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Editor’s preface 

 

Students in a GIS project work course to support developing GIS 

learning and teaching material 

Muukkonen, P. 

 

This publication is a final report of MSc course “GEOG-G303 GIS Project Work” in the 

Master’s Programme in Geography, University of Helsinki. This is fourth final report 

from this annually taught project course. The aim of the GIS project work course is to 

plan, execute, and report real project tasks provided by research groups and teachers in 

the Department of Geosciences and Geography. In this way, GIS related project tasks in 

the course are more meaningful and they support the research and teaching in the 

department. In addition, during this kind of project work course, students learn 

simultaneously working life related skills such as group working, project management 

skills, communication skills, scheduling, and finally written and oral reporting skills.  

The previous courses in 2018–2020 handled more about small research tasks or 

data preparations (see Tyystjärvi & Muukkonen 2018, Kujala & Muukkonen 2019; 

Muukkonen 2020), but almost all project tasks in the year 2021 course were related on 

developing and panning learning and teaching material for GIS and map skills (see 

Chapters 1-5 in the publication). Outputs from the Chapters 1–5 can be implemented to 

the teaching in the department and few of those are even published already as open 

education material (see e.g. Muukkonen et al. 2021a; Muukkonen et al. 2021b, 

Muukkonen et al. 2021c and their outputs from the Chapter 1, Chapter 2, Chapter 3, 

respectively). In addition, one project task was a case study about more realistic travel 

time modelling and spatial accessibility in emergency driving in the Greater Helsinki 

Region (see Chapter 6).Chapters 1–5 handle for example guidelines and instructions 

for good map visualization, developing course material (practical exercises) for GIS 

courses in the Bachelor’s Programme in Geography. When preparing GIS related 

learning material for peers, students in the project work course have increased their own 

GIS skills, critical thinking, and even pedagogical acquirements. In addition, they have 

learnt new software. Unfortunately, we had this course in the middle of covid-19 

pandemic and in-site teaching restrictions. We had this course fully in remote teaching 

mode, which was challenging, but we managed quite well. 

The GIS project work course is supported by the Teachers’ Academy in the 

University of Helsinki. Teachers’ Academy supports the work and research of the 

course instructor Petteri Muukkonen. In addition, the project course and its project tasks 

https://helda.helsinki.fi/handle/10138/43
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are connected with the research project CRITICAL (https://educritical.fi/en/), which 

was funded by the Strategic Research Council (SRC) established within the Academy of 

Finland. One aim of the CRITICAL project is to improve children’s and adolescents’ 

critical geomedia (~GIS and maps) reading skills. Thus, skills to understand 

visualization guidelines to make visually good maps and to read those. Therefore, our 

aim in this GIS project course was to develop learning and teaching material that can be 

used also in the level of upper-secondary high school in addition to higher education. 

Higher education has been traditionally seen as a primary target of GIS (~geomedia) 

teaching and learning. But the base of GIS skills and critical understanding can be 

established already in the primary elementary school or even in the pre-school training 

(map reading skills can be started with treasure hunting plays or with maps in school 

yard) – but latest in the level of upper-secondary high school. In the Finnish 

matriculation examination, the geomedia skills (~GIS and map skills) are a core part of 

the matriculation exam in geography discipline. 

I would like to thank all students in the course and the co-teacher Tua Nylén for 

her valuable help. 
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Chapter 1 
 

Introduction videos for good map visualization 

Castagne, L. 1, Leung, W. Y. 2  & Timmer, C. 3 

 

1 lois.castagne@helsinki.fi 
2 wai.leung@helsinki.fi 
3 charlotta.timmer@helsinki.fi 

Abstract 

Cartography is an important stream in geography. It is widely used to 

communicate geographical information among different groups of people. In the 

study of cartography, map visualization is about the production and design 

process of map, which has substantial impacts on its interpretation and 

perception. However, learning materials for introductory map visualization are 

not common. Our project team works on creating a series of instruction videos 

that will be published openly and are of open access for geography bachelor 

students and for science education in other institutes. This paper is about the 

working process and discussion of this project. The outputs are published as open 

access educational material in the Library of Educational Resources 

(https://aoe.fi/#/materiaali/1870). 

Keywords: map visualization; instruction videos; cartography basics; geography 

Introduction 

Cartography is the science and art dealing with how information is presented on a map. 

Maps are an important part in geography because they enable us to model areas, 

characterize societies, and visualize phenomenon. With the use of maps, it is possible to 

highlight geographical data and make them more accessible for transmitting information 

or analyzing data. Therefore, to facilitate analysis of geographical data, it must be 

ensured that visualizing them on maps is possible. The basic and common rules of map 

visualization allow us to produce and perceive maps in a similar framework that is 

universally understood. Map visualization is thus the starting point for the study of 

geography.  

Objective 

Our project work’s objective was to create short introductory videos about the basics of 

https://helda.helsinki.fi/handle/10138/43
mailto:lois.castagne@helsinki.fi
mailto:wai.leung@helsinki.fi
mailto:charlotta.timmer@helsinki.fi


Castagne, L., Leung, W.Y. & Timmer, C. (2021). Introduction videos for good map visualization. In 

Muukkonen, P. (Ed.): Developing learning material and teaching ideas for GIS teaching, 3−8. 

Department of Geosciences and Geography C20. Helsinki: University of Helsinki, Faculty of Science. 

 

 

Department of Geosciences and Geography C20 https://helda.helsinki.fi/handle/10138/43  4 

map visualization. Using a video format as a learning material makes the delivery of 

information more interactive. With visual and audio aids, students are more likely to 

retain information better. In addition, the videos will be published openly and are of free 

access, so students can watch them at any time to learn new things or to review the 

concepts. Since it is also possible to pause and rewind the videos, students can adjust 

the pace of learning for understanding.   

   The content of the videos is based as much as possible on reliable 

sources from peer-reviewed literatures or other courses. The aim is to provide quality 

information to new students in the Bachelor of Geography programme and high school 

students. The videos can also be used in science education in Geopiste. The videos are 

not in specific order, so students can watch them according to their needs. Although 

map visualization is an extremely broad stream that includes a lot of information, we 

reached consensus of choosing the fundamental concepts to be covered in the videos. 

 

Workflow 

 

Our team had two face-to-face meetings in the beginning to establish an initial plan for 

our work and to discuss how we would approach the project assignment. We decided to 

create a PowerPoint slideshow for each video theme and screen-record the presentation 

with our voice-overs in English. The first step in creating the slideshows was to search 

for information and literature to use in our presentations. We agreed to make part of the 

example maps for the slideshows with both open-source software (QGIS) and 

proprietary software (ArcGIS). The workload was divided equally between each 

member, in which every member had a total of three videos to create and film. Each 

team member was solely responsible for the output and implementation of their videos, 

and could decide on how to execute the filming, editing, and script of the videos. We 

applied similar design template and visualizations in our presentation slides to make 

them a consistent video series and wrote an identical script for the voice-over for the 

first two slides and last slide of each video. We held several online meetings in the 

Microsoft Teams platform where we planned together our project and discussed our 

progress. We communicated more urgent matters related to the project work via 

https://helda.helsinki.fi/handle/10138/43
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WhatsApp. We also asked for feedback from our course leaders and instructors for our 

presentation slides and first drafts of our videos, so that we could make amendments. 

  

Outputs 

 

The output of our project work was a total of nine videos: five videos about some key 

concepts in map visualization and four videos presenting different thematic map types 

as example maps (Table 1) Both our video presentations and the voice-overs are in 

English. Based on our research, map elements, map projection, data classification and 

colors are features that seemed to be the most important aspects that affect the 

visualization of maps, which is why we decided to choose these themes to be covered in 

our videos. The topics of videos are as follow: 

  

• Basics of cartography and map visualization 

We wanted to include an introductory video about map visualization and 

cartography in general to briefly explain some of the key elements regarding 

map design and to introduce the basic concept of cartography. The video 

introduces for example the main functions of maps, the most common map 

types, and the design process of maps as well as different features affecting the 

decisions behind map visualization. 

