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Abstract

This report takes a look at the practical and technological challenges when implementing Geo-
graphical Information Systems(GIS) into high school geography learning. Locating challenges
discovered by other researcher as well as challenges discovered through teacher interviews re-
sulted in the following key challenges: Time constraints, software complexity, installation issues,
and GIS usage focus. Locating challenges is important for the further work with developing a GIS
application with learning intentions. Focusing on the challenges discovered in every aspect of the
development process have resulted in a web based GIS application. This application have further
been used in a implementation process involving students i a student workshop. The workshop
was used to evaluate how the previous challenges have been avoided and to locate new ones.
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1 Introduction

1.1 Background

Computer based Geographical Information Systems(GIS) have been around for almost 5 decades
now [1], and even though the GIS technology has existed for several years it is only in the last
ten years that people have began to realize the potential that lies within GIS technology. It is the
arrival if GIS applications on the Internet that can take most of the glory of it recent popularity.
What was earlier known as an expert only desktop technology can now be used by every ave-
rage computer user with an Internet connection. Companies like Google, Yahoo, MapQuest and
Microsoft was some of the initiators that helped spread the increasing use of digital maps on the
Internet. Now there are numerous different Internet GIS applications available, either as stan-
dalone map services or implemented in sites to visualize graphical locations. Also the desktop
GIS applications that earlier had almost no graphical user interface (GUI), and required expert
programming skills are now more user centered with GUI’s understandable by people with ba-
sic computer experience. This indicates that GIS is constantly conquering new ground, and it is
important to find even new ways of exploiting this huge potential that GIS has developed.

The use of technology in today’s society is growing in a rapid speed. Technology has changed the
way we live and it affects most people’s everyday life, in schools, at work and at home. Computers
have certainly changed the way we live and combined with the World Wide Web (WWW) it is
now a very important part of many people’s life. One problem with new technology, software
and hardware is that it also requires new knowledge and competence. Especially schools have a
great challenge when they educate their students in new technology. The schools and teaching
staff has a great responsibility when it comes to being up to date, this includes choosing what
IT equipment to use while lecturing, what teaching styles to use and what technological aids
they should use. these are all issues that they have to consider when planning their courses and
lectures. New technology arrives rapidly, and knowing what to implement and what not can be
difficult for teachers at all levels of education. The primary resource for the teachers is the course
textbook, these textbooks usually contain guidelines and suggestions about possible technology
and resources available for the specific topics in each chapter. This means that the authors of the
textbook hold a big responsibility for introducing new technology as they provide the teachers
with ideas and alternatives through each chapter.

How is the potential of GIS used and how can it be used as a technological tool in teaching? In
order to answer these questions a closer look has been made into a specific course where GIS
obviously has a great relevance which is geography. Geography is a subject which is common
from an early age in elementary school and all the way to high school. It is also an very important
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subject for understanding the world around us, geographical structures, the environment and the
worlds demography.

1.2 Research questions

• What are the technological and practical challenges when implementing GIS in geography
course?

• What can be done to increase the use, and simplify the implementation process of GIS in
education?

1.3 Methodology

The objective of this master thesis is first of all to evaluate the current use of Geographical
Information System (GIS) technology in the Norwegian school system. This evaluation will be
a preliminary study of the teachers experience and use of GIS. The results from this evaluation
together with findings done by others will further be used in order to suggest and perform a
possible approach of implementing GIS technology into a geography course.

The development process will be a user centered design process where the feedback from the
teachers will be used together with the expertise of the developer to determine the specifications
of the given GIS technology. The design process will also be based on how the GIS technology will
be implemented, and for what purpose. The implementation process will consist of user feedback
in the form of student’s experiences, performances and overall satisfaction with the technology.

The goal of the master thesis is to:

• Evaluate the current use of GIS.

• Look at possible areas in education where GIS can be useful.

• Locate challenges with GIS implementation and adapt accordingly.

• Attempt implementation with GIS based on challenges.

• Evaluate the implementation

1.4 Contribution

Hopefully this research will give some insight in how well GIS is currently implemented into
the Norwegian education. Also this research should provide a suggestion of an approach of
implementing GIS into the school systems with the focus of teaching with GIS rather than about.
And finally it will give some results about the success of the implementation.

1.5 Disposition

This Master Thesis consists of two studies that are highly related. The following report is divided
into five different chapters. Chapter 1 is the introduction of the project, containing the back-

2
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ground for the research and the research questions. Chapter 2 contains review of related work.
Chapter 3 contains an introduction and description of Geographical Information Systems and the
technology behind. Chapter 4 contains the first study, consisting of the subsections Approach and
Methods, Result and Discussion. Chapter 5 is the second study, which is a continuing of Chapter
3, it also consists of the subsections Approach and Methods, Result, Discussion and Further work.
Chapter 6 is the conclusion.

1.6 Keywords

Usability testing, Web technologies, Education, Learning, Spatial databases and GIS.
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2 Related Work

In the last 15 years there have been numerous attempts of implementing and integrating Geo-
graphical Information Systems(GIS) into the school systems all over the globe, but unfortunately
with various amount of luck. The different approaches of evaluating GIS in education are many,
Sarah Witham and Richard Audet [2] tried in 1999 to evaluate the training of both inservice
and preservice teachers. By teaching the preservice teachers with and about GIS in their teacher
preparation programs, it would increase the possibility of the teachers to incorporate GIS into
their teaching programs when entering the classroom. This approach will in theory work well
since the teachers are most likely to teach to their students what they have been thought during
their preparation programs, but at the same time it would take many years for the current tea-
chers who are uneducated in GIS to be replaced by the newly educated teachers who had been
through a preparation program involving GIS.

In 2002 Aaron H. Doering [3] did a study of teacher preparation programs, which showed
that having an instructor available who carries expertise in GIS is far more effective than using
tutorial based approaches, videos or just Internet based help. This would most probably also
be the case in earlier stages of education which again requires the teacher or educator to have
a certain degree of expertise in the given GIS technology in order to get the best results and
learning environment as possible for their students.

Some researchers at the University of Connecticut did a study [4] where they focused on using
Geographical Information Systems in the classroom, the teachers were studied and some critical
barriers were found, access to appropriate hardware was one of them. GIS technology was found
to be resource demanding, and it requires high performance equipment, which is not always
available. Time is another factor that is important, time to incorporate GIS into the curriculum
can be difficult, many types of GIS software also have a very steep learning curve which can be
quite time consuming. Other studies [5] [6] also found equipment and time as the two bar-
riers that in most cases were the reason that GIS is not more used in education. Complexities
in the various GIS softwares are factors that affects the time needed for both the teachers and
the students to learn how to use GIS. Results from a workshop held by The Geographic Data in
Education Initiative at Northwestern University [7] revealed many critical challenges that stu-
dents and teachers is facing when using GIS in classroom. The participants of the workshop were
researchers, curriculum developers, software developers and teacher trainers who specialized in
GIS in education. The results support the assumptions that GIS software are in most cases to
complex, both for teachers and students.

5
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Ali Demirci [8] tried in 2008 in Turkey to equip 14 teachers from nine high schools a GIS
software, digital data for an application, and the necessary written documents describing the
application in order to study the effectiveness of implementation of GIS-based application in
geography lessons. The implementation was not successful, only two of the 14 teachers success-
fully implemented the software in their teaching. The reason was that the teachers had problems
using and understanding the GIS software. Although there had been a pre workshop training
for the teachers the basic computer skills were lacking. Time was also an issue for some teacher,
which again relates to the inadequate experience with the GIS software. A big teacher survey
[9] in Finland discovered that the geography teachers did not feel that GIS could easily be in-
corporated into the curriculum and that the GIS teacher training should not be focused on the
technological part of GIS but rather the pedagogical. This points out how important it is to view
GIS as a tool for education, teaching with GIS instead of about GIS.When looking at the earlier
studies of GIS in education, and the various attempts of implementing GIS into education there
seem to be some factors that constantly recur.

• Time constraints

The teachers find it hard to find time for large implementation processes involving GIS soft-
ware. Also time to learn how to master the given GIS software is a key barrier. For the teacher
to have some degree of expertise is proven to be very important in the process of presenting,
using and exploring GIS software with their students, but that expertise can not be achieved
when there is not time to learn the software.

• Software Complexity

GIS software often have a steep learning curve which requires commitment from the users
in order to gain the experience needed to master the software in a way that a teacher most
likely would prefer if it is to be used in his or her lectures. Even lightweight applications tends
to present the user with far more available functions than needed, which often can be more
confusing than helping.

• Implementation methods

Many approaches have been based on implementing existing complex GIS software systems
which are usually used by professionals into different levels like for example high school.
Schools which may not have the equipment needed to meet the needs of these GIS software
systems. Also teachers and student without adequate computer knowledge.

• Focus

In most cases the methods have been to educate student about GIS and the use of GIS rather
than what is considered by many as more important, using GIS a a tool in education. The
term, teaching with GIS rather than about is something that should be prioritized.

These are all factors that should be taken into consideration before conducting a study about
GIS in education, all of these findings may be helpful for supporting results during the research
process or more importantly be used as guidelines for avoiding some of the challenges proven by
others.

