

of the individual phases needed much more attention, and that there was a need for more 

theoretical underpinning of the project. Also, it was concluded that such a simple and short 

project with a high degree of guidance was probably more suitable for students in lower 

classes. In the next cycle, it was investigated how to expand the project and make it more 

suitable for students in higher classes. 

 

11.2 Cycle II  
11.2.1 Introduction II 
This section discusses the Cycle II of the design process (Figure 11-3), in which the first design 
was enlarged to a version that was almost similar to the final design regarding the aim, set-up, 
and the construct for use in educational settings. The main focus of Cycle II was on the 

definition of the learning goals of the project, the constructs for use in educational settings of 

the project, the set-up of the project, and the design of the handouts for the Excel phase and 

GIS phase. During the tests, a lot of ! problems occurred when the students were working with 

Excel and GIS, and the research team noticed many ! problems when the students were 

formulating inquiry strategies and reflecting on their inquiry strategies. In Evaluation Stage II, 
the research team tried to get more insight into the nature of the learning difficulties that caused 
these problems. 

Teachers A, B1, B2, and C joined the research team at the start of the Cycle II. Decisions 

regarding the design of the project were made by the teachers and researcher together, but the 

researcher revised the handouts. The second design was tested at schools A, B, and C in, 

respectively, a VWO 6, VWO 5, and VWO 4 class (Table 11-2). The teachers conducted the 

project with a considerable amount of help from the researcher. Evaluative talks were held with 
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each teacher directly after the tests. The data were then analysed and interpreted by the 
researcher, and the results and interpretations were written down in a Research Report 1. The 

report was sent to the teachers, who were asked to give feedback. 

 

Figure 11-3: Cycle II of the design process of the project ‘Services and Customers’ 

 

 

11.2.2 Design Stage II 
11.2.2.1 Revision of the learning goals and the constructs for use in educational settings 

The teachers suggested broadening the learning goals of the project. First, they wanted the 
project to focus more on the development of geographic inquiry knowledge. More emphasis 

should be given to formulating inquiry questions and hypotheses, and to formulating geodata 
collection strategies. The researcher explained that students could formulate additional survey 

questions, visualize the additional survey geodata in chart maps and quantities map layers (see, 
for example, maps C and D in Figure 10-3), and use these map layers to answer their inquiry 

questions and check their hypotheses. The teachers were very enthusiastic about this idea. 

Second, the teachers found it useful for students to experience the whole process from geodata 

HLT 

Design 

Design of the Excel, GIS, presentation, and evaluation phases 
(+ ! problems related to geographic thinking) 

Design of the preparation and inquiry planning phases 
(+ ! problems related to inquiry strategy planning) 

Design of Stage Excel and GIS phases 
(+ " problems) 

Domain-specific construct for use in educational settings 

Aim and learning goals 

Set-up 

Focus 

Design of the presentation phase 
(+ ! problems related to inquiry strategy reflection) 

Domain-specific techn. construct for use in educational settings 

Cycle II 
(11.2) 

Design 
Stage II 

Evaluation 
Stage II 
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collecting to geodata visualizing and processing in GIS, including the construction of geodata 
tables in Excel. So students should manipulate and aggregate the geodata themselves, instead of 

letting the prepared spreadsheet do it for them. It was conjecturedNC12 that the problems caused 

by the learning difficulty that students often find it difficult to understand the meaning of the 

statistical measure ‘median’ and the concept ‘market area’LD17 can be avoided if they carry out 
the whole process by themselves. If they do so, students always work with geodata that is 
meaningful to them, and they will therefore be better able to describe and explain their 

geodata. It was conjectured that letting students carry out the whole process by themselves has 
another advantage too. In the design process of the GIS-supported geographic inquiry project 

‘student-directed inquiry’, it was noticed that students were often unable to visualize all their 

geodata in an optimal way!P3 because they found it difficult to understand the nature of map 

layers and the relationship between the format of attribute geodata and symbologyLD18. It was 
conjectured that, if students work with geodata that is meaningful to them, they can better 
understand how the geodata visualization operations workNC13. 

There were two additional reasons for decreasing the degree of guidance and letting students 

formulate inquiry questions, hypotheses, and geodata collection strategies by themselves. First, 

students found the first design too easy, and found that it offered too much guidance. It is 

probably more motivating for students to formulate their own inquiry strategy than to carry out 

a predefined inquiry strategy. Second, the teachers wanted to be able to assess students’ 

learning, and the revised design would offer more opportunities for students to distinguish 

themselves from their classmates. Teacher C decided that the output of the project should be a 

presentation. Teachers A and B decided that the output should be a presentation and a report. 