 

• Map Elements 

Map elements are essential features of the map, and it is important to achieve 

visual hierarchy within the chosen elements to ensure that the map obtains its 

role as an effective visual communicator. The video about map elements briefly 

explains the meaning of different elements and gives guidance on which 

elements to include in your map. During the video, a map is visualized by 

adding different elements one at a time, while explaining and introducing these 

specific elements to the viewer. 

 

• Map Projection  

Map projection is one of the most important parts of map visualization. 

https://helda.helsinki.fi/handle/10138/43
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Understanding how the three-dimensional earth is converted to a two-

dimensional plane gives ideas on how maps are produced. The brief introduction 

of major projection types can illustrate how the final maps are affected by 

different ways the geographic features are projected. Moreover, it assists 

students in selecting the most suitable projection for different data types. 

 

• Data Classification   

Depending on the types of data and their distribution, the classification of data 

may differ. There are several methods and rules for classifying data to represent 

them on a map in the best way possible, and the objective is to represent the data 

simply without losing information. The type of data classification can 

completely change the interpretation of a map. If a dataset is classified in the 

wrong way, it can create interpretation errors, which is why it is important to 

learn to choose the appropriate classification methods for your maps.   

  

• Colors   

The use of colors is also a key feature in map visualization. Choosing the right 

colors does not only affect the aestethics of the map, but also the interpretation. 

Depending on the colors you choose, you can influence the public's perception, 

highlight certain atypical data, make the maps easier to read, and transmit 

information effectively. There are different types of rules for the use of colors. 

In order to create a clear and readable map, these rules shall be respected. 

Depending on the use of the map, the type of data, and the target audience, 

colors can be used in various ways. 

  

• Example Maps (Choropleth map, Dot map, Flow map and Cartogram)  

These are some of the most common thematic map types which can represent 

most data types. Introduction videos of these specific maps allow more concrete 

understanding of map visualization process. They can be reference for 

cartography beginners where they are provided the basics, characteristics and 

tips of visualizing maps. 

 

https://helda.helsinki.fi/handle/10138/43
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Table 1. Topic and duration of videos made for the project. 

 Title Duration 

Key features in map 
visualization 

Basics of cartography and map visualization 13:03  

Map elements 16:33  

Map projection 06:33 

Data classification 07:12  

Colors 05:37  

Example maps of  
thematic map types 

Example map: Choropleth map 09:32  

Example map: Dot map 02:51  

Example map: Cartogram 03:06  

Example map: Flow map 03:57 

 

Discussion 

 

During the project, we encountered a few challenges. At first, many questions emerged 

about the content covered. For example: How much information is to include in one 

video? How much text can be added in one slide? What are the maps we need? In 

addition, the actual filming of the videos was surprisingly time-consuming, and the 

team members had different approaches to filming and editing the videos: some of us 

used editing programmes and some of us did not, and we used different screen-

recording software. Some of us also had some issues with audio quality while recording 

the videos. Making the presentation slides and filming the videos seemed to be 

sometimes a “never ending project” and it felt like there was always something to be 

improved, whether it was a small detail on a map, the placement and amount of text in a 

PowerPoint slide, or the way to pronounce a sentence in the video voice-over itself. 

Fortunately, we were able to find solutions for all these problems through both 

online and off-line communication. We also tried out different map-making and 

recording software to solve the technical problems. Moreover, we have our group 

working skills such as distributing tasks, scheduling and remote communication 

improved. We gained more information and knowledge about multiple themes in map 

visualization during the video production process.  

https://helda.helsinki.fi/handle/10138/43
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There were some aspects we could have improved, for instance we could have 

made a stricter timetable so that we would not have to rush in the end. We could have 

communicated a bit more on our progress and design of each video to improve the 

consistence and uniformity of the outputs. Also, we could have set a more detailed plan 

on for example what specific type of maps are needed for each video, so that the 

workload would be distributed more evenly between each team member.  

The original plan was to insert subtitles to these videos, however, due to a 

relatively small team of us and heavy workload with limited time, it was decided that 

the subtitles would be an optional task. Future additions and changes would also include 

translating the videos into Finnish. Although the final outputs are in video format, 

access to the existing PowerPoint slides used in the videos is given so that they can be 

modified and utilized. This video series about instruction of map visualization can be 

always broadened so that new videos of other topics can be added in either English or 

Finnish language as well. The final outputs of our project work are well accomplished, 

and we hope that students will find these videos useful and helpful. 

The outputs are published as open access educational material in the Library of 

Educational Resources (see Muukkonen et al. 2021; or direct link 

https://aoe.fi/#/materiaali/1870). 
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Chapter 2 

 

Instruction cards for good map visualization: Learning material 

for higher education and for upper-secondary high school 

 

Korpelainen, T. 1, Miettinen, A. 2 & Pajukangas, H. 3 

1 taiga.korpelainen@helsinki.fi 
2 antti.j.miettinen@helsinki.fi 
3 hilkka.pajukangas@helsinki.fi 

 

Abstract 

For our GIS Project Work course, we created 13 instruction cards for map 

visualization. These cards are meant for bachelor level geography students, high 

school students and for Geopiste’s science education. Map visualization is an 

important skill for geographers as cartography is a big part of our studies. 

Therefore, it is crucial for us to understand the responsibility we have as 

cartographers to produce simple, objective and accessible maps. The cards 

include instructions for good basic mapping practices, map accessibility and 

different theme maps. The cards are open learning material and are shared with 

Geopiste with the Creative commons licence. They are provided in PDF format 

in the Library of Open Educational Resources (https://aoe.fi/#/materiaali/1787) 

with a CC-BY license and can be used digitally or printed out. In addition, the 

raw card materials are given to the university for potential further development. 

During the course, we learned more about map visualization and project working 

during a pandemic. We learned to distribute and plan our tasks, communicate 

remotely and other basic project work steps. The process of making the cards 

involved many steps and draft versions, which were edited based on the feedback 

we received. 

Keywords: map visualization; instruction cards; GIS teaching; geography 

teaching; higher education; learning material 

Introduction 

Map visualization is an important part of making maps, but it is not much taught in GIS 

courses. To help with the challenges geography students face, we produced 13 map 

visualization instruction cards about often looked for and used map visualization 
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themes. The main audience for the cards is the first-year geography students taking their 

first GIS courses as well as high school students doing GIS exercises while visiting the 

campus. The cards should also be useable as learning material for all new map makers. 

We wanted the cards to be simple, easy to use and interesting to read. 

Map visualization 

Reaching our goal of making simple, yet comprehensive instruction cards for students 

forced us to dive deep into the basics and find out what we didn’t know. Years of map 

making had ingrained many aspects of map visualization in our brains, but we quickly 

found out how unfamiliar we were with the theories behind our decisions. What is a 

map? What do we mean by visualization? And what do we mean by visualization when 

it comes specifically to maps? 

For cartographers visualization comes as a second nature, because each 

produced map, being a graphic representation of reality, is a visualized product in itself. 

Visualization in maps comes through both in mapping using visual variables to 

generalize, abstract and represent reality, and in map users perceiving maps through 

visual thinking. The cartographic visualization in general can also be seen from two 

different points of view: as a mental process for obtaining spatial information or as a 

tool for scientific research (Jiang, 1996).  

As our cards take a very practical approach to map visualization, we didn’t feel 

the need to delve too deep into the meaning of map visualization itself. Rather, we 

focused on necessary considerations of map making: basic elements, data classification, 

accessibility, different thematic maps and so on. Some themes were not touched due to 

time restrictions, for example web maps or cartographer’s responsibility to produce a 

map truthfully, without bias or harmful intentions. 

The importance of map visualization comes down to responsibility. A 

cartographer has a strong influence on how a map is perceived: things like used data or 

visual hierarchy can be used to give wrong impressions, even unintentionally.  

Responsibility includes making maps accessible for everyone through simplicity, 

considerate colour choices etc. Too complicated of a map loses its purpose and 
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information value. It is crucial for students to understand the power they possess when 

making maps, and learn how to make simple, objective and accessible maps. 

 

Open educational resources 

Open educational resources are materials that can be used for learning, that anyone can 

create, use, share and modify with as little restrictions as possible. The minimum 

requirement for open learning resource is that it can be used without cost, and the less 

technical and legal restrictions there are, the easier the material is to use. The material 

can be anything from individual learning resources to full courses and it is mostly 

shared online, usually with Creative commons licence (Hylén, n.d.). 