6
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3 Geographical Information Systems

A geographical Information Systems(GIS) combines software, hardware, and data for displaying,
managing and analyzing geographically referenced information. This is IT-based systems that
analyze and process information and presents the results as digital maps. Basically it connects
geographical locations to database entries. GIS is used everywhere, for organizing and planning
geographical data by government agencies, fire departments, police departments and emergency
services, it is used to track spread of diseases, weather forecasts and other global phenomena.
GIS visualizes tabular data in a form that can easily be interpreted and understood by its users.

3.1 ESRI

In this project the idea is eventually to create a web GIS application, which obviously requires
some type of technology. Since this project is run at the Gjøvik University College, the choice of
software have been affected by the fact that they have a license agreement with Environmental
Systems Research Institute(ESRI) to give out students licenses that last for 6 months for all of
their software when used in teaching or research. Geographical Information Systems(GIS) tech-
nology comes in many shapes and sizes, one of the most known software producers is ESRI.
ESRI was founded in 1969 and realized already then that geographical information system tech-
nology would be important in the future. Since then ESRI have grown to be one of the leading
creators and distributors of GIS technology. ESRI provides software and applications for several
levels in the GIS world, including server side applications for publishing, desktop applications for
spatial analysis, development editing and viewing of spatial services, and client side web appli-
cations. They also provide a great amount of support and documentation on their resource web
page. [10] [11] Figure 1 illustrates a typical web GIS architecture model for ESRI.

3.2 Shapefiles

Shapefiles is the spatial data bank, this is where all the spatial data is stored into files. Shapefiles
is a type of data storing format developed by ESRI. Another widely used format is Geo databases,
Geo databases is often regular databases that have been spatially enabled, which means that they
can store Geo referenced objects like points, lines and polygons. Geo databases is suited for large
scale projects, while in this project Shapefiles will be used since it will not handle large amounts
of data.

3.3 GIS desktop content author

The GIS desktop content author is where the map services is created, styled and completed
before publishing. The desktop software provided by ESRI is ArcMap. ArcMap is a powerful
desktop GIS application for geospatial processing. Its main purpose is to create, edit, view and
analyze geospatial data. This is the part where the data from the shapefiles are used to create
and style the map that eventually will be viewed in the client application.

7
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Figure 1: Example of a web GIS structure

3.4 GIS server

A GIS server works as the link between the spatial database and the web-server. It is the GIS
server that publishes the map service created for the client. The GIS server can process queries
from the client and returns the query result. ESRI has developed a GIS server software called
ArcGIS Server, it consists of four different applications:

• Manager

The manager is a web interface program which can be used to publish various services on the
GIS Server. With the help of Manager it is possible to add, remove, edit and organize different
GIS service. With Manager can the user easy configure and troubleshoot the server system.

• Web Application Developer Framework

The Web Application Developer Framework has a set of tools available for the user to build
up GIS web applications. With this ADF it is easy to create an application that does mapping,
editing, Geo processing and more. This application was not be used, this application can auto
generate for example a Javascript API web application, this would in this case eliminate an
important part of the project concerning customizing a web GIS application

8
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• ArcGIS Explorer

ArcGIS Explorer is a free 2D and 3D GIS viewer used to explore, visualize and share GIS
information. ArcGIS Explorer is customizable and can be configured to be a user-intuitive
interface on the web, processing data from a GIS server.

• ArcSDE

ArcSDE is an application designed to let the user manage GIS data stored in a commercial
database such as IBM DB2, IBM Informix, Microsoft SQL Server, or Oracle. This was not of
any relevance since the dataset are Shapefiles and not stored in a Geo databases.

There are also open source alternatives to the commercial ArcGIS server software, Geoserver
and Mapserver are two of the most commonly known open source GIS server softwares. These
two could be considered if one had to look at the financial aspect of this project, but given
that they are open source they may lack in compatibility to other softwares, the documentation
is not sufficient, and there is a greater chance of security issues. What differs ArcGIS Server
the most from these two open source softwares is the previous mentioned step in the web GIS
architecture model, the desktop content author, this is not present in Geoserver and Mapserver,
this does not mean that the map services can not be styled or customized, but it is done on the
server side by a manual programming and a web interface, not as with ArcGIS Server where
the service is prepared by a desktop application such as ArcMap before uploaded to the server.
ArcMap offers much more advanced and diverse styling of maps than the two other alternatives,
and it is also well suited for handling Shapefiles, editing and managing the database tables in
the Shapefiles will be important in this project as there will be added data from other sources.
ArcGIS server is the software that works as a connection between the source data and the user
client. The way this is done is through different services. The Manager application is the basis for
the uploading, editing, activating and deleting of different services. Different services supported
by ArcGIS server is:

• Map services, Serves cached maps and dynamic maps from ArcGIS.

• Geocode services, Finds address locations.

• Geodata services, Provides geodatabase access, query, updates, and management.

• Geoprocessing services, Provides spatial analysis and data processing.

• Image services, provides access to image services.

In this project the only service that will be used is Map services for displaying cached maps
created for the web GIS application. Geoprossesing services should also be considered when
creating GIS application for educational purposes as it allows users to do spatial analysis and
data processing with the map which really increases the user interactivity with the application.

3.5 Web server

The GIS server publishes the map service, while it is the web server that connects the map
service to an client application. In a web GIS application is the web server the host of the client
application.
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3.6 Client application

A client application is the final output of the GIS service, it is where the map meet its users. ESRI
have developed several types of client application APIs (Application Programming Interfaces).

• Javascript API

• JAVA

• .NET

• Silverlight

• Flex

Which type to choose depend on the technology available. Silverlight and Flex are two types
which requires the user to download a web browser plugin on order for it to work. JAVA and
.NET requires a web server that supports the specific type of server scripting language, while
the Javascript API does not require any form of web browser plugin and it can be implemented
and used by any type of web server, therefore it is the obvious choice for this project. It was
preferred that the web GIS application would not require any software installation, so by using
the Javascript API it is possible to avoid the challenge concerning software installation and at the
same time be cross browser compatible.
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4 Teacher study

4.1 Approach and methods

The main constraint in this study will not be available technology or equipment, but rather
the amount of time available for each part in the research. This kind of constraint requires a
prioritizing of the work that lies ahead, and some decisions early in the process will affect how
narrow and specific the results will be. By setting limitations in some of the processes in the
study, the focus can be directed to the parts which are considered most important. In this study
there are several elements and uncertainties that need to be clarified in order to conduct the
research, meaning that some choices had to be made in regard of which school level to study,
which course to select and other loose threads that would strongly influence the course of this
study. First of all it should be stated that this research is performed in Norway and will focus on
the situation and schools in Norway.

4.1.1 School level

In order to get any answers to the part of the research about how GIS is currently used in
Norwegian schools, one needs to consider first of all which school level that is most likely to
implement technology into their education, in other words: which school level holds the most
resources, equipment and competence. Looking at previous attempts of implementing GIS into
education have shown that lack if available equipment is a barrier in many schools [4] [5] [6].
It is also important to consider at what level the students are competent enough to utilize a GIS
software, computer skills will in that case be important. Based on the facts that Norwegian high
school students age vary from 16 to 19, they were considered a appropriate target group for
this study. At levels below high school it is mandatory for children in Norway to attend, while
before starting at high school the students have to to choose in some degree what direction
they want to proceed, or if they want to proceed studying at all. By choosing the high school
level as the primary research area there is a greater chance to reach students who are more
motivated, which again may give better feedback in a survey or an interview. The computer
skill level of the students in high schools is also most likely to be more developed than students
at lower levels of education. Common for all of the public high schools is the school reform
’Kunnskapsløftet’ [12] which was introduced in autumn 2006. This reform consists of specific
guidelines for the different courses curriculum in the public high school education, ensuring that
all students completing high school get the same academic background. This certainly supports
the choice of school level since it is more likely that findings done in this research could be
applied to the majority of high schools in Norway.

4.1.2 Course

As mentioned can the students applying for the high schools choose what direction they want to
go for, and one type of direction and probably the most common is the study preparatory educa-
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tion programs ’Sport’, ’music, dance and drama’ and ’academic specialization program’. Students
who choose this direction instead of a more vocational orientation are most likely to continue
studying after graduated from high school, which again can support the fact that the students
are motivated. All of the programs that go under the study preparation education direction have
various courses specified for each program, but they also got three mutual courses that are man-
datory for all the study preparatory programs. The three mutual courses are ’geography’, ’history’
and ’religion and ethics’. By choosing a course from the three mandatory courses it is more likely
that the results from this research will benefit more people, and given that these are courses
which are mandatory for all programs it is not likely that any of the courses would go through
any big changes in either the structure or the curriculum in the near future. All of the three man-
datory courses have a potential to implement GIS into their lectures. History is a course where
historical events play a big part in the curriculum, and these events are often connected to geo-
graphical location. A possible scenario could be to use an interactive GIS application which lets
the students browse a map for historical events, or to let students add objects to a map related
to historical events. In the same way that the history course contains historical events there is
also some parts of the religion and ethics course which is also based on historical events, and it
could also implement GIS in the lectures in some degree. But in order to select a course which is
most likely to have used any form of GIS earlier, or is currently using it, the most obvious choice
of course is geography.

