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1 INTRODUCTION 

 

High school education offers general education and prepares students to future work 

life so that they could be active, make informed decisions, solve different problems, 

and collaborate with others. These skills, especially collaborative, creative, and 

complex problem solving, and information literacy are important 21st century skills 

that are necessary for understanding and solving topical, global challenges such as 

climate crisis, biodiversity loss and sustainable production of food and energy 

(Geisinger, 2016). Solving these challenges requires systemic thinking skills and 

advanced understanding on complex relationships between human and environment. 

Scientific literacy skills are also necessary. Scientific literacy has been defined many 

ways, but generally it emphasizes the ability to apply scientific knowledge in real-

world situations, participate in current discussions and make informed decisions 

(Gormally, Brickman, Lutz, 2012). Geography education, in particular, has a great 

advantage in teaching these skills. (Hanson, 2004; Jeronen & Lemmetty, 2020). For 

this reason, it is important to examine what high-quality geography education entails. 

One of the most central learning goals in geography is development of spatial thinking 

skills that have a big impact on learning, remembering and problem-solving (Bednarz, 

2019; Subhani, Utaya & Astina, 2017). When implemented successfully into 

classroom use, geographic information systems (GIS), can support spatial thinking by 

helping students understand geographic world by exploring interactions of 

geographical elements, distribution patterns and evolution processes (Lü et al., 2019). 

GIS also offers interactive learning environments and allow analyzing local 

geographical phenomena relevant for students, thus promoting motivation. Being able 

to participate in information processing and interacting with the learning environment 

promotes active learning often better than traditional teaching methods (Day, 2012; 

Kerski, 2003). 

However, even when training is provided many geography teachers still struggle and 

fail to implement GIS into long-term classroom use (Collins & Mitchell, 2019). This 

means that training does not quite meet the need for practical-level support. 

Additionally, the growth of digital learning material, interactive technology, and 
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different virtual learning environments demand teachers not just for technical 

competence, but also managing of new types of pedagogy (Luukkanen, 2004). New 

advances in science require education to develop all the time as well. These changes 

demand a lot from teachers, and in Finland many teachers are reported being 

overloaded by work and tired because of high demands and too much work (OAJ). 

More research is needed to find ways to support teachers and examine how they can 

reach required GIS skills to implement curriculum goals into teaching successfully 

(Riihelä & Mäki, 2015). 

This Master’s thesis is created to answer these needs and it aims to support high school 

teachers in GIS education on a practical level. It answers the question of how 

geography teachers can be supported in GIS education by offering them a research-

based learning activity. This activity is developed to offer them a ready and interesting 

material that can be easily implemented into teaching. Applicability and usefulness of 

the learning material and activity is evaluated by two high school teachers. The results 

help forming new theory on GIS education support and offers educational value. 

Research has been conducted as design-based research that includes different phases: 

theoretical and empirical problem analysis, design process and creation of a practical 

design solution (Edelson, 2002). Problem analyses are performed to find out what 

advantages GIS has in education, what challenges geography teachers working in the 

field have in GIS education and how those challenges could be met. This is followed 

by description of the development process that includes two design iterations where 

the learning material is created, tested, evaluated, and improved through a cyclic 

process typical for design-based research. 
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2 DESIGN-BASED RESEARCH 

 

Design-based research (DBR), applied as method, is relatively new in education 

research. It was developed in the early 1990s, but it has gained more attention and 

popularity over the last two decades (Pernaa, 2015). Wang and Hannafin (2005) 

describe DBR as systematic but flexible methodology that aims to improve educational 

practices. The aim of design-based research is to produce new scientific theory as well 

as develop a practical design-solution that can be applied into a real-world setting 

(Edelson, 2002; Wang & Hannafin, 2005).  

A motivator for developing DBR has been the critique on researchers being unable to 

produce practical information that would support teachers working in the field (Pernaa, 

2015; Collins, Joseph & Bielaczyc, 2004). With design-based research scientists can 

recognize needs that stem from real practices on the field, for example in schools, after 

which they find solutions, test them, evaluate, and develop further through an iterative 

process. Practical testing is important in educational research, as ethnography provides 

information on how a design works in practice, and how different variables, such as 

social and contextual variables, interact with cognitive variables (Collins et al., 2004).  

Researchers work in conjunction with participants and end-users, which leads to 

contextually sensitive design principles and theories. (Wang & Hannafin, 2005). 

Practical testing of the design solution is first done in smaller scale, and its’ 

dissemination in larger scale can be done later. After all, the purpose of the method is 

to improve real educational practices, creating emphasis on generalization of the 

results also outside the research settings (Collins, et al., 2004). This separates design-

based research from action research, which have many similarities. Action research 

produces a design solution for a particular, local setting, whereas design research aims 

to produce theory and solution that can be applied wider (Aksela & Pernaa, 2013). 

DBR has different phases that differ slightly from one research to another, which 

shows the flexibility and adaptive nature of the method, but it has also received critique 

on it (Easterday, Rees & Gerber, 2018). Despite possible variations between studies, 

different models can be used as general guidelines. Iterative nature combines all these 

models. Previous phases define the following by producing intermediate products used 
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in the later phases, and they are modified iteratively together along the design process 

(Easterday, Rees & Gerber, 2018).  

Edelson (2002) separates the process into three main categories. According to this 

model, researcher must make three sets of decisions along the design process that 

determine the design outcome. These decisions must be made in every design, 

although they might not be stated explicitly. They are decisions about 1) how the 

design process will proceed, 2) what needs and opportunities the design will address, 

and 3) what form the resulting design solution will take. Addressing these three sets 

of decisions the design process can be divided into three categories: 1) the problem 

analysis, 2) the design procedure, and 3) the design solution. 

1) Problem analysis.    Problem analysis defines the goals, development needs 

and challenges. It can be theoretical, empirical or both, and it is based on earlier 

research, thus building the theoretical framework for the study. It can include 

for example needs assessment, practical testing, and evaluation. Problem 

analysis usually evolves along the process. 

2) Design procedure.  Decisions made in design procedure include choosing the 

people participating in the study, and research methods used from initial 

planning to evaluation and further development. 

3) Design solution.   Design solution describes the final design that responds to 

the needs and challenges that arose in problem analysis. As mentioned above, 

it is created, developed, and evaluated in a cyclic and iterative process. End 

users participate in designing and evaluation of the design solution, so that its’ 

implementation into real-world setting is as smooth as possible. (Edelson, 

2002, 2006) 

Each of these categories also create new theory. By reflecting upon the design, 

development phases and outcomes, the researcher creates coherent theory that reflects 

their understanding on the subject matter and can be transferred for people working on 

the field (Edelson, 2002, Collins et al., 2004). 

Design-based research is chosen for this thesis research because it helps achieve the 

goals set to it through scientific development process. It combines scientific research 

with designing a design solution that has practical utility, therefore offering theoretical 

and practical educational value. Adequacy of design-based research in Master’s thesis 
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has been studied in Finland (see Aksela & Pernaa, 2013) and this thesis research 

utilizes those general guidelines on the recommended progression of the development 

process. 

 

 

2.1 RESEARCH QUESTION 

 

This study aims to build better understanding on high school GIS education in 

geography and how teachers’ professional skills can be supported through providing 

them a ready, research-based GIS learning material and activity.  

The research question is:  

How can the learning activity support teachers with GIS education? 