Open learning material has been produced by researchers, teachers, and internet 

users for years. In Finland, learning material has traditionally been produced by large 

publishers, but new efforts for producing and promoting open learning material have 

emerged. The Library of Open Educational Resources (www.aoe.fi) is an effort to make 

it easier to share and find open learning material in Finnish.  

The motivations for producing open learning material vary. The best-known 

example of open material is probably Wikipedia, which is an open online dictionary. 

The motivation for people to participate in writing to Wikipedia or participating in 

open-source software development has been researched for example by Oreg and Nov 

(2008), who divided the motivations of the makers into three categories: enhancing 

one’s reputation in the community, learning and developing one’s own knowledge and 

altruism. 

Open educational resources are useful in online- and distance learning, where 

the material needs to be distributed to the students online, which is often difficult or 

restricted with commercial material. In the current situation with the COVID pandemic, 

we hope this material will become even more useable.  

The instruction cards produced in this project are shared with Creative commons 

licence (CC-BY) as PDF format in the Library of Open Educational Resources (see 

Muukkonen et al. 2021; direct link: https://aoe.fi/#/materiaali/1787). One of our aims 

was to produce material that actually gets used in education, so it makes sense to share 

https://helda.helsinki.fi/handle/10138/43
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the products with as little restrictions as possible. It is possible to modify the cards if 

needed, which will hopefully increase their longevity as they can be modified. 

The project 

Categorizing information and figuring out which parts were necessary for each theme 

took their time and the cards ended up changing quite a lot from the beginning of the 

process to the final results. For such an extensive topic as map visualization, we needed 

to really simplify the gathered information and even trash some ideas completely for the 

sake of being able to focus on the ones we had and deemed necessary.  

Lot of the gathered information had to be edited and compressed to fit in. Visual 

cards had to convey the information with basically as little text as possible, and so the 

focus on maps and pictures took over. Creating fitting maps and choosing the most 

suitable pictures brought their own set of difficulties, some being the very same that 

these cards are meant to help with.  

In the process of writing and editing the cards we had to remember that the cards 

have to be able to act as usable instructions instead of just explaining about different 

aspects of map visualization. We needed to think very practically: what is the 

information that a map maker actually needs in the process of visualizing their maps? 

Towards the end of the project the visual looks of the cards became increasingly 

important, and they took more and more of our time when there were little left to 

change in the actual contents of the cards. Our cards went through several final edit 

rounds based on the feedback of our own team members and the course instructors. 

In the beginning of the course, we set a very flexible schedule with rough 

guidelines knowing that setting strict dates would only set us up for failure. The needed 

time for each step became evident as we went through our project, making progress feel 

disappointingly slow at times. It turned out that even with all the necessary gathered 

information, the biggest workload went to assembling the cards and making maps for 

them. The repeating editing process took time and at times left us wondering, are the 

cards finally ready? There is an eternity that could be spent on polishing the final 

results, but the line has to be, and had to be, drawn somewhere. 
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 Instruction cards 

Our final products are 13 visualization instruction cards. Six of the cards contain the 

basics of mapping: What is a Map and Map Elements contain the very basics of maps 

that every geographer should know, cards Projections and Data Classification are 

useful for general good mapping practices and cards Visual Hierarchy and Color 

Selection instruct on the proper visual representation of maps. Two of the cards Map 

Accessibility and Color Blind Friendly Maps are related to good accessibility which is 

not much taught in university classes. Five of the cards are for different theme maps: 

Choropleth Maps, Dot Maps, Contour Maps, Cartograms and Special Theme Maps. 

More specific explanations of the cards can be found in Table 1. 

Our cards are primarily single page cards except for one two-page card. All of 

the cards have either maps or images to support the text. We would have wanted to 

include good and bad examples of maps in the cards but there was so little space that we 

had to include mainly single good examples. Most of the cards have a good ratio of text, 

pictures and white space, each taking up a third of the card. We tried to make the cards 

as visually appealing as possible for them to be easy and interesting to read. They have 

to be engaging enough to reach their full potential as instruction cards. We used 

identical upper and lower banners throughout the cards. The upper banner includes the 

title of the cards and names of the authors, and the lower banner contains all the 

required logos.  

The cards are provided in pdf format and can be used digitally or printed out. 

The size of the cards is A4 which makes them easy to print. In addition to the cards, the 

raw card materials in .svg format are given to the university for potential further 

development. The cards can be used in upper-secondary high schools, bachelor lever 

GIS courses, and even for science education center for geosciences, Geopiste. They will 

be available also for students outside courses. The cards will most likely be useful for 

higher level students too. 
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Table 1. List of all 13 cards with short descriptions.  

 Cards Main idea 

 
 
 
 
 
Basics of 
cartography 

What is a Map Short introduction to what a map is and what’s its 
purpose. 

Map Elements Introduces the basic map elements, some of which 
are necessary for a good map to have. 

Projections How to choose a projection for different purposes 
and for different areas. 

Data Classification How to choose a correct way to classify data for 
theme maps. 

Visual Hierarchy 

  

What is visual hierarchy and how can you use it to 
make your maps better. 

Color Selection 

  

What are the basic principles when it comes to 
choosing colours for your map. 

 
Map 
accessibility 

Color Blind Friendly 
Maps 

  

How to make color blind friendly maps by adjusting 
color, lightness, saturation and texture. 

Map Accessibility 

  

How maps can be made accessible and when 
should it be done. 

 
 
 
 
 
 
Thematic 
maps 

Choropleth Maps 

  

Introduction to choropleth maps and when to use 
them depending on the data and the objective of 
the map. 

Dot Maps 

  

Introduction to different types of dot maps and 
when and how to use them depending on the data 
and the objective of the map. 

Contour Maps 

  

Introduction to different types of contour maps and 
when and how to use them depending on the data 
and the objective of the map. 

Cartograms 

  

Introduction to different types of cartograms and 
when to use them depending on the data and the 
objective of the map. 

Special Theme 
Maps 

  

Introduction to topological and combination maps 
and things to consider when making such maps. 

 

 

  

https://helda.helsinki.fi/handle/10138/43


Korpelainen, T., Miettinen, A. & Pajukangas, H. (2021). Instruction cards for good map visualization: 

Learning material for higher education and for upper-secondary high school. In Muukkonen, P. (Ed.): 

Developing learning material and teaching ideas for GIS teaching, 9−15. Department of Geosciences and 

Geography C20. Helsinki: University of Helsinki, Faculty of Science. 

 

 

 

Department of Geosciences and Geography C20 https://helda.helsinki.fi/handle/10138/43  15 

Conclusion 

In retrospect, there are many things we could have done differently. Distributing the 

workload more evenly and having stricter deadlines might have been sensible. Map 

visualization is such a vast topic that it was difficult to decide which themes to focus on. 

Perhaps we should have first worked on a few most important topics and gradually add 

more topics as we go. Some of the cards had lots of information packed into them and 

visually they were not the most readable cards. It was difficult to decide what 

information to include when all the text seemed equally important and useful.  

We learned a lot about visualization and project working during the course. We 

learned how to distribute and plan our tasks over a longer period, remote 

communication and basic project work steps, such as setting a goal, making a plan and a 

schedule. The process of making the cards involved many steps and draft version, which 

we edited based on the feedback we received. We learned a lot about good visualization 

practices and especially about the themes each of us worked on.  

We also learned to use Inkscape to make card layouts. Learning to use new 

software and designing layouts was a rather time-consuming process, but a skill that is 

certainly useful in the future.  
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Abstract 

Abundance of different open access GIS datasets and data providers can be 

confusing for first year bachelor level geography students. Finding the correct 

dataset can be difficult when you don’t know what and where to look for. Our 

aim is to create instruction cards guiding to download various open GIS datasets 

which can be used in the bachelor level GIS courses, in science education 

(Geopiste) and high schools. We produced introduction cards for eight different 

data providers from different fields of geography. Most instruction cards are for 

Finnish data providers and all data is open access. Instruction cards show step by 

step with pictures how these different data sources are used and what kind of data 

it’s possible to download from each site. All instruction cards were published 

openly and open access in Finnish and English in the Library of Educational 

Resources (https://aoe.fi/#/materiaali/1872). As students in the University of 

Helsinki, we believe that instruction cards like these would be great help for the 

first year and exchange students who don’t have knowledge about Finnish spatial 

open data providers yet. In the future, our work can be continued and more 

instruction cards for many more data providers can be created. 