In order to provide more theoretical underpinning of the project, the relevant geographic 

literature on the topic was summarized and sent to the teachers. This included literature on 

location selection of firms, literature on the spatial distribution of settlements, and literature on 

people’s shopping behaviour (see Section 10.3.1). The teachers decided to use the theoretical 

insights from the literature to prepare students for their inquiry project.  

So in summary, we can see that although the teachers were not familiar with GIS-supported 

geographic inquiry projects, they did see the potential benefits of GIS. Also, we can see that the 

teachers were willing to set high learning goals, although this implied that it project would be 

more difficult to coach. 

 

11.2.2.2 Revision of the set-up of the project 

The revisions in the learning goals of the project implied considerable revisions in the overall 

set-up. In Test Stage II, the plan was that students would formulate their own inquiry strategy, 
instead of following a predefined inquiry strategy. They would formulate inquiry questions and 

hypotheses, and construct surveys. They would be free to fill in how they want to conduct their 

inquiry project as long as they focused on services and customers and included the concept 

‘market area’ in their inquiry. Due to these revisions, the inquiry project changed from an 
inquiry project with a high degree of guidance to an inquiry project with a low degree of 

guidance. This implied that in Test Stage II, students would collect different types of geodata.  

Following the notion that teaching with GIS should be preceded by teaching about GIS (e.g. 

Johansson, 2006), it was expected that students would need to have some GIS knowledge 

(Domain C and Db) before they could start working on their inquiry project. The research team 
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therefore decided to include a GIS training session in the set-up of the inquiry project. It was 
conjecturedNC14 that a short GIS training session in combination with a semi-guided geodata 
visualization (see Option 2 in Table 11-4) is the most viable and effective way to ensure that 
students visualize and process all their geodata without getting stuck. Option 1 seemed to be 

impossible for practical reasons, as the inquiry project requires students to perform long 

sequences of operations, and it would take a large amount of time to train students to the level 

that they are able to visualize and process their geodata without the help of a handout with 

step-by-step instructions. Next, it was expected that semi-guided geodata visualization and 

processing (Option 2) would be more challenging for students than guided geodata 
visualization and processing (Option 3). 

Besides the inclusion of a GIS training session, other revisions were made in the set-up of the 

project. A presentation phase and reporting phase were added, and the assignment phase was 
removed. 

 

11.2.2.3 Revision of the design of the introduction phase 

In the second design, students need to have knowledge about the meaning of the concepts 
‘range’ and ‘market area’ before they start constructing inquiry plans. Without this knowledge, 

they will not be able to make a relevant selection of services, formulate good geographic 

inquiry questions and hypotheses, and construct valid surveys for testing these hypotheses. It 

was therefore decided that the teacher would explain these concepts in the introduction. In 

order to provide students with more theoretical knowledge for constructing good inquiry plans, 

the teachers would discuss theories on location selection of firms, spatial distribution of 

settlements and people’s shopping behaviour (see Section 10.3.1) with the help of a PowerPoint 

presentation. The teacher would also hand out the information on paper. 

As students in Test Stage II had no experience with GIS, and no experience with inquiry 

projects in which they have to collect geodata in the field and visualize and process the 

geodata in maps, the research team expected that students would find it difficult to understand 

what they were supposed to do and how they were supposed to do itLD21. The research team 
conjecturedNC15 that ! problems caused by this learning difficulty could be avoided by showing 

them a PowerPoint presentation with the intended end products of the project: a map of the 

distribution of customers of three supermarkets, a map of the market areas of the supermarkets, 

a pie chart map with the transport means used by the customers of the supermarkets, and a 

quantities map with the visiting frequency of the customers. This will give them some idea of 

the overall inquiry procedure of the project. 

 

11.2.2.4 Design of the preparation phase 

The preparation phase in the second design consisted of a GIS training session only. Students 

would follow a GIS training handout and practice the relevant GIS operations. Students would 

practice these operations on geodata tables and map layers with a similar structure as the 
geodata tables and map layers that students are going to construct in the Excel and GIS phase. 

However, the content of the geodata tables and map layers would be different. The context in 

which the operations are applied would also be different. In the GIS training session, students 
would investigate the causes and effects of tornados in the USA. 
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11.2.2.5 Revision of the design of the inquiry-planning phase 

In the revised design of the inquiry-planning phase, the teacher would explain the requirements 

for the inquiry plan: it should include an inquiry question, one or more hypotheses, and a 

description of the geodata collection strategy (a list of survey questions). As the research team 

expected that some students might not be able to construct inquiry plans by themselves, it was 

decided that the teachers would check the inquiry plans and give feedback before the students 

start collecting geodata. Students in Test IIA and IIB1 would construct inquiry plans in their own 

time and upload them to the electronic learning environment. Students in Test IIC would 

construct inquiry plans at school and discuss their ideas with the teacher. 