 

 

2.2 EXECUTION OF THE RESEARCH 

 

Answering the research question divides this thesis research into three development 

cycles (Figure 1). Master’s thesis usually includes one to two development cycles, 

which depends on time, research subject, student’s grade goal, among other things 

(Aksela & Pernaa, 2013). This thesis includes three cycles, as a preliminary version of 

the learning activity was made for University of Helsinki’s Geopiste science lab, thus 

sharing some of the workload between strictly thesis research and work done for 

Geopiste. 
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Figure 1. Development stages of the research 

 

The first cycle includes theoretical and empirical problem analyses. The theoretical 

problem analysis forms the theoretical framework for the following phases, 

simultaneously tying the study to earlier research. Literature was retrieved from 

ProQuest, Web of Science, Scopus, and Google Scholar. At first, the research material 

was gathered from databases, after which data retrieval became mainly data-driven, so 

most new references were found from references and citations of read articles. 

Database searches were limited to research published in 2010 and after. 
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In empirical problem analysis four Finnish and three Kenyan high school geography 

teachers were interviewed to recognize their needs for support in GIS education. Their 

answers were transcribed and analyzed with inductive qualitative content analysis. 

This revealed current real world challenges that teachers face, forming the goals for 

the design solution, here the GIS learning activity. 

This is followed by the second development cycle, where the practical was produced 

based on findings from the first cycle. The learning activity was tested in classroom 

by a teacher from a high school in Helsinki metropolitan area. After development 

targets were identified from feedback given by the teacher, initial design was 

improved, leading to the third development cycle. The third cycle includes testing of 

the second version of the learning activity at the same school and its’ evaluation, after 

which the research question can be answered. It evaluates the success of the design 

solution and the whole research process in reflection to the thesis’s main goal of 

supporting teachers with GIS education. 

The main practical focus of this study is on education in Finland. Narrowing the scope 

of the study is done due to limited capacity of Master’s thesis. However, part of the 

study was conducted in Kenya, which was done to help disseminate result also to 

Kenyan high schools in the future. Dissemination will be easier, when challenges and 

possibilities with GIS education are studies in different schools in Kenya. 

 

 

2.2.1 LUMA TAITA -PROJECT 

 

This thesis serves as the first opening for new LUMA Taita -Project. Collaboration is 

built between University of Helsinki’s (UH) Department of Geosciences and 

Geography and the Science Education Centre (a part of national LUMA Centre Finland 

network), and schools in Taita Hills, and possibly even wider. The name ‘LUMA’ 

comes from Finnish words ‘luonnontieteet’ (natural sciences) and ‘matematiikka’ 

(mathematics). This project aims to further strengthen international education co-

operation and bring science education, research-based knowledge and university 

research into schools in a meaningful and inspirational way. LUMA Taita -project 

supports the Strategic Plan and the Africa programme of the University of Helsinki 
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made for years 2021–2030. The Strategic Plan emphasizes openness of scientific 

research and its’ role in solving societal issues, promoting sustainability and global 

responsibility (University of Helsinki, n.d.). Science education is recognized having a 

special aim of disseminating scientific literacy and knowledge among various age 

groups and demographic groups outside the university. During the strategy period, the 

University strives to develop international connections and mobility, and cultivate its’ 

global responsibility by participating in international projects and research 

programmes.  

The themes mentioned above are reflected in the Africa programme 2021-2030 

(University of Helsinki, 2020). UH has versatile research in Africa and it aims to build 

mutually beneficial and equal partnerships with African partners. In the words of 

Professor Petri Pellikka, the principle is “with Africa”. Open science and access to 

knowledge are mentioned also in this programme. Key actions are for example 

developing transnational education collaboration, providing educational opportunities 

for African students, and integration of Africa-related research and teaching into 

Finnish society. The programme mentions UH having capacity building projects 

especially in Kenya, and a strategic partnership has already been formed with the 

University of Nairobi. UH has established a research station in Taita Hills, Taita 

Taveta County in Kenya, back in 2011 (Figure 2). UH also has several Memorandum 

of Understanding (MoU) agreements done with Kenyan universities, for example 

between Taita Taveta University (TTU) and Faculty of Science and Faculty of 

Agriculture and Forestry of UH. UH has also developed together with TTU an MSc 

programme in geoinformatics (Johansson, Heiskanen, Siljander & Pellikka, 2019).  

Over the years, the station has provided data, infrastructure and logistics for dozens of 

research articles, PhD thesis and MSc thesis, still providing a valuable setting for 

conducting topical, multidisciplinary research. 
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Figure 2. Semi-arid areas surrounding the green Taita Hills, where Taita Research 

Station is located. 

 

Earlier research carried out in the Taita Taveta County was utilized as a part of this 

thesis research, especially in production of the learning activity. Fieldwork was 

conducted to gain more understanding on GIS education in Kenyan high schools and 

TTU, as well as collecting more knowledge, data and imagery about current land cover 

and water scarcity issues in Taita Hills. Effects of land use and land cover change on 

water scarcity in Taita Hills was the theme for the GIS practical.  

Connecting university research and science education in Finland and Kenya has been 

done before. Numerous Finnish high school excursions to Taita Taveta County have 

been carried out, during which many local high schools have been collaborated with. 

As mentioned, this thesis is the first opening for LUMA Taita -project that was 

initiated to grow international science education collaboration. Practical level 

advancement was creating a pilot learning activity that could be disseminated to 

schools also in Kenya. 
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3 THEORETICAL PROBLEM ANALYSIS 
 

Theoretical problem analysis aims to examine the importance of geographical 

thinking, how it can be developed through GIS education, and what challenges teacher 

face relating to it. As the design solution is an instructional design, it is important to 

address all these sides, including the basics of learning, teaching and educational 

context (Edelson 2002). The objective of theoretical problem analysis is to tie the 

theory of this study to well-studied research background, define the goals, 

development needs and challenges in conjunction with the following empirical 

problem analysis. The findings in theoretical problem analysis will form a basis for 

empirical problem analysis and they were also taken into account in the learning 

activity. 

 

3.1 LEARNING IN THE CONTEXT  

 

As this thesis concentrates on education, it is important to examine the key elements 

of learning. Learning is a complex process, which can be studied from many different 

aspects. Learning cannot be seen only as a knowledge acquisition process because it 

is also heavily influenced by the social environment, network and learner’ background 

(Hakkarainen, 2000). Although the learner’s background affects learning in school, 

this aspect is excluded from this examination, as the main focus is on learning that can 

be supported in a school environment through different teaching methods, learning 

environments and learning activities. Well-designed pedagogy and teaching can 

inspire learners to start working on even very complex and difficult problems and 

make them excited about learning (Salmela-Aro, 2018). 

Cognition research has shown that successful learning should start with structuring 

new and existing knowledge around the major concepts and principles of the discipline 

(National Research Council, 2002). At schools, curriculum and instructions should be 

designed to help students to see more fundamental principles of the studied discipline, 

against which everything else is mirrored. It is important for a teacher to activate 
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students through the learning process and help them combine new and existing 

knowledge, activating their metacognitive thinking (Kallio, 2019). Metacognition 

means that one is aware of their own cognitive actions, for example when a student 

reflects his own learning and consciously controls and monitors it. Metacognitive 

awareness allows for planning, testing and modifying one’s learning, which, in turn, 

are connected to learning outcomes (Schraw & Dennison, 1994). Empirical tests have 

shown that those students who utilize metacognition perform better than others 

(Garner & Alexander 1989). Metacognition will not develop by itself, so it requires 

conscious practice (Kallio ym. 2019).  