4.1.3 Course Information

The geography course is According to the geography curriculum created by The Norwegian Direc-
torate for Education and Training, is the competence aims in the subject ”Geographical sources
and tools” as follows: [12]

• Read and use maps in various scales and undertake simple map analysis

• Use digital maps and geographical information systems (GIS)

• Make observations and registrations of geographical features while on excursions or when
doing fieldwork and use these to consider nature and society in relation to each other

• Find and present geographical information by reading and assessing text, pictures and statis-
tical presentations from digital and other sources

• provide an overview of geographical main features such as rivers, lakes, mountains, cities and
countries, nationally and globally

All of these aims listed contain topics that easily could involve use of GIS, and the second aim
is actually directly aimed at the use of digital maps and GIS. Other subjects like ”Landscape and
climate”, ”Resources and industry” and ”Demographics and development” are also topics that
could benefit from the use of GIS.

4.1.4 Locating Qualified Personnel

The first process step in the process of researching the current use of GIS in the geography
course at Norwegian high schools is to contact qualified personnel, and teachers responsible for
a geography course. The public Norwegian high school Solør Videregående Skole [13] was first
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contacted. This school consists of three separate campuses which together holds about 500 stu-
dents and 150 employees. The reason for choosing this specific high school was simply because
of logistics, and previous connections to the school by the researcher. The original idea of resear-
ching the use of GIS in Norwegian high schools would require a more thorough research were
several, and maybe most of the high schools in Norway would be evaluated to get an overview
of were Norwegian schools stand today in the implementation of GIS in education, also in such
a research it could be interesting to evaluate different usage in different courses etc. This would
then become a very comprehensive research that could not have been completed within the time
schedule of this specific project. The desire of focusing more in the implementation process ra-
ther than the national use of GIS in Norway became a decisive factor. Therefore is the area of
research narrowed down to only evaluate the one high school and its geography course.

4.1.5 Teacher interview

When the connection with Solør Videregående Skole was established an meeting was scheduled
with two geography teachers. The meeting would also work as an initial interview, and it was
presented as an open dialog without any commitments. The following topics would be discussed:

• General information

First of all it is important to get background information about the teachers, contact infor-
mation and other courses that they are responsible for. After getting an personal connection
the geography course should be discussed, how it is run, how many students attend the geo-
graphy course, how many hours is granted to the course during a year and which textbook is
used in the lectures. This background information may be very important if it is decided to
go any further with this research and doing any studies involving students and teachers. The
textbook used in the geography course will most likely play a big role in how the teachers are
conducting their lectures, and give a good idea of which technological aids and tools that are
recommended by the textbook authors.

• Teachers experience with GIS

By mapping the teachers knowledge and experience with GIS one can get an idea of how
likely it is for the teachers to use GIS in lectures, it will also say something about the teachers
interest in GIS, this interest may be one of the key factor for how much GIS is used in the
lectures. Again here will most likely the textbook affect the result based on the recommenda-
tions found in it. The teachers experience and use of GIS may also be important to know if
later in the process the students experience and use of GIS will be evaluated.

• Current GIS implementation, what, and how

Knowing if some form of GIS is already used in the lectures is key information for mapping
what GIS tool is considered usable by both teachers and students. Is the teachers satisfied the
current use of technology in their lectures? if not, how can it be improved. This will give an in-
dication about how well GIS have been implemented into the geography education. Studying
the current use of GIS will give an idea about the necessity of further implementation.
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• Ideas of GIS use

After discussing the current status of GIS in the classroom it is interesting to know the teachers
thoughts on implementing GIS. Under what topics in the geography course could the potential
of GIS be utilized, and how would they prefer GIS tool to work, as a teaching based tool or as
and exercise oriented tool for the students to interact with. Getting ideas and feedback from
the actual users is very important in any design or implementation process.

• Further work

Finally a question about the willingness to participate in a project to produce an alternative
GIS software for geography teaching. A project where they as teachers will function as advi-
sors and evaluators in the planning of the GIS software as well as during the production. The
project will end in an student workshop where they will use and evaluate the software. This
would require from the teachers some future meetings during the production process and at
the end some available time in their lectures for a student workshop.

4.1.6 Follow-up interviews

The follow-up interviews will consist of two more teacher interviews in addition to the initial
interview. The interviews are a part of the design and development process of a GIS application
where the teacher will be able to give feedback to the developer. The initial teacher interview
will most probably give a very general feedback about GIS, while the two follow-up interviews
will give the teacher a deeper look into GIS. The teachers will be given a brief introduction
in how a GIS application can be developed and the different components involved. Giving the
teachers a insight in what lies behind such application might give them a different perspective
on GIS and how it can be used. By combining the pedagogical background of the teachers into
the design and development process there is a greater chance that any implementation and use
of the software will be successful. In the follow-up interviews will the teachers be presented a
beta prototype of a lightweight GIS application, this application will be based on the feedback
and discussions from the initial interview.

4.1.7 Hypothesis

Based the findings and conclusions in the previous studies done in basically the same area of
research, there is a large chance that the teacher have not utilized GIS in their lectures, and the
reasons for that is most likely to be the following:

• lack of IT equipment

• insufficient time for implementing GIS

• lack of computer skills in both teachers and students

• complexity found in most GIS software

But apart from these challenges are teachers often found to be supportive of implementing new
technology into their teaching, and hopefully that will be the case in this project so that the
research can proceed as first planned.
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4.2 Results

Two teachers were interviewed simultaneously where one of the teachers was presented as the
current geography teacher, and the other as the previous teacher responsible for the same course.
The Initial interview was the first meeting and the goal was to establish information about the
teachers, the geography course and the use of GIS.

4.2.1 The Geography course

The course is held once a week as a double lecture going over two 45 minutes sessions. The
teacher has two different classes with about 30 students in each. The textbook used to teach the
geography course is Terra nova [14].

4.2.2 GIS experience

The teacher who is currently responsible for the course has earlier been on a GIS training seminar
with GIS where he among other teachers was presented a ESRI software ArcGIS Desktop appli-
cation. The course gave an introduction of how GIS desktop applications can be used to view,
analyze spatial data, create maps etc. Google earth was also mentioned as a well known GIS
application, together with a few lightweight web based GIS applications created to find driving
routes, and visualize the weather forecasts.

4.2.3 Use of GIS

When asked about the current use of GIS in lectures, the only answer was Google Earth. This free
desktop application by Google has been used as a introductory tool for the students in early part
of the course to get familiar with digital maps. Navigating through the map, locating different
locations, learning about longitude and altitude are some of the features that were presented to
the students. In this specific high school is every student granted their own portable notebook
computer by the schools administration.

The ArcGIS training course had not convinced the teacher to implement the GIS desktop
application into his lectures. One of the reasons why he was not convinced, were the fact that
it was a complicated software which requires special competence beyond what he had learned
during the introduction course. Taking the time to learn the software good enough to make full
use of it in his lectures would require much more work than it would bring as a contribution to
the students and the course. And even if he used the time to master the software at a desired
level it would take even more time and effort to install, introduce and educate the students with
this software, and more time would be spent on learning the actual user interface and locating
functions than on spatial analyzes.

4.2.4 General status

During the interview the geography course was discussed and both teachers had strong opinions
about the priority of the course. They both felt that the curriculum that was defined for the geo-
graphy course by The Norwegian Directorate for Education and Training [12], were to extensive
compared to the amount of hours granted during a year (56 hours). Even though the textbook
Terra Nova is specially created by the publishing house Aschehoug to cover the topics and sub-
jects that has been defined by the The Norwegian Directorate for Education and Training, the

15



Analysis and Design of Geographical Information Systems (GIS) in Geography Learning

teachers are not able to get through the different sections in the textbook as good as they would
prefer.

4.2.5 Implementation visions

When asked about the view on new technology in education did both teachers show a great
amount of interest, and they both felt that implementing new technology is very important. When
proposed to participate in a project with the implementation of GIS in one on their lectures the
response was very positive. The teacher currently responsible for the geography course agreed
to grant a lecture for a possible student workshop later in the process. When asked to list up
specifications that they considered to be important in a GIS application to use in the lectures the
following points were addressed.

• Student interaction

As one of the most important features in a GIS application is student interaction. Not only to
be used for visualization but also a hand-on experience for both teachers and students.

• Information source

The application should be an information source for teachers and students to explore data
and information.

• Related to the textbook

The application should be aimed and relevant to the curriculum and content of the Terra
Nova textbook.

• Software installation

Ideally the software should not require any installation on the schools IT equipment.