There was one important consideration for the design of the inquiry-planning phase: students 
should be able to visualize all their geodata in maps. Geodata collected via multiple choice 

questions or open questions which ask for a number can be aggregated to the analysis level of 

services in Excel, and the aggregated geodata can be visualized per service in GIS. Geodata 
collected via open questions that ask for text cannot be aggregated and visualized per service. It 
was therefore decided that the teachers would instruct students not to formulate such questions. 

 

11.2.2.6 Revision of the design of the Excel phase 

In the revised design, students would collect more geodata and would do the geodata 
manipulation and aggregation themselves. Therefore, a completely new Excel handout was 

needed. There were two important considerations for the design of the handout. First, it is 

important that the geodata tables in their Excel file meet the criteria of a proper database table 
(see Table 10-2). If the files do not meet these criteria, students cannot visualize their geodata 
in GISEBC2. Second, the design of the Excel handout should take into account that students 

collect different amounts of geodata and different kinds of geodataEBC3. It was therefore decided 

to give students a handout with a high degree of guidance. The new handout consisted of step-
by-step instructions with worked-out examples based on one geodata set that contained all 

possible types of survey geodata. They handout contained IF-THEN statements in order to take 

into account the differences in students’ geodata (for a fragment of the Excel handout, see 
Figure 11-4). 
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Figure 11-4: Fragment of the Excel handout used in Test Stage II 

 

 

11.2.2.7 Revision of the design of the GIS phase 

In the revised design, students would have a larger geodata table (see, for example, Figure 
10-2), and would construct many more different kinds of map layers (see, for example, Figure 
10-3). Therefore, a completely new GIS handout was needed. As in Option 2 (see Table 11-4), 
a GIS handout was constructed which consisted of step-by-step instructions without worked-out 

examples. The handout would tell students which operations to apply, and in which order to 

apply those operations. However, it would not tell them how to apply these operations. Instead, 

the handout contained references to the GIS training handout (see Figure 11-5). The idea was 
that students who have forgotten how to perform the operations could trace back to the 

worked-out examples in the GIS training handout. Again, IF-THEN directions were included in 
order to take into account that students may have Excel files with a different structure. 

 

Figure 11-5: Fragment of the GIS handout used in Test Stage II 

 

Step 24a 

Type ‘average age’ in cell E1. 

Step 24b 

Type the formula ‘=average(customersJ2:J21)’  
in cell E2. If necessary, change the references 
to make sure that the formula refers to the right 
cells. 

If you collected data with a number format (for example the age of the customers, see the exemplary dataset), go to 
Step 24. If you did not collect data with a number format, go to Step 28. 

Step 24: Calculate the average value of the data with a number format (see figure below) for the first service. 

Step 26:  Copy one of the pie chart map layers  
    ! see the GIS training handout, Paragraph 5.3 

Step 27:  Change the symbology of the pie chart map layer and construct a quantities map layer (symbol size)  
    ! see the GIS training handout, Paragraph 4.2 

Attribute data with a number format (such as the average 
age of the customers) can be visualized in a quantities map 
with large symbols for high values and small symbols of low 
values. If your file contains this kind of data, go to Step 26. 
If your file doesn’t contain this kind of data, go to Step 28.  

Service 3 

Service 4 Service 2 

Service 1 
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It was a very time-consuming task to construct the handout for the GIS training session and the 
handouts for the Excel phase and GIS phase. The handouts were discussed with teachers, tested 

with eight students of two other schools in one-on-one (student and researcher) experiments, 

and revised a several times before the start of Test Stage II. 

 

11.2.2.8 Design of the presentation phase 

In presentation phase, students would present their inquiry project to each other and to the 

teacher. They would construct presentations in their own time. The teacher would give students 

a sheet with the requirements of the presentation beforehand. As reflection is important for the 

development of transferable inquiry knowledge, a note was included in the list with 
requirements for the presentations that said that students should include a reflection section. 

 

11.2.2.9 Revision of the design of the presentation phase 

The research team agreed that in Test Stage II, the teacher would organize a whole-class 
discussion on the subject of the project in which the students and teacher summarize and 
abstract the knowledge that was gained during the project. As the research team had little idea 
about the outcomes of the project, they also had little idea about how to set up such an 

evaluative whole-class discussion. The design of the evaluation phase was therefore left open. 