21st century skills are cognitive skills required for this new century. In the past, 

education has emphasized memory and routine problem solving, whereas now it has 

partly moved toward collaborative, creative, and complex problem solving, digital 

literacy and information literacy (Geisinger, 2016). Motivation is recognized to be an 

important part of learning and development of 21st century skills, as it increases 

agency, competence and meaning (Salmela-Aro, 2018).  It helps creating meaningful 

goals, working with others despite disagreements and recognizing solutions for big 

challenges. Motivational factors mediate learning by decreasing or increasing 

cognitive engagement (Moreno & Mayer, 2007). Motivation keeps students more 

committed to an assignment, which increases likelihood of achieving the learning 

objectives (Kim & Frick, 2011). Teachers have a fundamental role in creating an 

environment that fosters motivation in schools (Salmela-Aro, 2018). This kind of 

environment supports students’ competence and autonomy, and highlights learning 

and understanding instead of grades. Competence, autonomy as well as relatedness 

(need to feel connected to others) are integral part of self-determination theory by Ryan 

and Deci (2017) which is a widely recognized theory of motivation. 

Traditionally, it has been thought that people could be divided into groups based on 

their learning styles, which are visual, auditory, read-write and kinesthetic. Many 

theories have backed this belief by showing that people learn in different ways and the 

best results are gained when teaching and studying is adjusted to fit learner’s own 

learning style (Willingham, Hughes & Dobolyi 2015). However, further critical 

literature reviews (Pashler, Mcdaniel, Rohrer & Bjork, 2009; Willingham et al., 2015) 

and empirical studies (Rogowsky, Calhoun & Tallal, 2015) have proven, that adjusting 

studying to a specific learning style will not, in fact, predict or increase learning results. 
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Differences in learning results are better explained by students’ aptitude, prior 

knowledge and cultural assumptions (Pashler et al., 2009). This can be connected back 

to the importance of metacognitive skills, as creating links between prior knowledge 

and new knowledge is naturally more efficient with better metacognitive skills.  

Even if learning styles do not have a significant impact on learning, right methods of 

teaching are essential. Often the most efficient approach to learning is multimodal 

(Moreno & Mayer, 2007). Multimodal learning environments include verbal and non-

verbal representations of knowledge. One example of this are educational videos, as 

they combine illustrative imagery, audio, and written text. They communicate different 

scenarios in an easily understandable way, where people can access information 

naturally (Lü et al., 2019). It is still important to note, that multimodal approach should 

be avoided, if the subject matter can be presented better with, for example, a simple 

chart (Herrington, Herrington, Oliver, Stoney & Willis, 2001; Moreno & Mayer, 

2007). This means that also multimodal approach needs to be used purposefully and 

its’ value is defined by the context. 

 

 

3.2 GEOGRAPHY EDUCATION 

 

The role of geography and geographic thinking in the uncertainty of future world is 

emphasized as people need to find solutions for problems that require multidisciplinary 

and systemic thinking. Tackling complex and global challenges, such as climate crisis, 

water crisis and biodiversity loss require advanced understanding on dynamic 

relations, causes and casualization between human and nature. According to Susan 

Hanson (2004) the advantage of geography is, particularly, understanding 

relationships between human and environment and processes operating at multiple 

scales. For this reason, geography has great potential and advantage to teach integral 

knowledge and tools for student, which will help them tackle many topical challenges 

(Day, 2012; Tani, 2017; Yli-Panula, Jeronen & Lemmetty, 2020). Similarly, 

Virranmäki (2022) found that geography has potential to engage students in powerful 

geographical knowledge and higher-order thinking skills, such as critical thinking and 

ability to select and organize knowledge for analysis. However, the empirical studies 
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in Finland showed, that there is still a need to re-evaluate the geography curriculum’s 

learning objectives to better support the development of students’ higher-order 

thinking skills and powerful geographical knowledge.  

All processes are located somewhere and are defined by their geographical location, 

so temporal nature and spatiality of different phenomena are important to understand 

in geography. Development of spatial thinking is one of the most central learning goals 

in geography (Subhani, Utaya & Astina, 2017). Geography is a very visual discipline 

where information is presented through various maps, diagrams, charts, and images. 

Using different visualizations is pedagogically reasoned and recommendable as it 

supports development of spatial thinking skills.  

Studies by geographers, cognitive and learning scientists have concluded, that 

successful spatial thinking has a great impact on learning, remembering and problem-

solving (Bednarz, 2019). Spatial thinking includes spatial visualization and 

understanding of orientation and relation (Wakabayashi & Ishikawa 2011; Golledge 

and Stimson 1997, as cited in Bednarz, 2004). These skills are important not only in 

geography but also in modern and technologically oriented society. In addition, spatial 

perception is needed for example in mathematics, physics, chemistry and even in the 

development of literacy. Supporting development of spatial thinking can increase the 

amount of student applying for STEM careers (Science, Technology, Engineering, 

Mathematics) (Uttal & Cohen, 2012). Enhancing students’ geospatial thinking in 

geography education can even develop active and participatory individuals that are 

empowered to participate actively in society (Bednarz, 2019). Using geospatial 

technologies to learn about different characteristics of students’ own surroundings and 

participating in community research projects can create opportunities for action. 

Active citizenship is of great importance in solving current sustainability challenges. 

 

 

3.2.1 NATIONAL CORE CURRICULUM AND GEOGRAPHY 

EDUCATION IN FINNISH HIGH SCHOOLS 

 

High school education in Finland is based on the guidelines stated in the national 

syllabus. Finnish National Agency for Education published the newest National Core 
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Curriculum for General Upper Secondary Education (LOPS) in November 2019, 

which was introduced at high schools in August 2021. The syllabus is the same for 

everyone nationally, but each municipality forms their own local curriculum, which 

determines how teaching and education are delivered. The national syllabus includes 

for example mission and underlying values of general upper secondary education and 

subject-specific course descriptions. 

Some general missions and underlying values of general upper secondary education, 

that are reflected also in geography education, are that it “-- prepares the students to 

understand the complex interdependencies prevalent in life and the world as well as 

to analyze extensive phenomena” and “-- guides the students towards drawing up plans 

for the future, growing into global citizens, and continuous learning”. The task of 

geography teaching and learning is defined as “-- to broaden the student’s 

geographical worldview; to develop capabilities to understand global, regional, and 

local phenomena and changes in them over time as well as regional problems and 

their possible solutions.” (LOPS, 2019) 

Conception of learning in LOPS supports the current, general understanding of human 

learning mentioned earlier. It promotes for example development of metacognitive and 

higher-order thinking skills, and problem solving. General objectives are also 

promoting students’ well-being and supporting them to grow into balanced and active 

members of society, which Bednarz (2019) mentioned being important goals in 

geography education. As geography education includes teaching on complex 

problems, such as conflicts and climate change, some students can experience distress 

(Seeve & Muukkonen, 2020). Suppressing these emotions can lead into stagnation, so 

teachers have a great responsibility in supporting agency and hopefulness. Their 

personal professional skills and competence are required also for the reason, that in 

Finland teachers have great freedom in choosing how they carry out teaching, and what 

teaching methods and materials they use (Johansson, 2012).  