4.3 Discussion

By comparing the result from the initial teacher interview with other results found in similar
studies it is easy to see many parallels. First of all it is easy to see that the use of GIS by these
two teachers is not significant, which does not separate them from other teachers evaluated
in other studies. The reasons mentioned for not trying to implement more use of GIS in their
lectures could also be supported by other studies. Time and software complexity is here the
main barriers, and the two have a high correlation. The teacher currently responsible for the
course had previously been to a in-service teacher training program using desktop GIS software,
but this training program did not influence or motivate the teacher to implement the use of
the software into his lectures, the share complexity of the software was mentioned as the main
reason, finding the time to master the software by himself is one problem, the other is finding
time and to learn about 30 students simultaneously how to use the software without having to
cut down on the curriculum. Complexity his here again the main issue, together with the lack
of time to learn and educate, the reason for the teachers complexity problems could be several,
first of all the teachers overall computer skills could be one, but given that the teacher had been
through a training program with the specific software indicates that the reason lies elsewhere.
Secondly it could be in the software design, more functionality often tends to have a negative
effect on usability, having too many options and functions will be confusing, and learning how
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to use a heavyweight GIS application is time consuming. Third it could be that the teacher is
basically not interested and therefore blocks out the possibility implementing the software into
his lectures before even trying. Based on the feedback of both the teachers when suggesting to
involve them in a development process of a GIS software it is hard to claim that lack of interest
and commitment is the problem. Supported b previous mentioned studies it is easy to claim
say that implementing heavyweight GIS software into high school education programs is not
any good solution. In order to cope with this problem of complexity a solution could be for the
software vendors to create versions of their software where the complexity is reduced and the
software are aimed at a specific subject or topic. By reducing the complexity of the software the
time barrier would also be decreased, making the implementation process less time consuming
and more efficient.

In this study there will not be any attempt to use an existing GIS application for implementation,
instead the approach will be to develop a new GIS software specially designed for a specific topic
or subject from the curriculum. There are three reasons for specifying the application, one is the
fact that it will reduce the amount non relevant options and functions for the users, the second is
based on the feedback from the teachers, where they clearly stated that they often experienced
technological tools and other Internet resources to be to general, and with too much functionality
and information at the same place, which made it difficult to get hold of the actual information
you want, ending with the teachers stop using it. A third reason is that this project is on a time
schedule, and covering the whole geography curriculum would require much more time, so by
selecting a specific chapter in the course textbook to aim the application against would get the
development process going.

The textbook Terra Nova is written by Ole G Karlsen and Hans Solerød, the current version
was published in 2009 and it is written especially for the mandatory course geography in the
study preparation program in the high school level. The curriculum of the book emphasizes that
students should develop understanding of the interplay between nature and society at various
geographic levels. The geography course will contribute to the understanding of the major global
differences in the world when it comes to our nature, living conditions and society. The curri-
culum emphasizes that an important goal is to develop tolerance and global responsibility. The
textbook contains twelve different chapters covering the main subjects: Geographical resources
and tools, Climate and landscape, Resources and Business activities, Demographics and Develop-
ment. Since this project started January 2010 and the initial meeting was held at the beginning
of the second semester was almost 50 percent of the textbook curriculum already completed, the
course was half way through and the remaining chapters were: 7 Resources, 8 Localization, 9
Industrial structure and Settlement, 10 Population, 11 Moving, and 12 Development. In order to
find a suited field for the GIS application to be aimed at a chapter had to be selected. There were
four factors which influenced the choice of chapter:

17



Analysis and Design of Geographical Information Systems (GIS) in Geography Learning

• Time schedule

First of all there was a time schedule of the teacher. During the two semesters the teacher
needs to adapt the curriculum in order to get through everything that the curriculum covers.
Some chapters of the textbook used are more comprehensive than others and that have to
be considered when planning the lessons. The most important job for the teacher is to get
through the entire curriculum in decent time before end tests and possible oral exams. Doing
the workshop to close to the exams period could be affected by the fact that most students
are most likely to only focus on the exam and repetition of earlier chapters.

• Curriculum

The order of the chapter were said to not be so important by the teacher, but at the same
time is the order of the chapters in the textbook with most certainty not randomly placed.
Changing the order could affect the flow of the textbook as it was meant to be by the authors.
The chosen chapter should also contain material which can be utilized using GIS.

• Development process

Developing a GIS application could be time consuming depending on the size and severity of
the application. Evaluating how much time required programming, adapting and developing
of such application can be difficult.

• Available data

In order to develop a GIS application it i very important to provide data to use in, or by the
application. Acquiring relevant data from different sources and adapting it to be used in the
development of a GIS application, or to be used and analyzed by the application requires a
great amount of time.

Based on the different factors and their influence was the chapter 10 Population selected.
This chapter is placed third last in the textbook which would not place any student workshop
at the very end of the semester close to the exams. More precise is the chapter placed right
in the beginning of the second half of the spring semester. The content of the chapter is very
well suited for a possible GIS application as it focusing of demographics. The chapter consists
mostly of different values, numbers and amounts which are related to geographical locations,
this makes it ideally for visualization with digital maps. One of the things mentioned by the
teachers when discussing important factors in an GIS application, or any other application used
in education is that is should be highly related to the course textbook. The textbook is the primary
guideline and aid that the teachers have at their disposal when planning their courses, it covers
the curriculum for the course and with the limited amount of time available is it very important
that any technological tools or resources used by the teachers are closely aimed and related to the
content of the textbook. Looking closer at the chapters content shows that the data presented
and used is collected from the Norwegian bank of statistics (SSB), this makes this data bank
an excellent source for collecting additional data which can be used by a GIS application. The
example tables, numbers and graphs in the textbook are only small abstracts from the data
available at SSB, and by using data from SSB are two of the ideal requirements mentioned by
the teachers fulfilled.
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• Related to the textbook

The data used in the application would be a selection of the same data used in the textbook,
but in a larger scale. This will make the application highly related to the textbook. By using
data from sources which is also used in the textbook will the data be relevant, and the time
spent on the application will not be outside the curriculum.

• Information source

Making new but relevant data accessible through the application will turn it into an infor-
mation source. Examples in the textbook comparing two different populations together could
now easily be compared to a third population by accessing the application. A problem here
could be that a lot of data implemented in a GIS application would become redundant and
never used.

SSB is a statistics bank which only contains data about Norway, while chapter 10 in the textbook
also covers population data about other countries. Since this is a Norwegian school course is the
data about Norway very detailed while the data about other countries is not. But due to time
constraints in this project will there not be time to also include data covering the rest of the
world. The U.S. Census Bureau [15] is a database containing population data about the whole
world from 1950 to today. This database could also be used in the same way as SSB will be used
in the GIS application to cover the rest of chapter 10.

The chapter 10 is not all about reading numbers, graphs and statistics, it also introduces the stu-
dents to some mathematical formulas for calculating the natural growth ,death rate, migration
rates, population growth and other demographical calculations. These calculations are introdu-
ced in the very beginning of the chapter and they are widely used through the whole chapter and
therefore considered very important. In order to do these calculations some types of population
data is required: amount of born and dead people, and migrated and immigrated people. These
types of data should be implemented into the application in order for the students or teachers to
do any practical work with, or with the help of the application.

A third requirement mentioned in the interview was student interaction. This clearly indicates
that the teachers would like to have an interactive application for exercise solving rather than a
presentation tool for them self. Getting the students to interact with technology forces them to
make decisions and choices based on their own analysis, this is considered very important. The
student interaction is also closely related to the two previous topics about making the application
an information source and relevant for the textbook. The student interaction with this application
should therefore be about students learning about the topic of the chapter using technology,
rather that learning about the technology itself. The last requirements mentioned by the teachers
as important were more about technological challenges rather than pedagogical. Ideally the
software or application would not require any installation on the schools it equipment, this
would eliminate the use of any desktop GIS application, but it opens up for the use of a web
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based solution. On the other hand is the only GIS software ever used by the teachers in a lecture
Google Earth a desktop GIS application. But at the same time is the requirements listed labeled
as the ideal requirements, and ideally for the schools IT department should not the schools
computers contain too much software that requires space and resources. Another technological
challenge which has been mentioned in other studies is access to IT-equipment, but in this project
that barrier will not be an issue since all of the students are equipped with their own portable
notebook computer.

4.3.1 Application requirements

After reviewing and discussing the results from the teacher interviews the following 9 require-
ments for a GIS web application are set:

1. It should contain historical data about population, born, dead, emigration and immigration.
This is to ensure that the data used in the application will be as closely related to the curricu-
lum as possible, it also is the type of data required to do the most important demographical
calculations that the students will encounter in the selected chapter. By adding historical data
and not just current data will the changes through time also be an explorable features in the
application.

2. It should visualize data with the use of different map layers. GIS is basically a tool for visua-
lization of tabular information using different map layers, therefore is it important that the
data used can be related to geographical locations.

3. The map layers should be divided into counties and municipalities. Since the data used in the
application is only focusing on Norways population should the data be divided into compa-
rable parts. Instead of comparing countries the students will compare counties and munici-
palities.

4. It should visualize differences and variations between different map objects as well as dif-
ferent years. By using color variations, dot density or object sizes can the population diffe-
rences between different counties of municipalities be visualized.

5. The map should include features like zooming inn/out and panning. Basic navigation should
be added to the digital map in order for the users to locate and explore specific features or
objects on the map.