Keywords: open data; open access; GIS data; GIS 

Introduction 

Nowadays there are several different open access GIS data sets and GIS data providers to 

use and explore. Major part of the recent GIS datasets are published openly and in top of 

that older datasets are published openly afterwards (Muukkonen, 2020). Different data 

providers provide different theme of data and finding the needed data and downloading 

it for your use can be tricky. The amount of possible data can be overwhelming if one has 

no or only little knowledge of these different data providers and data sets and when you 

https://helda.helsinki.fi/handle/10138/43
mailto:elli-nora.kaarto@helsinki.fi
mailto:pyry.m.lehtonen@helsinki.fi
mailto:victor.pilleri@helsinki.fi


Kaarto, E-N., Lehtonen, P. & Pilleri, V. (2021). Instruction cards guiding to download various Finnish 

open GIS data sets. In Muukkonen, P. (Ed.): Developing learning material and teaching ideas for GIS 

teaching, 16−22. Department of Geosciences and Geography C20. Helsinki: University of Helsinki, 

Faculty of Science. 

 

 

Department of Geosciences and Geography C20 https://helda.helsinki.fi/handle/10138/43  17 

don’t know about all the different possibilities to find and use GIS data. 

Open GIS data is key actor in the geographical analyses (Muukkonen, 2020) and 

finding and downloading the correct dataset is crucial step in the analyses process. Our 

task is to create instruction cards guiding to download various open GIS data sets used in 

the bachelor level GIS courses, in science education and high schools. Our aim is to show 

how to use these different data sources so it would be easier to use these websites in 

practice in education and in one’s own studies and analyses. We also believe that 

exchange students studying in Finland would benefit these instruction cards too since they 

might not be familiar with Finnish open GIS data providers. Cards can be used 

continuously as long as data providers don’t modify their downloading services. Our 

instruction cards will be published openly and open access to help everyone interested 

with the plethora of useful GIS data available.  

 

Producing instruction cards 

 

Our main materials for creating the instruction cards were Microsoft Power Point slides, 

images from the data sources websites and logos from University of Helsinki and 

Teacher’s academy. The materials were first collected and them arranged in a uniform 

way. Another source for material was Geoportti (http://www.geoportti.fi/) that has 

various open data sources collected together. Geoportti proved to be a great aid in 

searching for open data. We used Geoportti to explore different data sources from where 

downloading data is possible. Also, our previous knowledge about data used in courses 

at University of Helsinki was also needed. 

 The first task was to create a template for the instruction cards. The template is 

two A4 paper sheets, where the second page is the logo of University of Helsinki. A4 size 

was chosen because it allows that the instruction cards can be printed. The aim first was 

to create instructions that would fit into only the first page. We chose to use Power Point 

to create the cards because the files are easy to edit, share and publish. The font we chose 

to use is Century Gothic. The font is clear and easy to read. Font sizes in the instruction 

cards vary from 12 to 18. 

 To choose the data sources that were going to be in the instruction cards, we had 

to account for data that would cover both human and physical geography. This meant that 
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a wide array of different sources needed to be gone through. For this we used Geoportti 

and our knowledge about data that is used in courses at University of Helsinki. To cover 

aspects from both human and physical geography a total of eight different sources were 

chosen. As most of the data students use during their first years are from Finland, most 

of the data is also from Finnish data providers. Furthermore, one international data 

provider was chosen to show possibilities of data that is produced outside Finland. What 

connects these providers is the fact that all of the data is open access. In table 1 we 

describe the providers and tell the motivation why we have chosen a particular dataset for 

the instruction cards. 

 

Table 1. Summary of data providers used in the instruction cards.  

Name  Description  Motivation  

Eurostat  Provides statistical information to the 

institutions of the EU.  

Provides multiple datasets, can be 

used as data in courses at 

University of Helsinki.  

Geoportti  A service that provides information 

about geospatial data and various 

other services.  

   

A good summary of available 

geospatial data and tools 

for geocomputation.  

Geoserver  An open-source server for sharing 

geospatial data.  

Allows the students to download 

data from 

any Geoserver provider.  

Helsinki Region Infoshare  A web service for open data of 

Helsinki, Espoo, Vantaa 

and Kauniainen.  

Various datasets that can be used 

as data in courses.  

Natural resources institute 

Finland (Luke)  
   

Provides open data about biomasses 

and forest cover.  

A source that provides data about 

physical geography of Finland.  

National Land Survey of 

Finland  
Data about cadastral survey and 

background map series.  

Various datasets that can be used 

in visualizations.  

Paituli  A spatial data download service.  Multiple useful data sources such 

as Digiroad and Statistics 

Finland.  

Finnish Environment 

Institute (SYKE)  
Provides open environmental data.   A data source about the 

environment.  
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After the decision of what data sources are going to be used, we then started working on 

the snippets in the instruction cards. Our goal was to take snippets of the most important 

and descriptive parts of the workflow. The snippets are as instructive as possible. These 

pictures were then added to the cards and arranged in order of the workflow. The texts 

for guiding students are either above or on the side of the images. For the cards to be as 

instructive as possible some cards have two pages worth of information 

 

Results  

 

Results of our project work were total of 8 instruction cards for 8 data sources to guide 

downloading open data. Two of the cards are master files for the final cards. We made 

two instruction cards for each data source since cards were created both in English and 

Finnish. Each instruction card follows the similar pattern for students to be able to find 

and download the open data they need. Instruction cards start with the introduction of the 

data source and are followed by detailed instructions for downloading the data.   

 Each card aims to follow following structure: At the top of every instruction card 

(1), we included our names as creators and email for contacts. We also included 

University of Helsinki and Teacher’ Academy logos on the top corners of the card next 

to headline. At the introduction (2) we explain important notes about the specific data 

source for example what kind of data the specific data source provides and from which 

area, which data formats are available etc. After that we guide students to follow the link 

(3) to the data source’s website. It's followed by detailed instructions for downloading the 

data at the end (4). Each card has pictures to help students to follow the instructions and 

downloading steps (5). These guide students to choose correct data layer and map sheet 

or another area. It is also explained if downloading the data requires some additional tasks 

like giving the email address where download link is sent to. More detailed structure 

depends on the card since each data source and downloading service is different. 
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Figure 1: example of an instruction card for downloading data from Paituli. 
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Discussion  

 

The download process being relatively simple to understand, the main difficulty 

encountered was to define a common graphic charter for the maps that would be 

simple enough to fit all the download steps on one page (A4 format). These cards 

could have presented more information about the download procedure, especially 

regarding the images of the different windows to open, the tabs to follow or the check 

boxes. Indeed, these open data present multiple data formats and a large panel of data 

types. It is impossible to make a particular case for each data and the download 

procedure described in the cards are very general. That's why we opted for a 

maximum simplification of the procedure in only a few steps with screenshots. 

 But the first version of the maps only presented the download process but 

for the student, a part on the presentation of the open data in question and what kind 

of data was available was missing. These cards present the procedure very broadly 

and leave out many details which is normal because our goal is to make the student 

aware of these open data. Also, the part which presents the site according to a small 

summary and explains which type of data are available is essential insofar as it is a 

guide for the student who knows quickly if he will find the information in this open 

data or not. If these cards are developed for other open data, this part should remain 

synthetic in order to be able to quickly navigate with the different cards. 

 Finally, as students of University of Helsinki, we think that these cards 

can be of great help for the first year where the student can be lost in front of the set 

of data available. These cards are a simple framework to guide the student whether 

he is Finnish or an exchange student who does not necessarily know the open data 

commonly used in Finland.  For the future, we think that this work can be completed 

by other students in order to cover more open data to enlarge the panel of available 

data. The list of open data available on Geoportti presents many other possibilities 

and it could be interesting to develop download maps for open data of other Finnish 

cities, international open data or international spatial data. The knowledge of these 

multiple download possibilities allows the student a better adaptation capacity, 
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facilitates the research and through the maps, a quick download. We think that the 

structure should be kept as it contains the essential information in a compact format. 