The use of digital data and GIS was introduced in LOPS in 2003, as cartography and 

computer aided analysis of spatial data was added to one geography course (Tani, 

2017). Incorporating GIS in high school education two years later demanded teachers 

to master new skills, and some training was provided by the Finnish National Agency 

for Education in collaboration with universities. 
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GIS education is still strongly present in LOPS 2019, even though the term is not 

expressed explicitly more than once, but rather included under a term geomedia. The 

syllabus determined geomedia as referring to “the ways geographical information is 

collected and presented, such as maps, geospatial information, diagram, images, 

videos, written sources, media, and verbal presentations.” Geomedia on strongly 

connected with digital representations. Students are to use geomedia in a 

comprehensive way for collecting, evaluating, and presenting information 

strengthening their multiliteracy skills, and it is mentioned in the description of each 

four geography modules included in LOPS. Module “GE4 Geomedia – research, 

participation, and involvement” concentrates specifically in the use of geomedia in 

research and involvement. One objective of the course is that students know how to 

utilize GIS applications and know the principles of how they work. Having an entire 

course for geomedia shows the importance placed on teaching media literacy and 

critical thinking with geographical information. Using digital geomedia in education 

promotes development of these skills as well as encourages to active citizenship 

(Gonzales, 2012; Anunti et al., 2018). 

 

 

3.3 GIS IN EDUCATION 

 

Spatial data is processed applying various software. This spatial system is referred to 

as GIS which, in a broader sense, can include user alongside with software, hardware, 

data and practices, organizations and standards (Harvey, 2016). GIS creates merely 

presentations, simplifications, or exaggerations of the physical world, but it helps 

people to detect patterns and processes, that they would not otherwise be able to notice. 

GIS has countless applications and benefits in our everyday lives, and it has a great 

impact on how people view the world (Harvey, 2016). GIS helps to solve problems 

whenever people have needs related to location and geographical relationships. It for 

example helps to find the most efficient network for public transport, ships to navigate 

more safely, to model urban growth or monitor timber losses (Harvey, 2008). As a 

strategic tool, GIS has also a great impact on public decision-making as it allows 

officials to make informed choices and asses their impacts (Thomas & Humenik-
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Sappington, 2009). Geographic analysis models can help model dynamic geographic 

processes and detail future scenarios, such as disasters and emergencies (Lü et al., 

2019). 

GIS has many benefits in geography education. In practice, GIS education can include 

collecting and storing data, exploring geographic concepts, making and interpreting 

maps and investigating geographical issues (Liu & Zhu, 2008). GIS can help students 

to understand geographic world by exploring interactions of geographical elements, 

distribution patterns and evolution processes (Lü et al., 2019.) This creates important 

base for the development of spatial thinking, and as stated earlier, it is one of the most 

important learning goals for geography education (Wakabayashi & Ishikawa, 2011). 

Students develop their spatial thinking skills and cognitive mapping skills because GIS 

models the processes of spatial thinking, for example correlating spatially distributed 

phenomena, assessing proximity and similarity, and evaluating regularity or 

randomness (Bednarz, 2004). Working with visualization software corresponds to the 

benefits of multimodal learning environments, mentioned in Chapter 3.1. (Moreno, 

2007).  

As GIS activates students to participate in information processing and analyzing, it 

often engages them in active learning better compared to traditional teaching (Day, 

2012; Kerski, 2003). Learning with GIS supports motivation, as it broadens traditional 

learning environments and materials toward new perspectives and matters that can 

easily be connected to real world settings instead of to just a textbook (Bednarz, 2004). 

GIS can also support competence and autonomy by letting students explore and 

analyze meaningful topics by themselves with tools that also professionals use. 

Competence and autonomy were mentioned by Ryan and Deci (2017) as factors that 

support motivation.  In a study done in Finland, Anunti et al. (2018) found, that 

students rated GIS skills to be very useful in work life, science, and research, which 

motivates them into learning. 

From a teaching standpoint GIS does not represent only technology, but also a method 

that helps to teach and learn. GIS education should not only be teaching about GIS but 

also teaching with GIS, promoting higher-order thinking (Hall-Wallace, 2002; Kerski, 

2003). Teaching about GIS includes teaching about the used data, analysis methods 

and more technical aspects of GIS. Teaching with GIS highlights it as a tool for 
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teaching and learning. Learning with GIS seeks geographical knowledge and 

geographic intelligence, which can be applied to geographical problem solving, and 

many researchers consider this aspect to be more important (Rød, Larsen & Nilsen, 

2010; Liu & Zhu, 2008).  

Figure 3 below shows the connection between learning about GIS and learning with 

GIS. Learning with GIS (top of the pyramid) requires knowledge on the more basic 

level operations of GIS and geographic data (bottom of the pyramid). This means, that 

learning should be constructive and start with more technical instructions, which 

teachers have to take into consideration when they plan lessons.  

 

 

 

Figure 3. Learning with GIS requires learning about GIS (Rød et al., 2010) 

 

Implementing GIS in educational settings poses many challenges, and some feel that 

the attractive and appealing technology has blinded those that advocate the use of GIS 

is schools (Bednarz, 2004). As digitalization has become one of the most often 

mentioned topics of public discussion on Finnish education and the use of different 

technologies are heavily advocated in LOPS and high school education, there is a 

danger that technological skills are overly highlighted (Tani, 2017). Benefits of GIS in 

geography education are still fairly well argument (Ratinen & Johansson, 2008). The 

problem is not GIS itself, but rather the way it is sometimes implemented. GIS 

education needs to be carefully planned, so that it supports learning with GIS, which 

requires appropriate pedagogy. Use of technologies should not come in the way of 
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teaching geographical understanding, but as Rød et al. (2010) demonstrated, learning 

about GIS is essential at first. Teachers should be able to find balance between these 

two, which can be challenging with often already busy curriculums. 

 

 

3.3.1 CHALLENGES AND THEIR POSSIBLE SOLUTIONS IN 

GIS EDUCATION 

 

In the early 2000s, there were multiple studies reporting on the slow diffusion of GIS 

in education (e.g. Kerski, 2003; Bednarz, 2004; Johansson, 2005). Reasons for the 

slowness were varied and included for example inadequate and costly hardware, 

software installation issues and complexity, institutional barriers, paucity of 

appropriate and ready material, lack of accessible data and lack of technological skills 

or other technological obstacles. Teachers also expressed getting little support for 

training and implementation (Kerski, 2003). Often the biggest challenge seemed to be 

teachers’ limited time to learn to use GIS themselves and develop GIS-based lessons. 

Now, almost two decades later, many of these reasons still exist to hinder 

implementation of GIS in classrooms, despite many improvements, such as lower cost 

hardware, easier to use software, easy-access data, and internet-based GIS (Collins & 

Mitchell, 2019). GIS is still largely ignored by the majority of secondary educators 

(Kerski, Demirci & Milson, 2013). 

Teachers are in a key role considering the successful implementation of GIS. There 

are big differences in entry-level GIS education is schools due to varied teacher 

competences and resources (Johansson, 2005). One central challenge continues to be 

teachers’ lack of learning time, especially when there is no assurance of institutional 

and monetary support or career advantages, and this is found to be more significant 

than technological barriers (Kerski, 2003). Teachers need a lot of personal time to learn 

GIS themselves. Time is also needed to develop GIS-based lessons and produce 

resources and instructions for lessons, as there are a lot of instructions about GIS but 

less instructions with GIS (Bednarz, 2004). As an answer for these challenges, variety 

of professional training courses (in-person, online, hybrid) are offered to teachers to 

get familiar with it (Collins & Mitchell, 2019). Using GIS smoothly requires 
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independent training and utilizing different geographic information databases 

(Johansson, 2005). Thus, guided training can only give initial resources and 

instructions for independent training and lower the bar for trying GIS.  