6. Navigation help as well as map description should be included. Complexity has proven to be
a challenge when making GIS application and therefore is user guides and help important
features of this application as well.

7. The map should have clickable features for data exploration. The teachers requested students
interaction with the application.

8. The application should be able to explore, compare and organize the selected data. Collecting
data is important but also being able to organize the selected data is should also be possible.

9. The application should give the users the ability to download or visualize the selected data.
For exercise solving it is important that students can access the data used in order to deliver

20



Analysis and Design of Geographical Information Systems (GIS) in Geography Learning

it to their teachers.

4.3.2 Summary

By doing this interview we hoped to establish how well GIS in implemented into the geography
course, and what could be done to increase the use of GIS. Based on the findings it is easy to see
that there is a time factor that limits the use of GIS, and other factors like, student interaction,
easy to use, platform independence and textbook relevance must be taken into consideration
when developing GIS applications for educational purposes in the geography course.
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5 Student study

5.1 Approach and Methods

In the first part of this project the use of GIS was established, many issues and challenges were
also discussed. Mapping the challenges and issues is only one part of the study, the other will
focus on how these challenges can be solved, and find out how these challenges can be avoided
in order to do an successful implementation of GIS. The challenges have been examined and
mapped and the next step is to import that knowledge into the real world, and use it in the best
possible way. As a follow-up from the previous study will this part focus on using the previously
discovered challenges to create a web GIS application, and implement it into the geography
course. The goal is to make the application fit the requirements in the best possible way, try to
avoid the known challenges and barriers. In order to implement a web GIS application into a
geography course there are many things to consider, some of them already determined. When
the technology and software choices is made the next step is the development process, and the
first step of the development process is to determine what type of features the application should
contain. The requirements set for the application were the following:

1. Related data

Should contain historical data about population, born, dead, emigration and immigration.

2. Map content

The map should contain map layers showing county and municipalities.

3. Layers

Visualize data with the use of different map layers

4. Visualize

Visualize differences and variations.

5. Navigation

The map should include features like zooming inn and out, and panning.

6. Help

Navigation help as well as map description should be included.

7. Clickable

The map should have clickable features for data exploration.

8. Organize

The application should be able to explore, compare and organize the selected data.

9. Download

The application should give the users the ability to download or visualize the selected data.
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5.1.1 Related data

The statistical data available at SSB comes in many shapes and sizes, the variation of different
data is enormous. Under the topic population are there over 500 different subtopics to select
from, and each of these subtopics contain statistical data about a certain situation or subject.
The different subjects also contain selectable features. By selecting the subject ”amount of born
people in Norway” the selectable features could be year, age, gender, county and municipality. For
this application the selected subjects are population, born people, dead people, emigrated people
and immigrated people. This means that the web page is divided into five different categories.
These five different categories represent the five most important in the chapter. It is with the data
from these categories that the students can compare, calculate and analyze differences, growth
and other demographic features found to be important by the textbook authors. Figure 2 is an
abstract of the population in the different counties. In Norway each county and municipality got
an unique ID, this ID is represented in the first column where as the rest of columns represent
the population for the different years. These database tables can be downloaded in different
formats, for this use it was downloaded in Microsoft Excel format, and imported into ArcMap as
a database file. Figure 3 shows how the database file from the shapefiles looks like, this contains
information about the shapefiles for the different polygons. This also contains the county ID and
this way can the SSB table be joined to the shapefiles table in order to access the population
data.

Figure 2: The SSB table

new esri.layers.ArcGISDynamicMapServiceLayer(

"http://x.x.x.x:xxxx/arcgis/rest/services/population/MapServer");

5.1.2 Map content

Each of the categories population, born people, dead people, emigrated people and immigrated
people are also divided in two separate parts, counties and municipalities. This means that the
application consists of a total of 10 different map services, 5 containing polygons representing
counties, and 5 containing polygons that represents municipalities. Other features like age and
gender could also be included in order to add more diverse data, but this was not done due
to time limitations. The spatial data used to create maps was downloaded from Norway Digital
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Figure 3: Shapefile dbf file

- the national geographical infrastructure. Norway digital is a initiative from the Norwegian
government to build the geographical infrastructure of Norway. They provide thematic data, web
map services, geoportals and other services. All the partners have access to download data from
Norway Digital. All the spatial data used in this project is downloaded by and through Gjøvik
University College who are currently a registered partner. The spatial data download were of the
format ESRI Shapefile. The spatial data downloaded is name and format N2000 which vector
data for use in scale 1:1 500 000 to 1:3 000 000. That type of data is suitable for the production
of thematic maps, interactive maps, web maps. This project will not require high map precision
as the map only consists of polygons representing counties and municipalities. Reducing the
precision of the map also increase the loading speed of the map service, this is important for
good performance.

5.1.3 Layers

The way the digital maps in this application i built up is with different map layers for each
year. Since this application is only in a testing stage a decision was made to cut down on the
available years. With the years ranging from 1952 to 2008 it was decided to skip every second
year, resulting in only the even years. This was done to keep the range from 1952 to 2008, and
at the same time reduce the amount of data required to implement. Even though there are one

Figure 4: Layers stacked
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layer for every year all the layers are using data from the same database table. The difference
between the layers is only the styling. Each layer is connected to one column in the database
table through the specific year.

5.1.4 Visualize

The different map layers for each year was as mentioned divided into different polygons repre-
senting a county or a municipality. Each of these polygons was again joined to the database file
which contained data collected from SSB. This meant that each polygon also contained data
about the population, born people, dead people, emigrated people and immigrated people for
that specific county or municipality. In order to visualize the different amount of people living in
each county the regular approach is to use color intensity for different values. Instead of color
intensities one can use graduated symbols in terms of size variations or dot density. Dot density is
not preferred since it is hard to connect any classification to a given amount of dots, it works pu-
rely for visualizations that is not required to be accurate. Using symbols or objects to visualize for
example population density can be an issue if the size of the object or symbol extends the boun-
daries of the map object it represents, so using color intensities to visualize quantities of data
is preferred in this project. Visualizing quantities of data using color intensities requires a color
palette and color classification. Choosing a color palette is simply done by choosing the color that
is best suited for the type of data it is representing. Given the categories population, born people,
dead people, emigrated people and immigrated people there are no specific colors that best des-
cribe them so the choice of color will be random, it is not the actual color that creates the density
differences in the map but the color intensities. ArcMap have some predefined color palettes that
is well suitable for this project. Using color intensities in map visualization also requires different
color classifications. Color classifications consist of two parameters, the number of classifications
and the type of classification. The number of classifications is suitable between 4 and 8, and in
this case 8 is preferred, this is because the variation between the largest and smallest value in
the SSB database table is so significant. What type of classification to use depends on the data
that is presented, if there is an even distribution of samples within the different classifications it
would be suitable to use equal intervals. But in this case the distribution is so uneven that it is
better to use quantitative intervals.

Figure 5: A map layer with color classification

26



Analysis and Design of Geographical Information Systems (GIS) in Geography Learning

5.1.5 Navigation

Navigation is very important features in a digital map, and as people are becoming more accus-
tomed to the use digital maps over the Internet, they have also experienced different types of
navigation settings. Default in the ArcGIS Javascript API map there are some navigation features
which are well known and also widespread in other leading GIS applications in the Internet like
Google maps, Bing maps and more. The default navigation settings are:

• Drag to pan

• SHIFT + click-centered focus

• Shift + Drag to zoom in

• SHIFT + CTRL + Drag to zoom out

• Mouse scroll forward zoom in

• Mouse scroll backward to zoom out

• Use the arrow keys to pan

• + Key to zoom in

• - Key to zoom out

• Double click-centered focus and zoom

In addition to the default keyboard and mouse button features is it also important to give the user
another option for panning, and that is clickable buttons on the map. Added in this application
in addition to the default is a zoom-in and zoom-out button in the upper left corner, and also
pan buttons are added to each side and corner. This gives the user two options for navigation
through the map, this is necessary because not all computer mouses are equipped with a vertical
scroll.

5.1.6 Help

Every application should contain some form of help function for the users to look up if there
are problems or if they need help. This application is no different, and the help consist of two
parts. One explaining the different default navigation functions listed above, and the other is the
legend, explaining what the different color classifications represent. Figure 6 shows an example
of how a legend description could look like, it gives the user important information about the
different values of the colors used in the digital map.

5.1.7 Clickable

One of the criteria that were listed as important in a GIS application in the teacher interviews
was student interaction. As known is the most common known interactive feature in digital maps
the navigation features, but in order to make a web GIS application more interactive, additional
features needs to be added. Until now the GIS applications function is to visualize differences
between different counties and municipalities with the help of color intensities. This visualization
does not make the web GIS application an interactive tool but rather a presentation tool. In order
to make the web GIS application more interactive and at the same time give the users access to
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Figure 6: Example legend

the different data it hold, was each polygon made clickable. This meant that the users could
select it by clicking on the desired county or municipality to get out information about it. If the
user selects the subpage Population for counties and selects the year 2000, the query sent to the
shapefile .dbf file would be to return county name, area and population for the year 2000. In
order to highlight the selected polygon the shape is extracted and a new polygon is drawn on
top of the selected with a gray inner color and a red outer line. In addition to the drawing of a
new selected polygon a query is also sent to the GIS server. This query contains some parameters
that describe what data to return to the user. These parameter are category, year and polygon id,
returned to the user is category, name, year, area and amount of persons.