  

Conclusion  

 

Finnish students and exchange students can now get acquainted with Finnish open 

data more easily with the 8 cards produced in two languages describing a synthetic 

open data process and a simple download process not exceeding 4 steps.  The main 

difficulty of this work is the need to enter a large amount of information in a compact 

format, but a common graphic charter has helped to solve this problem. In the future 

it would be interesting to continue this work by other students to cover more open 

data and eventually to propose other types of cards. 

 The present instructions cards were published openly and open access in 

Finnish and English in the Library of Educational Resources (see Muukkonen et al. 

2021; or direct link https://aoe.fi/#/materiaali/1872). 
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Abstract 

In this paper we showcase our results and workflow when creating practicals for 

an introductory geoinformatics course. We planned and carried out seven 

practicals based on our knowledge and experiences as former bachelor students. 

Our main objective was to develop clear and versatile assignments that would 

also give the students a chance to critical and analytical thinking. Online mapping 

and open-source software have evolved significantly in recent years, and we 

wanted to showcase this development to the students who are taking the course. 

Over the seven weeks of the course the students will learn basic skills, terms and 

concepts that are that are needed when working with geospatial data. The 

practicals consist of hands-on assignments and written answers that require 

information retrieving. Overall, we believe that the course gives the students a 

solid foundation in GIS and hopefully some curiosity to deepen their knowledge 

in geoinformatics. 

Keywords: geoinformatics; GIS; higher education; education; teaching 

Introduction 

Geographic information systems (GIS) play a crucial role in connecting different 

disciplines and in exploiting digital development. Basic GIS tasks and the science 

behind different spatial problems are an important part of developing skills in 

geoinformatics. There are also many different opportunities in the future for developing 

GIS-technologies even further. The openness of data and software is creating 

possibilities for more people to utilise and develop GIS. As technology evolves, 

regarding for example different satellites collecting data and location information 

acquiring devices, the amount of data available attracts more users. (Bearman, Jones, 
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André, Cachinho & DeMers, 2016). It is important that people are educated in the 

utilisation of GIS as it can be a useful tool in many different fields. The development of 

GIS is further accelerated when new software and tools emerge. 

Our task was to update and create exercises for an introductory geoinformatics 

course. This means that there are no prerequisites or any specific skill requirements to 

complete the course. Student that participates this course will learn all the necessary 

skills through hands-on practical exercises with detailed instructions. However, the 

students are also encouraged to practice their information retrieval skills. This is a 

necessary skill that we, as students, have found to be pivotal throughout our studies. We 

have taken into account that the quality of information available varies greatly and 

therefore we have done our best to guide students towards trustworthy sources in the 

exercise instructions.  

As the course is executed as a mass course, it has been an important factor that 

the exercises can be done even with large number of participants. This resulted in us 

using platforms that can be accessed easily and with necessary functions.  

Planning and writing of practical instructions 

Our group worked on planning and writing together so that work was divided evenly 

between group members. The execution of making the instructions could be divided as 

follows: firstly, into planning which was made together; secondly, creating the 

instructions which was mostly individual work; lastly peer reviewing and finalizing 

structural and visual aspects which happened working together.  

Throughout the project work, our group met once or twice per week. This was 

an important part of our working method since one of our priorities was to create 

coherent and versatile content. By exchanging ideas and thoughts about the exercise 

instructions on a weekly basis, we were able to progress according to our schedule and 

to get some ideas and tips from other group members.  

We had the previously used practical instructions available and they were useful 

when creating the idea of how the practical instructions should be formed. Also, the 

already existing lecture material was a key element in structuring the topics and themes 

of the practicals.  
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Objectives for practical instructions 

Our main goals were to update, refine and develop the existing practicals to be up to 

date in terms of contents, available platforms and the features they contain. We wished 

to plan the practicals especially from the perspective of the students for whom the 

course is planned for. As former bachelor students ourselves we felt like we could offer 

valuable insight into the planning process. Our goal was to develop practicals that were 

not only clear and versatile, but which would also give the students a chance to critical 

and analytical thinking. The question setup would have to be clear and consistent so that 

no unnecessary time would be wasted in understanding the practical instructions. 

One of our main priorities was to make sure that the platforms used in the 

practicals were up to date and accessible to all students. Online mapping and other 

online spatial interfaces are developing rapidly, and there was a clear need to explore 

the features and potential of the current world of online spatial platforms. We decided to 

introduce the students to a wide variety of platforms and geoportals, focusing on the 

ones that are based in Finland. Using the large variety of datasets in these spatial 

platforms we were able to create practicals with themes related to, for example, physical 

geography, human geography and city planning. 

When approaching this project, we considered the skills that are needed in the 

following geoinformatics courses and studies. The use of desktop GIS programs and 

queries are both fundamental skills in the following GIS courses, so we decided 

tointroduce the very basics of QGIS and SQL queries to the students. We wanted this 

course to give the students a solid foundation for the basic elements of GIS and also to 

serve as a steppingstone for other more challenging GIS courses. Throughout the 

planning process we reflected on the level of difficulty of the practicals and made sure 

that the workload is appropriate compared to the course’s credit amount.  

Topics of practical exercises 

Course's duration is seven weeks, and each week has a lecture and a corresponding 

practical exercise. Students will complete these practical exercises independently and 

write a short report of the results which are then peer reviewed by other students. 
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Practical exercises are designed in such manner that the students can execute them 

independently but at the same time exercises would remain engaging and offer 

opportunities for further contemplation. Practical exercises will take approximately four 

hours to complete, however, there is variation between weeks, first practical exercises 

demanding less time and becoming more challenging towards the end of the course. 

Majority of the practical exercises listed below use online open access services 

(Table 1). We found some of the learning objectives to be quite difficult to obtain using 

only online services, and therefore we included QGIS for two practical exercises.  
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Table 1. Main objectives and platforms used for each practical exercise. 

Week Main objectives Websites/platforms/software used 

1 Introduction to GIS, 

Use of basic measuring tools, 

Use of different platforms 

Paikkatietoikkuna.fi 

Helsinki Map Service 

2 History and development of GIS, 

Observation and visual 

representation of changes in study 

area  

Helsinki Map Service 

Vanhatkartat.fi 

Karttapaikka.fi 

Retkikartta.fi 

3 Identifying differences between 

raster and vector data 

Helsinki Map Service 

Maankamara.fi 

4 Working with spreadsheets, 

basics of SQL queries 

Excel (or other available spreadsheet 

software) 

Sqlzoo.net 

5 Filtering data, 

Buffers, 

Intersection overlay analysis, 

Visual representation of results 

QGIS 

6 Basic understanding of projections 

and coordinate reference systems,  

Differences between coordinate 

reference systems and projection 

Kartograph.org 

Projections.mgis.psu.edu 

map-projections.net 

Retkikartta.fi 

Karttapaikka.fi 

Thetruesizeof.com (optional) 

7 Project planning and structure, 

Digitizing points, lines and polygons 

from satellite/aerial photographs, 

Evaluating usability of used services, 

Evaluating end results 

Google My Maps 

MapHub 

Humanitarian OpenStreetMap 

QGIS 
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Week 1 

The course starts with a general introduction to geographic information systems. First 

week’s practical introduces students to Paikkatietoikkuna, Finland’s national geoportal 

presenting spatial data. The aim is to get familiar with the use of Paikkatietoikkuna and 

use some of the basic measuring tools found in almost all online map services.  

During the first practical students will also get to play with the latest GIS 

applications such as 3D models and triangular network models. Students will use these 

3D models to examine the city of Helsinki and its building stock to find buildings of 

different ages in Helsinki (Figure 1). This information is further used to compare 

buildings energy consumption.  

 

Figure 1. During the first week the students got to explore the different 3D-models from 

Helsinki region. Here is a screenshot of the solar panel potential data. 

Week 2 

Second week focuses on the development and history of geographic information 

systems. This week’s practical demonstrates the progression in map making in Finland 

through the usage of National Land Survey’s online inventory of old maps and an 

online map service containing old maps. The focus is to examine the development of 
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cartographic techniques as well as the examination of the study areas. Students will 

learn the usage of map series in analysing changes in study area and presenting their 

observations. 