Many teachers have criticized GIS training for example for being often too theoretical 

and not having enough practical support or connection to the curriculum (Johansson, 

2005). Participants wish to receive instruction on using GIS with ready and 

pedagogically meaningful material that they can take straight to classroom use with 

students. This shows that training should be well designed, so that it is effective and 

leads to successful, long-term classroom implementation.  Over the last two decades, 

there has been active research on how to conduct GIS teacher training well (Collins & 

Mitchell, 2019). 

Based on empirically proven findings, Höhnle et al. (2016) proposed three main 

features that lead to successful GIS teacher training: structural features, didactical 

features, and activities. Structural features include long-term support instead of one-

time events, establishment of learning communities, institutional support, and 

integration of diverse expertise, for example collaboration with experts from 

universities. Didactical features include focusing on subject-didactical learning with 

connection to the curriculum, consideration of findings on good teaching, and creating 

possibilities to co-creation the training activity with teachers. The last features, 

activities, include teacher reflection on the experiences after inputs from experts and a 

learning community and testing of material or a method during a lesson themselves, 

providing teacher with tools to assess their own efficacy, and offering feedback and 

coaching. Even though these mentioned criteria are recommended to be used when 

planning GIS teacher training, Höhnle et al. (2016) state that their consistent and 

systematic implementation is very challenging.  

Based on a literature review, also Henry & Semple (2012) have given five criteria for 

successful GIS utilization in middle and high schools. They concentrate more on the 

characteristics GIS should possess: 1) The GIS software should not appear 

intimidating, 2) Basic features of the tool should be able to be learnt in one or two 

hours, 3) Learning to use GIS should not get in the way of using it for instructional 

purposes (learning with versus learning about GIS), 4) The data should be 

preprocessed and included as part of the GIS, and 5) Teachers should have technical 
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and administrative support available during their learning period. Addressing these 

criteria would make GIS more accessible and approachable for a larger audience. They 

still pose a question whether they oversimplify some areas of learning GIS, and what 

is the level of understanding teachers should gain in order to get the most out of 

teaching with GIS. 

Overall, GIS has multiple advantages in geography education, but teachers should be 

provided easy access, low threshold good quality training, so that they can gain skills 

and confidence to start using GIS as a tool, that supports student learning in 

geography. Successful implementation also requires teachers to appreciate and 

understand the usefulness of the technology, which should be taken into consideration 

in planning professional development and training (Collins & Mitchell, 2019). 

 

 

3.4 FINDINGS TO TAKE INTO CONSIDERATION IN THE 

FOLLOWING RESEARCH PHASES 

 

Overall, GIS education has great potential to help students understand geographical 

world (Lü et al., 2019), engage them in active learning (Day, 2012; Kerski, 2003), 

support development of spatial thinking (Wakabayashi & Ishikawa, 2011; Bednarz, 

2004) and motivate them into learning by allowing them to study relevant real-world 

issues (Bednarz, 2019). However, its’ implementation to geography education has to 

be carefully designed. Figure 4 summarizes the factors that are good to take into 

consideration when designing GIS learning activities and what kind of professional 

training would be beneficial and effective for teachers. These findings will help 

forming the design solution in this thesis research. Understanding GIS education 

related challenges offers also understanding on the topic and helps creating interview 

questions for the empirical problem analysis. 
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Figure 4. Findings from theoretical problem analysis to take into concideration when 

designing the GIS learning activity 

 

 

4 EMPIRICAL PROBLEM ANALYSIS 
 

 

Empirical problem analysis consists of interviews and together with findings from the 

theoretical problem analysis it helps to create a learning activity that can support 

teachers with GIS education. The aim is to find common challenges and needs of 

support by gaining broader understanding on the context and educational settings 

where teachers work.  

Research interviews were carried out in Finland and Kenya. Four teachers were 

interviewed in Finland, three in Kenya. This is a relatively small sample, but a smaller 
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scale study was necessary considering the capacity of M.Sc. thesis with all its’ other 

aspects. Interviews were analyzed with inductive qualitative content analysis. 

 

 

4.1 INTERVIEWS 

 

Interviews were carried out using a questionnaire form, as this allows for more 

flexibility and a more comprehensive approach compared to data collection where 

face-to-face discussions are not used. Some advantages with interviews are that there 

is a possibility to ask follow-up questions, correct misunderstandings and have deeper 

dialog with the interviewee (Tuomi & Sarajärvi, 2018). Questions can also be asked 

in an order that the interviewer sees appropriate. 

Two of the four Finnish teachers interviewed were from a collaborative high school 

from which the two teachers later tested the design-solution, a new GIS learning 

activity, in their own geography classes. Two other teachers were chosen so that within 

the sample there would be enough variation in age, teaching experience, and gender. 

Overall, the Finnish interviewees represented geography subject teachers from three 

different high schools. Two of them had majored in geography, with biology as their 

minor teaching subject, and two of them had biology as their major and geography as 

their minor teaching subject. The interviews in Finland were carried out in Finnish and 

were held and recorded as virtual meetings, as COVID-19 pandemic made face-to-

face meetings challenging. The interviews were held on Zoom, Google Meet and MS 

Teams, according to interviewees preferences, and conducted between March and 

April 2021. A Finnish word “paikkatieto-opetus” was used in the Finnish interview 

questions. This term includes GIS education, but also non digital forms of geographic 

information education, for example interpreting maps from traditional, printed books. 

Before the interviews, it was clarified that this research interview concentrates more 

specifically on the digital side of GIS education, including for example using a GIS 

software, and data analyzing and visualizing. 

Three interviews were held in Taita Taveta County during the fieldwork period in 

August 2021. The interviews with Kenyan teachers were carried out at their schools, 
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so they were held face-to-face and saved as audio recordings. The teachers were from 

three local high schools and were chosen on the basis that they had already earlier 

collaborated with the Taita Research Station and groups from Finnish high schools in 

Porvoo and Kauniainen. Assessing GIS education related challenges in their schools 

would help dissemination of the finished practical and learning material in the future. 

The teachers had varied teaching subject combinations. Two had majored in 

geography, and one of them had Kiswahili, and the other history as their minor 

teaching subject. The third teacher had majors in business studies and had geography 

as their minor subject.  

The interviews where held as semi-structured interviews, which have predetermined 

questions that are asked from each interviewee as well as questions that arise 

throughout the interview (Tuomi & Sarajärvi, 2018). Flexibility allowed for asking 

additional questions and covering topics that were relevant to a particular candidate or 

their working environment but were not covered by the original interview 

questionnaire. This enabled teachers to talk about all the things they found challenging 

in GIS teaching, even if there was no premade question about it. Knowledge gained 

from previous interviews also grew understanding on the issue and helped to ask more 

specific follow-up questions during following interviews. This kind of developmental 

process is typical for qualitative research (Kiviniemi, 2015). The interviews were 

individual interviews, because they addressed needs of support, which can be a very 

personal topic to discuss, as it is linked to teachers’ own professional skills. Individual 

interviews made it easier for them to talk about those challenges more freely. 