Figure 7: Example Map selection

dojo.connect(map, "onClick", ShowLayers);

//Set the new symbol to highlight selected object.

new esri.symbol.SimpleFillSymbol(

esri.symbol.SimpleFillSymbol.STYLE_SOLID,

new esri.symbol.SimpleLineSymbol(

esri.symbol.SimpleLineSymbol.STYLE_SOLID,

new dojo.Color([255,0,0]), 0.5),
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new dojo.Color([125,125,125,0.5]));

5.1.8 Organize

In addition to the ability to return query results the web GIS application should also be able
to handle the information returned to the user. When a query is returned the information is
displayed until the user run a new query. This way there is no function to store the selected
information for the user other than writing it down. By adding a pick list that works in the same
way as shopping carts in e-commerce applications the user can store each query by adding it to
the list. The list consists of 6 different columns:

• Category

• Name

• Area

• Year

• Persons

• Remove

As a tool for the user to do adjustments to the order of the stored data, can each column be sorted
descending or ascending with the help of sort buttons. The way the data is stored it through
sessions using the server scripting language PHP. As an alternative cookies could be used, but
there are cases where users tend to turn off the ability to store cookies on their computers.

5.1.9 Download

In order for the users to make any use of the stored data, two download options are provided.
One exporting the table in Microsoft Excel format(xls), the other in text document format(txt).
This way can the user access the collected data for further exploration in other applications.
This is a very relevant factor when dealing with student exercises. As another download feature
can the users save the current map extent as an image on their computer. This can be an useful
function for students who wants to visualize parts of their answers in an exercise hand in.

5.1.10 GIS application

Figure 8 shows the structural layout of the web application. The layout is divided into 6 different
parts, all of them connected to each other.

1. Menu

The menu section consists of 6 different categories: home, population, born people, dead
people, emigrated people and immigrated people. All of these except home got two subcate-
gories each which are similar for all of them, the two subcategories determine if the map is
divided into counties or municipalities. By clicking on either of these categories the user is
not directed to another subpage but only the content of section 3 the map and the legend in
section 6 is changed.
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Figure 8: Screen shot of the web application
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2. Query result

The Query result section displays the information returned from the query done when the
user selects a map polygon. The Query result section is updated whenever the user clicks on
the map, or changes the map category. It also has a save to pick list button for the users to
temporarily save their selections in the pick list. The values displayed in from the query are
category, name, year, area, and persons.

3. Map

The map section is where the web map service is displayed. Which web map service to dis-
play is determined by the users choice of category and the layer displayed is determined by
the year selected. The map section is equipped with different navigation features explained
earlier.

4. Year list

The year list section consists of a list of years that the user can select from. Default the first
year in the list is selected. Which year is selected determine which layer to be displayed from
the web map service.

5. Pick list

The pick list section consists of an empty table where the users can add and store selected
data. The data selected can be sorted ascending or descending to any of the different values
category, name, year, area, and persons. The pick list also contain two features, download the
list as Microsoft Excel document or text document file button, and display the selected list as
a bar diagram button.

6. Help

The help section contain navigation tips and help and also the legend description showing
the different values of the graduated colors used in the various maps. The legend changes
according to the selected menu category.

5.1.11 Workshop

In order to evaluate the developed web GIS application and see if the methods to avoid the
challenges have been successful a student workshop is preferred method, this way will the users
that the application is directed to get hands on experience, and give valuable feedback. This
workshop is a two hour exercise lab where the students are given a set of exercises to complete.
The workshop would be the last session concerning chapter 10 of the textbook Terra Nova and
it would work as a summary before embarking on a new chapter. The exercise paper consists of
different tasks that cover all of the subsections of chapter 10, most of the tasks are selected from
the example exercises in the textbook, and three others were added to include the use of the web
GIS application. The three questions designed for the web GIS application were:

1. Compare population trends in the municipality Åsnes with the municipality Grue in the year
from 1960 1970 1980 1990 2000 2008. Find out if there is the natural growth or net migra-
tion that are the reasons for the population differences.

2. Calculate population growth, for the counties Hedmark and Rogaland in the years 1960, 1970
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Figure 9: Screen shot of the web page structure

1980 1990 and 2000. discuss possible reasons explaining the differences.

3. Compare the various counties number of births, deaths, emigrations and immigrations in
1952 with 2008, the county has the greatest and least increase. Illustrate.

The composition of the three questions will force the students to explore many of the features
implemented in the applications, as well as leaving them to do some choices and analysis. Hope-
fully will this workshop give some answers on how well the application have avoided the known
challenges as well as it will most certainly present new.

5.1.12 Student feedback

In order to get feedback from the students three methods were considered, individual interviews,
group interviews and a survey. In the teacher interviews time were mentioned as one of the
barriers in the geography course, both for implementation of GIS as well as getting through
the whole curriculum, this eliminates the possibility of doing single or group interviews with
the students. The two hours granted to the workshop would preferably be used to application
interaction and exercise solving, not performing interviews with 60 students. A survey would on
the other hand not take up so much time since all of the students can complete it simultaneously.
Since all of the students are equipped with their own notebook computer a web based survey
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over the Internet is a suitable and effective method.

The students survey is divided into five different categories.

• Background information

• GIS use

• GIS satisfaction

• GIS mastering

• Technology satisfaction

Background information

The group of students is all roughly at the exact same age, all of them live in the same area and
they are all at the same school level. This means that in order to classify the students in different
groups some more background information about each student must be mapped. This is to see
if there are any clear tendencies in any of the later survey questions. The first question is about
gender, to separate girls from boys, secondly is the students asked to rank their current courses.
The approach is a 5 scale rating using single select matrix of how they like the course, ranging
from very good - good - neutral - bad - very bad. This was basically to see where geography stand
compared to the other courses. Finally the students are asked about their regular computer use
per day, divided into four different situations: total use, school related, Games and Social Medias.
Single select matrix is also used and the alternatives are: Less than 1 hour - 1-3 hours - 3-6 hours
- 6-9 hours - 9-12 hours. This is to get an idea of how much the different students use their
computers, and to what use. All of this background information can later be used to see if there
are any correlations between for example students who like geography and students who like
GIS.

GIS use

The second part of the survey could be said to be a part of the previous part about the students
background. This is about the students use of web GIS applications. The students are presented
with 20 different GIS application found on the Internet, mainly Norwegian sites but also some
well known international. 12 of the applications are what we can call common GIS applications,
showing different thematic maps, weather forecasts and route planning features. The other 8 are
more specialized GIS applications which are not so commonly known. The question is how often
they use these applications, and the alternatives in a single select matrix are: Never - 1-5 times
per month - Once a week - 1-5 times a week - Once a day - Several times a day. This is to see if
the students use GIS regularly, and what types of services they use. Included in this part is three
open questions. Asking the students to write down what other GIS applications they use, which
one they like the best, and why. This is to measure the students experience with GIS which can
later be compared to how well they perform with the web GIS application.

GIS satisfaction

The third part is about the students satisfaction with the use of GIS in the workshop. The students
are presented with a set of statements in a single select matrix and they will use a 5 scale

33



Analysis and Design of Geographical Information Systems (GIS) in Geography Learning

agreement meeter ranging from: Strongly agree - Agree - Neutral - Disagree - Strongly disagree.
The statements are:

• The digital mapping service used rose my interest in geography.

• It increased my knowledge of geography Norway.

• It helped me to solve tasks in a good way.

• It increased my curiosity to learn more.

• It helped me understand how the electronic chart services can be used.

• It improved my computer skills.

• It motivated me to learn about and use new technologies.

The answers from this part will tell something about the overall satisfaction, each single state-
ment might not be as important as the average score from all the answers.

GIS mastering

The fourth part about GIS mastering is quite similar to the previous, it uses the same setup
with single select matrix and the same 5 scale agreement meter. The main change here is the
actual statements presented to the students, and the fact this part focuses more on the actual
application developed than the general use of GIS.

• I understood at once that you could click on the map.

• I had to take advantage of the navigation tips below the map.

• I quickly realized that the choice of year led to changes in the map.

• I think it was easy to navigate around the map.

• It was easy to extract the desired information from the map.

• The map made it easy to understand the relationship between counties and municipalities in
Norway

• It was easy to arrange the requested information in my list.

• I think that the use of maps was an informative and good method to obtain the desired
information.

In addition to these statements will there also be three open questions about the mastering of
the GIS application. The students may list what types of problems the encountered using the
application in the workshop. Also they can imply what types of changes that could be made to
improve the application as well as what features they were missing in the application. This may
give valuable feedback on what was wrong and what was good about the application.

Technology satisfaction

As the fifth and final part of the survey were the students asked about the use of technology.
Three new statements were presented:

• I think my teachers are good to using technological aids in their teaching.
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• It is often that my teachers make use of Internet resources in class.