In addition to the examination of historical maps, the practical will lead students 

to the analysis of geomorphology using slope shading. This will also lead students 

towards next week’s theme. 

Week 3 

Third week introduces students to the differences and characteristics of raster and vector 

data. First exercise of this week’s practical continues the theme of examining physical 

geography of Finland. For this exercise students use Geological Survey of Finland’s 

web service to observe ancient shorelines, soil types and groundwater patterns in 

Finland. 

For introducing students to raster data, students will use already familiar map 

service of city of Helsinki to find raster data and find spatial resolutions of said raster 

data. In addition to regular aerial and satellite imagery, students will also be asked to 

view colour-infrared images (Figure 2) and to contemplate possible purposes for these 

types of images with the help of supplementary article by USGS (United States 

Geological Survey). 

Week 4 

The objective of week four practical exercises is to give students sufficient knowledge 

of attribute data and introduce some helpful tools for managing data. The knowledge 

gained this week will develop beneficial support skills that are useful when working 

with spatial data. Students will learn to clean data and calculate basic statistics using 

spreadsheets. Besides spreadsheets, students will get acquainted with the very basic 

SQL queries. This is practiced by building queries in a SQL tutorial website with 

specific practise exercises. 
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Figure 2. False colour composite image from Herttoniemi and Laajalahti area (Helsinki map service 

2020).   

Week 5 

Fifth week’s practical exercise focuses on basic analysis for vector data. In this exercise 

students will use QGIS software since we found open access online GIS analysis tools 

to be quite sparse. This week students will also get more familiar with the structure of a 

complete GIS analysis process and get to use the skills acquired earlier in the course. 

Students will complete an analysis on traffic safety survey responses gathered in 

Helsinki in 2020. The aim of the analysis is to examine reported traffic accidents which 

have taken place nearby major roads. Students will need to filter the input data, create 

buffer zones for major roads and use intersection overlay analysis to determine which 

survey responses fall inside the buffer zones. Visualization of results is also practised 

but the main emphasis is on working with overlay analysis and data. 

Week 6 

Sixth week’s theme covers coordinate reference systems and projections. Students will 

compare different projections visually with interactive website and detect distortions 
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and differences between projections. As with coordinate reference systems, students 

will compare different systems by reporting given locations coordinates in at least three 

different coordinate systems. Students will begin to get a grasp of what different types 

of coordinates look like and how to find location data in different services. 

Week 7 

Last week’s exercise delves into the production of geographical information. Students 

will get to produce data by digitizing aerial or satellite imagery. In this exercise students 

are asked to formulate suitable purpose of use for their project, define the objects they 

will be digitizing and execute digitization in two different services. Students also have 

the option to try Humanitarian OpenStreetMap and contribute real life mapping projects 

(Figure 3). By using two services students can compare differences in technical 

execution and in the usability of different services. 

 

Figure 3. In week 7 students have an option to contribute to Humanitarian OpenStreetMap projects. 

Screenshot from Humanitarian OpenStreetMap’s Tasking Manager.  
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Layout and structure of practical instructions 

Clear and uniform practical instructions make it possible for the students to focus on the 

content and themes of the practicals. Reaching the learning goals of each week becomes 

easier when the instructions provided are visually pleasing and reasonable in terms of 

their content. We wanted to enhance and change the layout of the previous practicals to 

reach these goals better.  

We added a brief description and a suitable banner image (Figure 4) to the 

beginning of each week’s practical. Some tasks have short revisions in the beginning to 

make it easier for the students to recall certain themes. We made sure that each 

assignment was easily distinguishable from each other, and the required answers were 

accentuated clearly in the document. We ended up using highlighted text to make sure 

that the required answers were easy to notice.  

 

Figure 4. The students got familiar with vector and raster models during the third week. We used a 

suitable banner image for each week’s practical. 
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Summary 

When completed, the course gives its attendees basic skills that are required when 

working with geospatial data. The students have learned the necessary terms and 

concepts that are needed in GIS. They have also created understanding of the 

possibilities of the usage of GIS and can reflect how it can be used in their daily life or 

in the study of current societal problems. After the course we hope that the participants 

have acquired interest in the topic and will further their knowledge by attending more 

GIS courses that will expand their understanding. The following courses could cover 

topics of, for example, how to use GIS software (e.g. QGIS, ArcGIS) or some more 

specific GIS related theory. Overall, we hope that this course inspires the students to 

dive even deeper into the world of GIS! 
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Introduction 

In addition to theoretical learning, practical exercises are a central part of GIS 

education. Practical exercises familiarise students with the software and data used in the 

GIS field, and practical work can also help students better understand and internalise 

previously learned theoretical concepts. 

In the Bachelor’s Programme in Geography in the University of Helsinki, a GIS 

course using ArcGIS Pro and ArcGIS Online is a mandatory GIS methods course in the 

degree programme (the Finnish name of the course is MAA-221 Geoinformatiikan 

menetelmät 2). The BSc level GIS curriculum of the degree programme consists of an 

introductory course and two method courses, the latter of which is this course. All of 

these course are equivalent of 5 ECTS. The main learning goals of the first two courses 

are to familiarise students with geoinformatics as a field of study and an analysis tool, 

and to familiarise students to services, software, and data used in geoinformatics. The 

main goal of this third course is to familiarise students with common GIS analyses and 

to enable students to independently learn more and to apply the learned analyses in 

practice. After this course, students should have the necessary skills to be able to take 

on further optional, and more specialised GIS courses. 

GIS teaching in the Department of Geosciences and Geography, University of 

Helsinki, uses both open and proprietary software and data. Open GIS is often a great 

choice in teaching applications since openly available software and data reduces barriers 
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of entry such as costs and licensing needs. However, in professional and business 

applications Esri’s proprietary ArcGIS software suite is widely used because proprietary 

software can offer benefits, such as robustness, stability, and readily available support. 

This means that in order to prepare students for working life, it makes sense to 

familiarise them not only to general concepts in GIS and to open GIS software, but also 

to commonly used proprietary approaches. In this course, Esri’s ArcGIS Pro is used for 

practical exercises to familiarise students to the user interface, vocabulary, and 

conventions used in the ArcGIS environment. 

Objectives and implementation 

 

Our task was to change over the course practicals for the GIS method course MAA-221 

Geoinformatiikan menetelmät 2, which have previously been done with older ArcMap 

and occasionally also QGIS, to using ArcGIS Pro and ArcGIS Online. Rather than 

directly translating the older exercises directly to a new software we also wanted to 

improve the practicals. In our first meeting, we created a list of goals for this 

assignment, and they are listed below:  

(1) Practicals are meaningful and motivating 

(2) The exercise instructions are concise 

(3) Students feel that they can apply the skills they’ve learned 

(4) Different geographic fields are included in the exercises 

(5) Different starting levels of students are acknowledged 

(6) Other ArcGIS suite parts like Storymaps are used for instructions and reporting 

(7) Each week’s exercise contains a bonus exercise 

(8) Clear evaluation criteria for course teachers 

(9) Students are encouraged to use course literature when writing the reports of 

practicals 

In addition to creating great practicals, our other task was to practice project working. 

The well-being of the team, making a clear schedule (and sticking to it), sharing ideas 
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and communicating openly were some of our goals for the project work. We held 

weekly meetings on Microsoft Teams and started the project with a refreshment day. 

Each one of us contributed by working with one or two practicals. Practicals 

were developed independently but also discussed in our weekly Teams meetings.  First, 

we presented our sketches and ideas and made initial practical structures. After the first 

versions of practicals were ready, they were peer-reviewed and modified based on the 

feedback from the reviewer.  

Previous course materials concentrated mainly on physical geography and the 

Kevo area in the Finnish Lapland. We wanted to also bring something else to the course 

and include other geographic fields in the exercises such as urban themes instead of 

concentrating only on physical geography. Three of the seven practicals concentrated on 

the Kevo area and one practical on a larger area in Northern Lapland. In a few practicals 

the Helsinki area was used.  