 

11.2.3 Test Stage II 
11.2.3.1 Realized teaching and learning 

The introduction phase went as planned. The GIS training session went as planned too, 

although some software-related ! problems occurred. For example, the buffer tool did not work 

in Test IIB1. It simply did not open. The teacher therefore had to skip the assignments in which 

students had to create buffers. After the lesson, it was discovered that the problem was caused 

by the default settings of the buffer tool. The default directory for storing new map layers is the 

directory from which the latest geodata table or map layer was added. As this was a read-only 

network directory, the buffer tool could not use it as a default directory. In Test IIA, it took a 

considerable amount of time to start the GIS software, and it often got stuck or suddenly closed 

down. Software-related ! problems such as the two problems mentioned above also occurred 

in later test stages. These problems were very annoying for the teachers, students, and 
researcher. 

The inquiry-planning phase went as planned in Test IIC, but not in Test IIA and IIB1. Students in 
the latter two tests were supposed to construct the inquiry plans in their own time, and, when 

finished, upload them to the electronic learning environment. Many students posted messages 

in which they asked questions about what they were supposed to do. Other students asked for 
feedback. Unfortunately, teacher B1 was ill for a few days and had no time to answer the 

questions or give feedback. The students were told via the electronic learning environment that 

they could start collecting geodata right away. 

The majority of the students did not encounter any ! problems in the geodata collection phase. 

Seventeen of a total of 27 student pairs went to services of the same category at different 

locations: supermarkets (two pairs), snack bars, primary schools, pharmacists, bakeries, 
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butchers, liquor stores, furniture stores, music stores, flower stands, warehouses, hairdressers, 

gyms, cinemas, video rentals, and coffee shops. Four student pairs went to services of the same 

category in the same street or shopping mall: supermarkets, pubs, fashion stores, and telephone 

shops, and two student pairs investigated shops of completely different categories in the same 

street or shopping mall. Then, two student pairs went to services of completely different 
categories at different locations. Finally, two student pairs went to a shopping street and had 
asked people at random about their shopping plans. The inquiry plans of the latter students 

were not checked by the teacher, and the students collected geodata that could not be used to 

construct maps of the market area of the services. So these students had to make new inquiry 

plans and do the geodata collection all over again. In the Excel phase, it was discovered that 

five other student pairs had not collected geodata as they were supposed to!P7: three student 
pairs had changed their surveys during the geodata collection because they discovered that 
they needed to sharpen their survey questions; and two student pairs had asked for the 4-digit 
postcodes (e.g. ‘3531’) instead of 6-digit postcodes (e.g. ‘3531JZ’). The geodata of these 

students was also useless, and they also had to do the geodata collection over again. On the 
basis of this experience, it was concluded that students apparently found it difficult to 

understand why it is important to collect the geodata as explained in the introduction phaseLD7: 
they found it difficult to understand how the geodata could be used to construct maps. In order 

to prevent students from collecting geodata in the wrong way, the research team concluded 

that it is absolutely necessary to instruct students clearly and several times how they should 

collect geodata, and to explain why it is important to collect the geodata in this specific 
wayDP16. 

The GIS phase was definitely not viable. A huge number of ! problems occurred. As a result, 
the pressure on the teacher and researcher was very high, and the teachers had little or no time 

to talk with their students about the geographic subject and inquiry strategy. The teacher and 

researcher often took over GIS tasks from the students when they got stuck, as this was often 

faster than supporting students so that they can overcome the problem. And the end of the 

inquiry project, it seemed that a considerable part of students’ maps had been constructed by 
the teacher and researcher, instead of by the students. 

The presentation phase went fine. The evaluation phase did not go as planned, however. 

Although the teachers had agreed to organize whole-class discussions in which the teacher 
would summarize and abstract the knowledge gained during the project, these discussions 
were cancelled at the last moment. Teacher A cancelled the whole-class discussion because of 

a lack of time, as the student presentations took much longer than planned. Teacher B asked 

the researcher to take over the whole-class discussion because he had not prepared for it. 

Finally, teacher C unexpectedly told the students they could go home after the last student 
presentation. When the researcher reminded him about the whole-class discussion, he replied 

that he thought that the students had already shown that they had learned enoughCH5. 

A complicating issue in the test was that many students lagged behind. There were different 

causes: students had not collected their geodata in time; students had to redo the geodata 
collection; students had missed a lesson; students had left their filled-in-surveys at home during 

the Excel lesson; students had left their USB stick at home during the GIS lesson. The lagging 

behind of students put a considerable pressure on the teacher. At the end of the GIS phase, only 

about half of the students had completed the GIS work. The teacher told the other students to 

complete the GIS work in their own time. However, most of them were unable to do so and got 