• I consider it very important to adopt new technology in teaching.

The setup used in the three previous parts were also adopted in this final part. This answer was
added to see how the general satisfaction of the students are concerning their teachers use of
technology.

5.2 Result

In the student survey there were 51 participants. 51 may seem like an insufficient amount of
students when thinking on a national scale, but as long as those participants can be viewed as
a representative sample for the an average high school the results are can be valid. A tendency
that was spotted in the results from the survey was that some participant had a clear tendency
of selecting only neutral answers, this can be interpreted in several ways, either the students
shows that they are not interested in the topic of the survey, or they just want to get through it
a fast a possible. Either way it will affect the tables that is shown below since they are based on
the average score. Which means that the score variations are reduced due to the many neutral
answers.

5.2.1 Question 1, 2, 3, 4 background

Gender Course evaluation Computer use per day. In the open question where the participants

Type Percent
Men 57
Women 43

Table 1: Gender distribution

Course Mean
Norwegian 2,25
English 2,38
Science 2,38
History 2,88
Geography 2,50
Gym 2,00
Religion 3,38
Mathematics 3,25
Information technology 3,00
Physics 3,25
Chemistry 3,25
Bioligy 3,63
Law 3,13

Table 2: The participants course evaluation. Low score equals well liked, high score not liked(1-5).

were asked to list down their most frequently used Internet services the most mentioned were
social communities like facebook, nettby, twitter and various bloggs. Some norwegian news pa-
pers were also listed but not frequently.
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Type Mean
Total 2,86
School related 2,14
Games 1,39
Social medias 2,16

Table 3: 5 scale rating: 1. Less than 1 hour - 2. 1-3 hours - 3. 3-6 hours - 4. 6-9 hours - 5. 9-12 hours

5.2.2 GIS use. Question 5, 6, 7, 8, 9

The GIS use of the students was varying. Out of the first category of GIS application, the com-
monly known, were most of the application were used at least 1-5 times a month, the applications
that were used more frequently were a route planner application, weather forecast application
and a public transport overview application. Out of the more specialized GIS applications there
were only one of the applications there were only one that stood out from the rest, with 33
percent of the participants claimed to use it 1-5 times a month. Except from that there were no
other specialized applications that were used by the participants. In the open questions about
other GIS application that they used was Google Earth the only one mentioned. It was also listed
by the majority as the GIS application that they preferred to use. The reasons for that were that
it was easy to use, good performance, easy to get the information wanted and good overview.

5.2.3 GIS satisfaction. Question 10

In the seven statements about GIS satisfaction there were are large amount of neutral answers.
The neutral answers could be interpreted as the participant do not have an opinion about the
specific subject or that they do not care to state their mind and just wants to complete the survey
in a fast manner.

Statement Mean
The digital mapping service used rose my interest in geography. 2,90
It increased my knowledge of geography Norway. 2,80
It helped me to solve tasks in a good way. 2,67
It increased my curiosity to learn more. 3,04
It helped me understand how the electronic chart services can be used. 2,61
It improved my computer skills. 3,12
It motivated me to learn about and use new technologies. 3,12

Table 4: The mean scores given to the statements in question 10. < 3 equals satisfied, > 3 equals not
satisfied.

5.2.4 GIS mastering. Question 11, 12, 13, 14

In the open question about challenges and difficulties regarding the application only 15 percent
reported to encounter problems, where the main issues were slow response from the application.
In the second open question about what should have been done different only one participant
came with a suggestion.
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Statement Mean
I understood at once that you could click on the map. 1,78
I had to take advantage of the navigation tips below the map. 3,33
I quickly realized that the choice of year led to changes in the map. 3,00
I think it was easy to navigate around the map. 2,41
It was easy to extract the desired information from the map. 2,53
The map made it easy to understand the relationship between-
counties and municipalities in Norway 2,43
It was easy to arrange the requested information in my list. 2,71
I think that the use of maps was an informative and good method-
to obtain the desired information. 2,53

Table 5: The mean scores given to the statements in question 11. < 3 equals good mastering, > 3 equals
bad mastering, except from statement 11.2 which is reversed.

Statement Mean
I think my teachers are good to using technological aids in their teaching. 2,41
It is often that my teachers make use of Internet resources in class. 2,55
I consider it very important to adopt new technology in teaching. 1,90

Table 6: The mean scores given to the statements in question 15. < 3 equals satisfied, > 3 equals not
satisfied.

5.2.5 Technology satisfaction. Question 15

5.2.6 Correlations

As mentioned are the questions divided into 5 different categories, background, GIS use, GIS
satisfaction, GIS mastering and technology satisfaction. These categories were created in order
to analysis with each other, to look for correlations that might explain some of the tendencies in
the student feedback. First of all was a correlation matrix created, in the matrix the following
categories and answers were added: GIS use, GIS mastering, GIS satisfaction, technology satis-
faction, students who like geography, students who spend much time with the computer(total,
games, school related, social medias).Out of the correlation matrix the following correlations
appeared significant.

• GIS satisfaction - GIS mastering

• GIS use - Technology satisfaction

• GIS satisfaction - Technology satisfaction

• Students who seem to like the geography course - GIS mastering

• Students who spend much time on their computer doing school related work - Students who
seem to like the geography course

The following correlations were not significant.

• GIS use - GIS mastering

• GIS use - GIS satisfaction
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• GIS Mastering - Total computer use, School related, games, social.

• No significant differences between boys and girls.

5.3 Discussion

In the second part of the project the goal is not to measure how much better students perform
with the use of GIS technology in the geography class, but rather to look at a way to implement
GIS as a educational tool, and evaluate the student mastering and experience using the tool.
Until now the GIS application have been adapted and developed accordingly to the curriculum
of the course textbook, and to avoid most of the challenges that teachers, developers and geo-
graphers face when implementing new GIS technology. The feedback from the student workshop
consists of three different parts, the qualitative feedback from the open answers, the quantitative
feedback from the selection answers and the quantitative correlations.

5.3.1 Qualitative feedback

When the students were asked about what type of GIS application they preferred the majority
answered Google Earth. And the reasons they mentioned for why they preferred it was that it is
easy to use, good overview, fast, good details and interesting to use. All of these are factors that
all technology developers struggle to achieve when they design new software. Google Earth is
the only GIS application that the teacher have introduced to the students in the very beginning
of the geography course, which may explain why the students so strongly prefer Google Earth.
If this is the case it is safe to say that the teachers have a strong influence on the their students
when it comes to learning and liking technology, and it shows that bringing GIS technology into
lectures leaves an impression on the students.

When it comes to the problems mentioned by the students when using the GIS application the
most common problem was speed, this is a well known problem when it comes to web GIS ap-
plications i general, and the reasons can be many. Since the web GIS application consists of so
many components it is crucial that all of the components as well as the connection between the
components are working properly. In figure 8 shown earlier one can see the different compo-
nents, all of these and as the connection between them play a big role in the performance of
the web GIS application, so when the students experience speed and loading problems it can
result from traffic on the GIS server or the Internet capacity at their specific location. This is of
course something to note down as a new challenge when it comes to implementing web based
GIS technology. A web GIS application cannot be compared to a desktop GIS application that
does not rely on any on line GIS service when it comes to speed, but as it is with all technology
is the performance always improving. For the students who are used to regular dynamic web
pages that respond instantly will in some cases a GIS application seem slow due to more data
processing and redrawing of maps.

Another problem that was mentioned about the GIS application was the fact that for every time
the students changed year, added queried data to the list or sorted the list the extent of the map
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was reset to its default, which meant the students had to navigate again to the previous extent
every time they did major changes with the application. This happened because the buttons
worked as form submitting buttons which reloaded the page for each click, this problem could
be solved by storing the map extent in a session or a cookie for each time it was changed, or as
GET variables.

A third issue that was mentioned in the open questions was that there were no way for the
students to search for a specific county or municipality, but instead they had to navigate around
the map and locate it by clicking on different polygons to query out its specific name. A way this
could be solved is by query the polygon name whenever the mouse pointer is over the specific
polygon, a problem with this approach using the ArcGIS Javascript API was that for each time the
mouse is moved a new query is sent to the GIS server, which again would dramatically increase
the server traffic which affects the speed. Another solution could be to add a text box for the
users to input a specific name and then outline the specific polygon or to adjust the map extent
to the polygons position.

5.3.2 Quantitative feedback

The gender representation in this survey were quite similar, this makes the result more represen-
table for the average high school geography student. The students computer use only shows that
they spend quite amount of hours daily on the computer which is not so unnatural as they are
allowed to use their computers all day at school.

When it comes to the students current use of GIS application in the daily life the answers were
quite as expected, the overall use of GIS is small, but it seems that the students have used
or uses the majority of the common GIS applications presented. Out of the more specialized
GIS application the result were also as expected, the only application that ever been used was
actually mentioned in the textbook and by the teacher as information source. The main reason
for mapping the students use of GIS is to see if there are any correlation between their GIS
experience and their mastering of the GIS application created. It should also be added that the
questions of GIS use did not include the many web pages now have small implemented small
GIS applications in their interface, often used to illustrate addresses or events.