We think that these changes made the practicals more interesting and more 

applicable to students from different fields than before. We also spent time analysing 

thoroughly what the exercise instructions should contain and how the instructions are 

presented. This was based on our own experiences and knowledge from other GIS 

courses. Peer reviewing had an important role in polishing the instructions and making 

sure they were well suited to their purpose. Overall goals 1 – 5 were met pretty well.   

At first, we were thinking about presenting instructions in the form of an Esri 

Storymap, but we gave that idea up. PDF and Word files are more practical to use from 

both teachers’ and students’ perspectives since they can be easily updated, and students 

can download them onto their computers. For reporting, students are still able and 

encouraged to use Storymaps. 

Bonus exercises were not added to all of the practicals. For weeks 5 and 6 it’s 

still up to the course teacher to decide whether one of the exercises is mandatory or 

extra. Course evaluation criteria nor introductory demonstrations were not created 

during this project since they could not fit into the project schedule and workload. 

However, each practical had a few questions that students are supposed to answer in 

their reports. These questions also prompt students to seek more information related to 

the topics from the course literature.  

https://helda.helsinki.fi/handle/10138/43


Halme, O., Moisala, M., Saarimaa, S., Sarjakoski, S. & Ylinen, K. (2021). Developing practical exercises 

for a GIS course using ArcMap Pro and ArcGIS Online. In Muukkonen, P. (Ed.): Developing learning 

material and teaching ideas for GIS teaching, 34−41. Department of Geosciences and Geography C20. 

Helsinki: University of Helsinki, Faculty of Science. 

 

 

Department of Geosciences and Geography C20 https://helda.helsinki.fi/handle/10138/43  37 

Project results: exercises created 

 

In this chapter we take a closer look at the practicals created in this project. We present 

the materials and analyses used in practicals as well as the outputs the students will 

produce. The course exercises are planned on weekly basis (see Figure 1). 

 

 
Figure 1. Timeline of the course’s exercises and the analyses and themes covered in them. As the course 

progresses, each week’s exercise attempts to teach students something new, as well as reinforce and build 

on the previously learned. In the last week’s exercise, students are encouraged to independently combine 

and apply the skills learned throughout the course.  
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Week 1: Overlay & Buffer 

During the first week the students recall basic methods in geoinformatics from previous 

GIS courses and familiarize themselves with ArcGIS Pro. The data used in this practical 

are the land cover dataset Helsingin seudun maanpeiteaineisto 2020 (HSY), 

Kaupunginosat (HSY) and two digitized polylines for Lahdenväylä and Vihdintie in 

Helsinki (Created using data from HSY as an example). 

The central analyses in the first week’s practical are buffer, clip and intersect 

which are core analyses in geoinformatics. These analyses are used to examine the land 

use in pre-specified areas near the Kumpula campus in Helsinki. Other tools used in this 

practical are Select by Attributes and Dissolve Boundaries to enable easier analysis and 

Add Geometry to calculate areas for the target layers. The students also practice their 

map visualization skills and produce two maps of the analysed areas in which 

Symbology window and Layout is necessary.  

To visualize the analysis output in non-map-format the students use Excel to 

create two different kinds of diagrams (Pie and column charts). 

Week 2: DEM & Hydrology 

The second week’s main theme is Digital Elevation Models (DEM). The students are 

familiarised with basic concepts concerning DEMs, and the most common DEM 

analyses and the most common DEM derivatives, such as contours and hillshade 

models, are created, also to be used in the next weeks.  

The exercise uses a 2 m resolution Finnish National Land Survey DEM from the 

Kevo area. The metadata is first inspected to find out more about the data and to 

familiarise students with the metadata menus in ArcGIS. The basic DEM derivatives: 

contours, hillshade, Slope, and Aspect are then created and stored to be used later in this 

week and the following weeks’ exercises. 

Finally, a simple hydrological modelling is done using the previously created 

layers. The modelling consists of identifying and filling sinks in the DEM, determining 

flow directions and flow accumulation in the area. From these results, the potential 

basins and stream networks are created. Students also learn to reclassify raster data by 

its values and convert raster data to vector formats in this exercise. 
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 Week 3: Rasters I 

In the third practical students continue working with different raster datasets and 

analyses. Students also need data from previous DEM & hydrology practicals. This 

practical is based on previous course materials with little modifications. The idea of this 

practical is to inspect biomass and canopy cover of different tree species in Kevo area 

and analyse it on different distance buffers and height zones. 

The main analysis tool that is used a lot in this practical is Raster calculator. 

Other main tools used are Euclidean distance -function which is used to create buffer 

zones and Zonal statistics as table -tool, which is used to inspect basic statistics of 

biomasses and canopy cover. Required outputs of this practical include visualized 

biomass and canopy cover maps so students get to practice their raster visualization 

skills. In addition, basic excel usage is required to produce a summary from basic 

statistics. 

Week 4: Rasters II 

The fourth practical is the second part of the raster analysis theme. This practical also 

utilizes data from DEM & hydrology practical. The synopsis of this practical is to get 

familiar with CORINE land cover data and then apply it and other data in site suitability 

analysis. On this practical basic idea is taken from former practical instructions and the 

first half of the practical follows that. The second part was completely reformed in form 

of a suitability analysis task.  

In the first part students get to inspect CORINE metadata, use Clip raster -tool 

and make simple data join. After this, students get to visualize the result and produce a 

land cover map from Kevo area. In the second part students get to use ModelBuilder to 

execute suitability analysis for an optimal camping site in Kevo area. In this analysis 

data from DEM & Hydrology -practical is combined with land cover data. The most 

important functions and tools in this model building are Reclassify, Raster Calculator 

and Euclidean distance. In the end suitability raster is also converted from raster to 

vector and the final output vector file is then visualized. 
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Week 5: Visibility analyses 

The Kevo Strict Nature Reserve theme is continued in the fifth exercise where the 

students carry out visibility analysis at a hiking trail following the Kevo river canyon. 

First, cellular phone network coverage areas area determined around the hiking trail, 

after which  .  

For the sake of the analysis, it is assumed that there is cellular coverage only in 

locations where there is a direct line of sight to a cell phone tower antenna array within 

30 kilometres. More realistic radio propagation analysis would be outside the scope of 

this course and the students are encouraged to study the results critically. 

Week 6: Interpolation methods 

The topic of the sixth practical is interpolation methods. The practical includes both 

deterministic and geostatistical interpolation. Previously these methods have been split 

into two weeks of practicals so the challenge creating these exercises was to include 

everything important without making it too time-consuming. 

Learning goals of this practical are to learn different interpolation methods, 

understand how they work and their differences. Students also learn to discuss source 

data’s usability and how visualization affects the output. 

At the beginning of these exercises, students get to use their GIS skills from 

previous practicals and courses. They will run over how to prepare the data for the 

analysis by converting data to different types with Calculate Field -function and making 

some database unions with Join Field –tool. Also, at the end of exercises, when 

visualizing results students will use basic analysis tools they’ve learned before like Clip. 

The practical consists of three exercises: 1. Deterministic interpolation, 2. Automating 

interpolation with ModelBuilder and 3. Kriging –interpolation. 

In the first exercise students get to know deterministic interpolation: Thiessen’s 

polygons, Trend and IDW. As a source data there’s temperature data of 2020 from all 

over Finland. Students do the interpolation for January’s temperatures and use the 

results to compare how different methods work. The second exercise introduces one 

more deterministic interpolation method, Spline. Students get to automate interpolation 

for all months using ModelBuilder and create cartographic time series. ModelBuilder 
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will be introduced to students during the previous practicals so in this exercise they get 

fewer instructions and have to recall how to use it. This exercise could also be a bonus 

exercise if the whole practical seems too time-consuming. The topic for the third 

exercise is geostatistical interpolation and students try different kinds of Kriging 

interpolation methods for air quality data. 

Week 7: Applying learned skills 

The final week’s exercise is different to the rest in that instead of strict step-by-step 

instructions, it gives the students freedom to apply the methods and analyses learned 

during the first 6 weeks. The exercise provides students with example prompts, data and 

minimum requirements to pass the exercise, but encourages students to come up with 

their own ideas for analyses and data that could be used for the task. 