To ensure the reliability and quality of the interviews, the structure and questions were 

carefully designed beforehand. Findings from the theoretical problem analysis and 

following wider discussions in media on teaching in high schools were used in forming 

the final questions that were asked from each interviewee, in addition to their more 

flexible follow-up questions. Overly structured interview could have limited the 

emergence of new topics (Hirsjärvi & Hurme, 2008). The lengths varied between 30 

minutes to almost an hour. The questions were organized under two categories: A) the 

background questions and B) the GIS specific questions. Some of the questions were 

necessarily not directly connected to teachers’ need for support in GIS, but the answers 

explained context and opened different factors affecting teachers’ skills and 

opportunities for GIS education in different high schools. The questions were partly 
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different in Finland and Kenya, as it was known already beforehand, that there were 

some differences in GIS education and syllabi between the countries, so using the exact 

same questions would not have been functional. Full questionnaires for the interviews 

are in appendices (appendix 1). 

 

 

4.2 INDUCTIVE QUALITATIVE CONTENT ANALYSIS  

 

Analysis in qualitative research can be divided into two groups. Analysis in the first 

group is directed by a certain theory or epistemology, whereas in the second group 

there is not a particular theory behind it, although different theoretical and 

epistemological views can be applied more freely (Tuomi & Sarajärvi, 2018). Here the 

interview analysis method, inductive qualitative content analysis, belongs to the latter 

group.  

The method was chosen for few reasons. Firstly, qualitative analysis allowed forming 

deeper understanding of different challenges teachers face regarding GIS education. It 

helped forming a comprehensive picture of the research topic by an attempt to make 

sense of the human behavior in its’ natural setting. Secondly, there were no previous 

theories guiding the analysis that would define certain themes, to which the data could 

be classified into, so inductive reasoning was used to find these emerging themes. 

Findings from the theoretical problem analysis offered some direction for the possible 

themes, for example time management challenges or need for technical support, but 

the final classification was done based on the interview data. 

All interviews were recorded and transcribed to text. Analysis was carried out based 

on the recommendations of Tuomi & Sarajärvi (2018). It started with analyzing the 

transcriptions and data reduction. Similarity and differences were compared between 

answers to find out if there were some themes that were frequently mentioned during 

the interviews. The transcriptions were repeatedly examined, and the themes used for 

forming the categories were identified through inductive reasoning.  

As with most qualitative research, inductive analysis requires a certain level of 

assumptions when interviews are later analyzed qualitatively. The uncertainties were 
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minimized by transcribing and analyzing the interviews soon after they were 

conducted, so that they would be fresh in memory. 

 

 

4.3 FINDINGS 

 

The interview findings are divided according to themes, that occurred most frequently 

regarding challenges in GIS education. The main three themes are: 1) time 

management challenges, 2) teacher GIS training critique, and 3) technical challenges. 

Some wishes and suggestions for GIS education support and teacher training are 

discussed also. 

The background questions revealed that teachers’ ages ranged from the class “25-34” 

to “over 55”, and teaching years from 7-25 in Finland and 2-15 in Kenya. This 

information was chosen not to be further analyzed with other findings, as it did not 

bring additional value for the analysis. Backing this decision, Nieminen (2019) found 

in her Master’s thesis research, that teachers’ age, university, or years in teaching did 

not correlate with the versatility in geographic information and GIS teaching, unlike 

the year of graduation and the number of attended teacher GIS training courses. The 

most central findings were done during discussion on section B questions about GIS 

education and skills, and they are further analyzed below. Finnish answers are 

translated into English, but the original, Finnish answers can be found in appendices 

(appendix 2). 

 

1) Time management challenges 

 

Time related issues were not mentioned in Kenyan interviews. Their challenges 

considered more the limitations of schools’ facilities and need for technical support, 

which are elaborated further in theme 3) technical challenges. 

In the Finnish interviews, time, specifically the lack of it, was a theme that was 

highlighted the most when the question about GIS education related challenges was 
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asked. This theme was strongly reflected in other categories as well, as scarcity of time 

affects for example possibilities to attend training courses or overall finding time to 

learn GIS. All Finnish teachers mentioned having challenges with time, as geography 

courses are full of topics to be covered in a relatively short period of time so there 

seems to be little, if any, time for anything extra.  

Challenges with sufficient time extended also outside classrooms. If teachers wish to 

learn to use some new GIS software or even find new teaching material and data 

online, it can take a lot of time. Interviewees mentioned that they are not given 

sufficient time to plan new activities, learn to use new GIS software or test bigger 

projects with their classes. This means that usually they must use their own free time 

for growing their professional skills without any extra financial compensation. These 

findings are reflected for example in the following citations: 

Teacher A: “Extra time for any planning is never budgeted in our school, 

so all that is additional work. So, the basic idea in education is that 

teaching runs all the time and everything else that comes in addition to 

that is done during free time.” (C1) 

Teacher D: “It is very challenging [having to use free time for learning 

GIS]. Nowadays evaluation is continuous, so there is not just a final 

exam and that’s it, but rather there is something to evaluate all the time, 

and when you plan lessons on top of that, there is just no time to build 

something completely new. -- So, the practicing is done during your own 

time, and if you don’t want to sacrifice your own time, then you probably 

won’t explore them [GIS].” (C2) 

Teacher C: “I would like to know what is the level that we are aiming to 

– how much to use time for it, because time is quite a limited resource 

on the courses, so to know how much to use time and how much to do 

these things.” (C3) 

Nowadays there are a lot of instructions online on how to use GIS software, and 

different learning activities and materials are provided as well. However, using these 

resources can still pose some problems: 
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Teacher B: “Often the problem is that you won’t necessarily have time 

to test all the exercises yourself beforehand, and many of them don’t have 

any answers or even suggestions, so then you might not dare to utilize a 

ready exercise packet, as you haven’t had time to check what the answers 

could be.” (C4) 

One teacher mentioned that learning to use GIS software from the technical aspect, as 

a method to analyze data, would be too time-consuming: 

Teacher A: “Teaching the method takes too much time from a course. 

Being able to teach GIS as a method, its’ actual use, would take a big 

part of a course, and there is no such time in our courses.” (C5) 

The same teacher later explained that, in their opinion, learning about GIS is not what 

they want to teach. They highlighted the importance of development of geographic 

thinking skills, which could be achieved better by learning with GIS, but like the 

citations above shows, the initial learning of technical aspects of GIS takes too much 

time. 

 

 

2) Teacher GIS training critique 

 

All of the Finnish teachers had attended some teacher GIS training courses or events 

and the opinions on them were mixed. Teachers mentioned professional training as 

useful in learning GIS, and many workshops and shorter courses had been useful in 

growing their professional skills. However, one common critique was that often the 

presented learning activities and exercises were too large and time-consuming to be 

implemented into classroom use: 

Teacher B: “Time is very scarce. I feel like [course] contents have just 

grown over the years, but the time has stayed the same --. We were 

talking with colleagues, while attending a MapInfo -training, that the 

ideas are very nice, but where can we get such time [for implementing 

ideas to class], when there is so much theory to go through. It was quite 
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useful, but even when I got very inspired then, I could not implement 

everything to class because of lack of time, and then I got a little 

frustrated and I dropped off everything. And after the training there was 

still some uncertainty in what to do.” (C6) 

Teacher A: “They might show us some fancy thing, that we could do in 

school, and at the same time one thinks that it would require at least four 

lessons from the course. I don’t have that. It is not realistic.” (C7) 

 

One teacher stated being nowadays very critical on what training courses to attend, 

because often they have taken many hours but at the end only a very small part of them 

has been useful in practice. Teachers felt like attending many courses in the past has 

partly been a waste of time. Two teachers mentioned that they preferred online GIS 

training over in person training, because it can be attended whenever and is not tied to 

a particular date, time, or location.  