In questions 10 about the students satisfaction there is some indications that the majority of the
students had a positive experience using the GIS application, and especially the students felt that
the application helped them in solving the exercises in a good manner, and that it helped them
understand how GIS technology can be used.

Looking at the mastering of the GIS application there were a much clearer indication that the
majority of the students performed well. This could either be because of the students earlier
experience with computers, and/or GIS, or it could indicate that the application were intuitive
and easy to use, or perhaps both reasons played a role.
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About the students thoughts on the general use of technology at their school one would expect
that the students would require their teacher to use more technology in their lectures, but accor-
ding to these results are the majority of the students quite satisfied with their teacher, and their
use of technology, and finally the students feel that new technology in school is important, which
is a opinion they share with their teachers.

5.3.3 Significant correlations

Significant correlations between the quantitative student feedback.

• GIS satisfaction - GIS mastering

The students that seemed to be satisfied with the use of the GIS application also performed
well with the application, this comes out as a pretty obvious correlation, if you handle some-
thing well it is most likely that you like the product.

• GIS use - Technology satisfaction

The students that are the most frequently users of GIS applications also are the ones most
satisfied with the use of technology at their school. This is really supportive of the fact that
the teachers actually utilizes technology in their lectures since it would most likely be the
students that is most interested in technology that would also require more use of it.

• GIS satisfaction - Technology satisfaction

An obvious correlation is that students who are satisfied with the general use of technology
also is satisfied with the use of the GIS application.

• Students who seem to like the geography course - GIS mastering

This indicates that students that have an interest for the geography course also automatically
understood how to use GIS application, they could easily relate to the map and its functions.

• Students who spend much time on their computer doing school related work - Students who seem
to like the geography course

This correlation could be

5.3.4 No correlations

Not significant correlations between the quantitative student feedback.

• GIS use - GIS mastering

The students GIS use had no correlation to how well they performed with the GIS application,
this indicates that the GIS applications features and abilities were easily understandable and
manageable by the majority of the students, not just the ones who use GIS regularly. Probably
avoiding one of the key challenges mentioned in the earlier part of the project about GIS
applications complexity.

• GIS use - GIS satisfaction

Similar to the previous paragraph is not the students GIS use correlated to the GIS satisfac-
tion, it would be expected that the students who had the most GIS experience would also
appreciate the use of GIS in lectures, but that was not the case for these students.
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• GIS Mastering - Total computer use, School related, games, social

The students computer use had no effect on how well they mastered the GIS application,
this indicates that the GIS application was usable by both the students with much computer
experience as well as those with little experience.

• No significant differences between boys and girls

There were no significant differences between boys and girls in this survey.

5.3.5 General

In the initial research with the teacher interviews it was easy to sense that the teachers felt they
did not have enough time to implement new technology even though they saw the importance
of it, and wanted to increase their own use of technology in lectures. The students on the other
hand seemed to be satisfied with their teachers current use of technology, but at the same time
they are eager to use new technology.

5.3.6 Success evaluation

Based on the challenges mentioned in the early part of the project is it easy to see that most of
them have been successfully avoided.

• Time constrains

The web GIS application created did not require any time consuming training of either tea-
chers of students.

• Software complexity

Based on the quantitative measures of the students mastering of the software, and the repor-
ted problems, did not the application turn out to be to complex for the students. Neither fot
the students with little GIS use or who spend small amount of time on the computer.

• Implementation methods

No time consuming installation required in order to utilize the application. The application
is platform independent, and does not require any software except from an ordinary web
browser which is default on any operating system..

• Focus

The application is focused on teaching with GIS rather than about GIS. The students are pre-
sented with a digital map that can access information rather than presented with information
that can be used to create a digital map with heavy GIS desktop applications.

Avoiding challenges also means setting limitations, limitations that may have an negative in-
fluence of the further work. Even though this project have shown methods on how to avoid
challenges, it should also be noted that the GIS application created only covers a rather small
part of the textbooks curriculum, so there is a great amount of work required ahead in order to
do further implementations for the rest of the curriculum that is suited for GIS.

5.3.7 New challenges

As some challenges were avoided some new ones arrived.
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• Speed

Using web GIS applications can be a challenge since it relies on so many different components
to work properly. Web GIS applications are known to be quite slow, and taking the application
created here further into a larger scale could be risky when it comes to performance.

• Responsibility

It is not easy to determine who is responsible for implementing GIS technology into educa-
tion, but what we can say based on this project is that it is very important to include all of
the different parts of such project. The teacher, GIS developers and even the textbook authors
should all have some sort of communication in order to develop, implement and get fully use
of GIS technology in education.

So far it can seem like this project has been in some degree successful by looking at the results,
but there are things to consider other than the positive results. How well would these approaches
work in larger scales in real life is hard to say. The application has been successfully avoiding
some of the biggest challenges when implementing GIS technology into high school geography
courses, but at what cost? Even though this application were successfully implemented without
any major difficulties is it hard to state that this is clearly the only way to go when implementing
GIS. Financially it is not sure that creating new GIS technology is the best alternative since there
are so much GIS software out there already created, but given the challenges met when trying to
implement existing GIS technology, there has to be alternatives. From a pedagogical aspect the
technology should be adapted to the education, not vice versa.

5.4 Teacher post interview

After the students workshop the primary geography teacher was contacted to elaborate on his
thoughts on the process and the developed application. The first response from the teacher was
positive, he immediately questioned the possibility to use the application in the future with new
students. When asked he said that this was a typically example of a suitable application for use
in his lectures.

5.5 Further work

In order to take this work further it would require a larger scale, meaning that it should look
at it with a larger perspective. First of all try to evaluate what other parts of the geography
curriculum that can be used in similar ways with GIS, and then involve more personnel in the
form of geography teachers and GIS developers. The information and spatial data is available,
but it requires planning and work in order to utilize it in an educational context. The most
important to bring from this project into further work is the challenges, and the methods used
to avoid them. In a technological aspect would it be wise to convert to using Geo databases
instead of shapefiles, as the scale of the web GIS application increases and the use of spatial
data is getting greater. Geo databases is more suited for large scale projects and it is easier to
update. The implementation evaluation should be redone in order to get more results and more
participants to better support the findings.
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In this project only one chapter from the textbook were used, and in order for this approach to be
of any help it should also be able to support more parts of the textbook. Looking at the different
chapters and subjects of the textbook it is easy to see several usage areas for GIS, and many of
the quite similar to the approaches used in this project.

43





Analysis and Design of Geographical Information Systems (GIS) in Geography Learning

6 Conclusion

In this project the goal eventually was to locate what practical and technological challenges we
are facing when implementing GIS into geography courses in high schools, and further attempt
to learn from that experience and put it into a real case scenario. Based on the process of this
project it is safe to say that implementing GIS technology into geography education requires
many considerations. There are many challenges to overcome, software complexity and lack of
time are the two main challenges from the teachers point of view when implementing GIS in
their lectures. At the same time there are methods to avoid these challenges. If the technology
and the content is adapted specifically according to the curriculum there is a greater chance
that teachers and students will master and hopefully benefit from the GIS technology in their
education. Instead of adapting the curriculum to the technology GIS, developers should consider
adapting the technology to the curriculum. By creating customized application with a limited
level of difficulty and complexity, is it a greater chance that students with different technological
background will perform equally good.

45





Analysis and Design of Geographical Information Systems (GIS) in Geography Learning

Bibliography

[1] J. T. Coppock, D. W. R. 2001. The history of gis.

[2] S. Withman Bednarz, R. H. A. 1999. The status of gis technology in teacher preparation
programs.

[3] Doering, A. H. 2002. Gis in education: An examination of pedagogy.

[4] J. W. Meyer, J. Butterick, M. O. G. Z. 1999. Gis in the k-12 curriculum: A cautionary note.

[5] E. Bowman, R. Killian-Smith, S. B. 2005. Developing teacher capacity to implement gis in
the geography curriculum.

[6] B. Hunter, A. L. 2004. How gis professionals help school teachers and students use gis.

[7] D. Edelson, M. Brown, D. S. E. 2006. Designing gis software for education: Creating tools
to support student, teachers, and classrooms.

[8] Demirci, A. 2008. Evaluating the implementation and effectiveness of gis-based application
in secondary school geography lessons.

[9] Johansson, T. 2003. Gis in teacher education – facilitating gis applications in secondary
school geography.

[10] Environmental systems research institute. http://www.esri.com/.

[11] Arcgis resource center. http://resources.esri.com/gateway/index.cfm.

[12] The norwegian directorate for education and training. http://www.udir.no.

[13] Solør videregående skole. http://www.soloer.vgs.no. (School homepage).

[14] O. G. Karlsen, H. S. 2009. Terra Nova.

[15] U.s. census bureau. http://www.census.gov/ipc/www/idb/informationGateway.php.

47





Analysis and Design of Geographical Information Systems (GIS) in Geography Learning

A Appendix A

The electronic survey was created using QuestBack.
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B Appendix B

Following is the results from the survey in tables.
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