For example, students can take on a task of finding a suitable location for a 

downhill skiing resort. This task might include students using the provided elevation 

model data or downloading their own DEM data, and reclassifying a slope layer to find 

flat areas for parking, roads, and buildings, as well as suitably steep areas for ski slopes. 

Students can then for example digitize the different features to create a map of their 

plan, and visualise it, or even convert the features to 3D and visualise them in that way. 

We thought that in this exercise it is especially important to consider the 

different starting proficiency levels of students on the course. This means that detailed 

enough instructions and minimum requirements need to be provided, but at the same 

time we also wanted to keep the exercise quite free to encourage those interested to 

apply the things they found most interesting in the course and even explore outside the 

already taught. 
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Chapter 6 

 

Modeling emergency driving using a civilian travel time matrix 

 

Hästbacka, M. 

matti.hastbacka@helsinki.fi 

Abstract 

The purpose of this project was to explore ways of using the Helsinki region 

travel time matrix for emergency medical services (EMS) planning. As the 

dataset is originally produced for modelling civilian mobility in the region, 

different ways of modifying the time values to better describe the special driving 

conditions of EMS units were compared. The different ways were then compared 

visually and statistically. The validity of the dataset for simulating emergency 

driving can be assessed and further developed with more sophisticated methods.  

Keywords: Emergency Medical Services (EMS), Accessibility, Hazard 

Management Agencies (HMAs) 

Introduction 

Emergency medical care is first-line medical treatment given to patients in acute need of 

medical attention. In many cases, it is of crucial importance to get help to the patient as 

quickly as possible. Accessibility of the EMS is a widely used basis for planning the 

service and measuring its quality. Effective resource allocation is needed to provide the 

best service to the public. Open tools and datasets could assist EMS planners in the task 

of resource allocation and EMS accessibility modelling. 

 The purpose of this project is to explore the potential of the 

MetropAccess – Travel Time Matrix (Toivonen et al., 2014) in EMS planning. The 

dataset that covers the entire Helsinki Metropolitan Area is, however, designed for 

modelling civilian mobility. To make it suitable for modelling emergency driving, some 

changes have to be made. However, to stay within the framework of this course, these 

changes must be quite simple and straightforward. The following research questions  
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are formulated to aid approach the problem in a systematic manner: (1) How could the 

Travel time matrix be used in future EMS planning? (2) How well does the current 

EMS network cover the study area? 

 

Data and methods 

The data used consisted of the 2018 version of the MetropAccess Travel Time Matrix 

(Toivonen et al., 2014) and a shapefile describing the locations of rescue stations in the 

area. Additionally, the national grid database (Statistics Finland, 2020) was used for 

analyzing the accessibility from a population perspective. 

The travel time matrix (Hereafter referred to as TTM) consists of a grid and 

simple text files: each grid cell has its own corresponding file with travel times from 

every other cell by various modes of transport.  Three transport modes were included in 

this project: rush hour by car (“car_r”), noon by car (“car_m”) and car without any 

additional impedances from crossings or traffic (“car_sl”). For each cell, the smallest 

time value was selected for each of the travel modes from the 20 possible alternatives, 

resulting in each cell containing the travel time to the nearest (or most accessible) fire 

station. 

After removing missing values, the results were further manipulated to remove 

additional time costs meant to simulate civilian conditions. The total additional time 

costs vary between 4.4 and 5.4 minutes, depending on whether the origin and the 

destination are located in downtown Helsinki (Kantakaupunki) or elsewhere (REF). 

However, for the sake of simplicity and the framework of this paper, 4 minutes were 

subtracted from the travel times across the study area. Therefore, between 0.4 and 1.4 

minutes of extra time costs were left in the values. 

For simulating emergency driving while conserving the effects of crossings and 

other hindrances (Method 1), a coefficient of was applied to noon and rush hour travel 

times. Based on earlier research, it was assumed that EMS units can exceed the speed 

limits by 20% (Fritze, Graser & Sinnl, 2018), resulting in a coefficient of 0.833 (or a 

time saving of approximately 16.67 %). In Method 2, the travel times based on speed 

limits without any additional impedances were used. After the calculations, an 

additional time cost of 1 minute was added to all travel times to simulate the time it 

takes from the crew to be mobile after receiving the dispatch. 
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The results were then compared by comparing the areas reached within x and y 

minutes from the stations. Additionally, by using the population grid, the shares of 

population reached could also be compared. The time values compared were the 

modified morning and noon times (Method 1), the modified car_sl_t values and the 

original car_sl_t values. 

 

Result 

The resulting files exhibit more or less coherent and logical spatial patterns, with no 

clear large-scale anomalies. Intuitively, the maps make sense, and the results look 

somewhat credible. Examples of the results can be seen in figures 1 and 2. 

The results show that EMS accessibility of the HMA is quite good, as the 

population and different parts of the area are reached relatively quickly. There are clear 

differences between what can be reached using the original values and the calculated 

EMS values. Method 2 with modifications appears to estimate very quick response 

times, while the rush hour times are the slowest (Figures 3 and 4). Interestingly, the 

car_sl_t curve is quite consistent with the EMS travel times calculated in this paper. 

 

 
Figure 1. EMS accessibility using the original noon travel times. 
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Figure 2. EMS accessibility using the modified noon travel times. 

 

 
Figure 3. A comparison of the different methods. There is a significant difference between the original 

and modified travel times. 
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Figure 4. The curves are shaped in a different way than in figure 3, as people are not spread equally 

across the study area. The difference between original and EMS times is much larger at first, but it 

virtually disappears around 20 minutes, as the entire population is reached even under less favorable 

conditions. 

 

Conclusions 

The TTM could provide the EMS planners with a versatile tool for future planning. The 

results from this project show that using relatively simple methods, rough modifications 

can be done on the TTM, expanding its applicability for solving different problems. The 

methods described in this paper were tested by comparing the accessibility of the EMS 

station network in the Helsinki metropolitan area. Using a time saving coefficient, 

relatively reasonable savings in travel times could be modeled, and it was shown that 

the EMS station network covers the HMA quite well. It is important to note that as of 

now, many uncertainties and inconsistencies remain in the data, and that the methods 

used in this paper are experimental and that further testing and validation is required for 

more reliable modeling. 

 A major limitation of all these approaches is that they do not consider the fact 

that the EMS units are sometimes dispatched when they are “floating” (i.e., not at the 

station). However, most dispatch calls are responded to from the station, and in favor of 
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simplicity, this issue was ignored. It is still noteworthy, that the theoretical travel times 

may be underestimated for areas that are close to hospitals, where there usually are 

available EMS units on their way back to base. The modifications done on the data are 

quite rugged, which is another major source of uncertainty. The simple approach 

ignores many factors, such as the difference made between downtown Helsinki 

(Kantakaupunki) and other areas in the creation of the original DORA model. This 

issue, while not necessarily causing any insuperable problems, is an important one to 

consider and it is a good example of the challenges of reversing the calculations done 

when creating the original dataset. Furthermore, as no standard definition of Helsinki 

downtown area exists, it is very hard to handle the issue. 

 The TTM is structured so that the travel times in the data are meant to 

model traffic to the stations (as opposed to from the stations). This is, however, unlikely 

to have a significant effect on the results, as there are few major one-way streets in the 

area, and any eventual errors would likely disappear in the relatively coarse spatial 

resolution and scale of the grid. 

One of the most interesting findings in this paper is that the car travel times with 

no additional impedances (car_sl_t) are relatively similar to those calculated in this 

paper. This may suggest that being able to bypass traffic lights and other impedances 

would result in a somewhat similar time savings as increasing the driving speed by 

roughly 20%. However, the results are not equal to this travel mode, and the similarity 

varies between different time values (Figures 3 and 4). It could be thought that using 

car_sl_t would also be suitable for modeling EMS accessibility, especially since doing 

so would require less data preparation. However, it would be interesting to further 

investigate this finding. 

Regardless of the aforementioned issues, the TTM can provide the EMS 

planning with a valuable tool for service level planning. It is still important to further 

inspect the results and run more tests. Validation and further assessment of the 

suitability of the tool could be done by, for example, comparing actual historical EMS 

data with the TTM. In future development of the model, the errors caused by the simple 

calculations can be mitigated, and higher degrees of precision and reliability can be 

achieved. 
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