 

3) Technical challenges 

 

Most interviewees in Finland and Kenya stated some level of need for technological 

support. Technical challenges here refer to personal technical skills as well as 

technology and facility limitations of the school. These challenges include for example 

not knowing how certain GIS software work; using computers with different operating 

systems, that do not support the software; or in Kenya, teachers not having proper GIS 

training and schools lacking required hardware or IT-facilities. Firstly, we cover some 

challenges mentioned by the Finnish teachers: 

Teacher C: “The thing with all these GIS software is that they are made 

for professionals, and they aren’t intuitive to use. You can’t 

automatically figure out what to do next. So, software is a bit unsuitable 

for now. When I have looked into them, sometimes I’ve stopped, as we 

have used Linux-computers so those software won’t work anyways.“ 

(C8) 
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There are big differences in GIS educations between schools and this is explained by 

teachers having different views about the usefulness of GIS and personal interest in 

using time to learn more about it. This shows teachers’ independence in choosing their 

teaching methods but also responsibility they have for their own professional skills 

and development.  

Teacher A: “I’m wondering how to remember everything when you once 

learn [using a GIS software] and the next time you need it is a year later. 

So, it is a problem for us that you need to use them so rarely that the 

skills won’t stay in your head. -- Also, teachers are different. I’m not a 

person that enjoys spending my life in front of a screen. I’m not oriented 

in a way that I’d like to start studying by myself, especially when often 

when hitting a wall it’s just about hitting one right button, but you’re just 

stuck.” (C9) 

Teacher B: “Most of it [GIS training] remains your own responsibility. 

And that is a bit of a problem. If you like it, and I am a bit of a computer 

geek myself and I like to work during nighttime, then you have no 

worries. But I have colleagues that simply don’t have the time or 

required IT-skills or inspiration to work on these things, so then you are 

quite alone if you don’t get any training.” (C10) 

Teachers mentioned having trouble using GIS software in the past. Updating software 

was mentioned being unpleasant and so time-consuming that at the end no one updated 

them, and the software was left unused. This was frustrating if the school had bought 

licenses to the software. They also felt that it was hard to keep up with fast evolving 

technology and new software versions, because learning to use them requires a lot of 

time each time. 

The three teachers interviewed in Kenya had similar backgrounds with GIS in a way 

that all of them were aware of GIS, its’ benefits, and applications, but had no 

experience with using GIS software themselves. They saw GIS as a great learning tool 

and had many ideas on how it could be used in high school geography education. 

During their university studies they had had some exposure to the topic, but these were 

usually individual events, including presentations about GIS and its’ theoretical 

aspects rather than its’ practical use: 
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Teacher E: “I think it is a great tool, but then most of us maybe lack that 

prior knowledge about it. -- I came across GIS when I was still in 

campus. We had the GIS day, but we weren’t taught deeper. This was 

only one day. -- We didn’t try it ourselves.” 

Teacher F: “15 years ago there was no GIS in university, even the 

computers in Kenya, those commands, nothing like that. Personally, I 

have access to computers. I use IT systems to analyze data, analyze 

exams… But geographical systems I don’t have access [to].” 

Teacher G: “It’s familiar, but I don’t use that is class now. I did some 

map generation and cartography [in university]. There were no courses 

specifically for GIS. We used some projections, books; computer 

software – no. We have not been able to go to the depth of it.” 

The teachers utilized their personal computers and projections in their classes, but 

generally students did not have their own computers. Only one of the schools currently 

had a computer lab and one of them had a computer lab under construction. The teacher 

that had access to the computer lab said they had limited computes and some of them 

were not working. Also, the internet connection was occasionally unfunctional, so 

using web-based services and tools was said to be challenging. This issue would get 

fixed in the near future, as the school would be getting better internet connection. 

The school that had a computer lab under construction had plans for educating their 

teachers more on ICT (Information and Communication Technology). The teacher saw 

this as one of the important steps toward being able to use GIS in their classes in the 

future. 

Teacher G: “Now the problem is that we don’t have the infrastructure: we don’t 

have the computers, maybe internet connection, software, teachers are not trained.  

We need to have teachers trained and have software. -- Some teachers have their 

own personal laptops and will be taking ICT education programs to learn, 

especially science teachers. Some have the knowledge, some don’t.” 

Overall, the Kenyan teachers were very interested in learning more about the practical 

use of GIS and were inspired to use different software with their students in the future, 

but they had varied opportunities for utilizing it. Having the adequate infrastructure 
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was the biggest limiting factor, but the teachers were positive that there would be 

improvements and advances relating to it in the future. 

 

 

Wishes for GIS education support and teacher training 

 

Overall, all the teachers interviewed in both Finland and Kenya expressed interest in 

GIS and saw its’ potential in high school geography education. In practice, they 

encounter various challenges that should be solved before they are able to use GIS to 

its’ fullest potential with students and gain the advantages it presents. The teachers had 

some suggestions on what could be done, so that learning and implementing GIS 

would be easier for them. 

One Finnish teacher stated that LOPS lacks the guidelines of what is the level GIS 

should be taught in, which is then reflected on the field where everyone is doing their 

own things. The teacher wished for clearer guidelines. One other teacher also 

expressed not getting enough guidance when new objectives and topics are added into 

the syllabus and books. 

The Finnish teachers mentioned using multiple different online GIS visualization tools 

and services in their classes, such as Geodata portal Paikkatietoikkuna, Google Earth 

and Kansalaisen karttapaikka. Two of them had tried out cloud-based ArcGIS Online 

couple of times. QGIS and MapInfo were mentioned as software that were introduced 

to teachers during GIS training courses, but neither software had been implemented to 

classroom use. Teachers had many suggestions on how they would like to receive 

support in order to learn using a new service or software: 

Teacher D: “Ready-made packages are certainly always easier, and 

especially the easiest for teachers is a package that includes a video 

recording instructing how to use the program. Then you’d have an 

exercise package with answers to each one. That would be the perfect 

package --.” (C11) 
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Teacher A: “Training could be a Zoom or Google Meet -meeting and 

then there would be separate video instructions. It would be nice to 

have one clear, good training where I get one good program and ready 

tools from it. And to know it is a tool that you can use even three years 

later. -- And you could actually take it into classroom use timewise.” 

(C12) 

Teacher B: “Probably a written instruction with a video in the 

beginning. -- If needed, after that there could be a face-to-face 

meeting.” (C13) 

Teacher C: “Ready materials are nice, because finding data especially 

for maps is very time-consuming.” (C14) 

The teacher wished for ready exercises and learning activities and wished that they 

could be carried out in practice without having to study using a certain software for 

many days. The two teachers that had tried ArcGIS Online before wished for more 

help for learning to use it better.  

The Kenyan teachers mentioned using for example Google Maps in classroom by for 

example projecting the view on the screen for students, but none of them used any 

GIS software. One teacher visited their school’s computer lab with student 

occasionally to “bring interest and even better understanding”. They were able to do 

predictions and simple data visualization. All the teachers were keen on gaining more 

GIS skills and had some suggestions on what type of support would be preferable, if 

there would be a ready learning activity they could implement to teaching: 

Teacher E: “Video recordings as well as those ones you’re able to keep 

[for example written instructions]. I’d advocate for both. Even a video 

call is applicable.” 

Teacher F: “I think videos would do. Combination of videos and written 

instructions.” 

Teacher G: “Screen record showing what to do would be good.” 
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4.4 NEEDS ASSESSMENT: WHAT KIND OF SUPPORT 

TEACHERS NEED IN GIS EDUCATION 

 

Needs assessment is done based on findings from the theoretical and empirical 

problem analysis. This is done to assess what type of design solution is needed to 

answer to challenges and problems stemming from real practices in the field, which is 

central in design-based research (Edelson, 2002). Theoretical problem analysis 

revealed what kinds of things are good to take into consideration while designing the 

solution. The empirical problem analysis revealed that there are many shared 

challenges teachers face in GIS education. In Finland, the main challenges were 

finding time to learn using new tools and software and finding ways to implement 

them into classrooms. The teachers wished for very practical level support that goes 

straight to the point, is efficient timewise and offers ready learning activities and 

materials. The practical is developed to offer a solution to these challenges.  

The challenges faced by the Kenyan teachers consisted of lack of practical level 

exposure and training with GIS and limitations of available infrastructure such as 

access to hardware. The learning activity is designed to work as a low threshold 

introduction to GIS and offer an activity that can be easily executed even by teachers 

that use a GIS software for the first time. 

 

 

5 DEVELOPMENT PROCESS 

 

This chapter describes the development process and factors that affected decisions 

made during formation of the learning activity. Links to it and descriptions of practical 

testing are in Chapter 6. Development process began with the first iteration, where the 

first version of the practical was created, tested in practice and evaluated. This thesis 

research includes also a second iteration where the learning activity was developed 

further and tested again to better answer the objectives set for it. 

Creating context-specific models and solutions is one of the core features in design-

based research (Pernaa, 2015). Here the learning activity was more closely defined by 
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the Finnish high school education context, because the first versions were tested in 

Finland. This was reflected in choosing the language, length, specific theme and 

learning objectives, which are partly defined by LOPS and the limitations of the 

collaborating high school. 

University research was utilized in formation of the design solution. Working in 

collaboration with universities and using material offered by them is recognized to be 

a possible answer to the limited resources and to enable more advanced GIS education 

in schools (Järvinen, Jylhä & Muukkonen, 2019; Rød et al. 2010; Kerski, 2003). 

Collaborating with universities is also included in the structural features that raise the 

effectiveness of teacher training activities (Höhnle et al., 2016). 

 

 

5.1 DESIGNING THE GIS LEARNING ACTIVITY 

 

The design solution is a GIS learning activity that teachers can themselves carry out in 

their classes. Höhnle et al. (2016) found that training activities in teacher training are 

effective in changing teachers’ actions in the classroom. Thus, this design solution 

aims to support teachers on a very practical level and enhance their GIS skills by 

offering them a new and easily accessible GIS tool and a ready learning activity to go 

with it. The practical offers students an interactive and interesting learning 

environment, ArcGIS Online. It also gives them a peek into real world use of GIS by 

addressing a real university study concentrating on environmental change and 

sustainability that are very topical issues. 

Designing this learning activity was a smaller scale experimentation, so it is evident 

that all the challenges and problems that came up during the problem analyses cannot 

be perfectly removed. However, this experimentation will give suggestions on how 

offering teachers a ready research-based learning activity could work as further GIS 

teacher training. A general description of the development process is given below as a 

detailed description is not required in Master’s theses (Aksela & Pernaa, 2013). Figure 

5 explains the structure of the two versions of the practical which is called “Land use 

change and water scarcity in Taita Hills”. 
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Figure 5. Structure of the first and second version of the learning activity. Main 

differences are marked with orange text. 

 

5.1.1 TARGET GROUP AND PRACTICAL SETTING  

 

Target group were two high school geography teachers with their students from the 

same school in Helsinki metropolitan area. The high schools’ principal was first 

approached about this possible collaboration via email, after which there were couple 

virtual meetings about practical arrangements, for example finding the two teachers 

that would be ready to test the new GIS learning activity in their lessons. The activity 

was first tested by one teacher with their class, then developed further according to 

their feedback and experiences and then tested again with another teacher and students. 

Iterations are part of design-based research, and more iterations lead to a more defined 

and deliberate design solution, that accurately meets the practical needs. Having two 

teachers testing the material offered new perspectives on it and gave better 

understanding on how different teachers would perceive the training process and 

instructions. This was important, as one main objective for this design solution was to 
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create an easy learning path to avoid common challenges with GIS training mentioned 

in the problem analyses. 

Practical testing happened as a part of high school geography education, so the learning 

goals needed to closely support the syllabus and topics covered in the selected course. 

The chosen course was the first and currently only obligatory course in Finnish high 

school geography education – “GE1 The world in change”. This particular course was 

chosen together with the two teachers as it has many potential themes that could have 

been covered in the GIS material. Schedule-wise it was also good for the collaborating 

high school, as there were two different groups taking the course consecutively during 

autumn term 2021. The lessons where the activity was tested were 90 minutes long. 

 

 

5.1.2 THEME, LEARNING GOALS AND INSTRUCTIONS  

 

The National Core Curriculum for General Upper Secondary Education (2019) 

describes the GE1-course as follows: “This module helps the students observe the 

changing world and its’ regional phenomena through changes affecting the 

environment and humankind.” Couple of its’ objectives are that students “are able to 

analyze the reasons for environmental changes and evaluate the consequences of 

environmental change in different regions”, and “know methods for containing 

environmental changes or mitigating their effects in different regions and can explain 

what types of solutions help achieve this”. Core contents include, among others: 

drought, adaptation to environmental changes and containment of the changes, lack of 

clean water and famine. These themes connected very well with research conducted 

by University of Helsinki’s researchers in Taita Taveta County, Kenya. Integrating this 

research into the high school learning activity supports the Strategic Plan and the UH´s 

Africa programme. From a teacher’s perspective, offering them GIS training that is 

connected to the curriculum supports the didactical features mentioned by Höhnle 

(2016).  

The general theme for the practical that was discussed and chosen together with the 

participating teachers was water. The GE1-course has one chapter on water, so the 

learning activity was more specifically connected to it. Researchers from UH already 
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had usable and georeferenced land cover datasets from Taita Hills from years 1987 

and 2011. Changes in land cover and land use strongly affect water cycles, and they 

have created water scarcity and drought problems in Taita Hills, so the connections 

between the course’s learning goals mentioned above and available data with a real-

world research example for the practical were created naturally. The topic was optimal, 

because there is a lot of research, articles, videos, documentaries, photos, and other 

resources available that describe the environment and environmental changes in Taita 

Hills, so creating a comprehensive background theory for the lesson was relatively 

easy. Also, if a school wanted to make a bigger project around the learning activity, 

there would be an abundance of resources to use. Building the practical around a real 

study with real data had potential to motivate students to learning. 

Relationships between land cover change, vegetation, droughts, rain, food security and 

the health of the ecosystems in Taita Hills served as great examples of systemic 

processes and connections between human and the environment. Understanding these 

connections is mentioned as a central learning goal in the course (LOPS 2019). The 

learning activity connects information from several book chapters that were covered 

earlier on the course, thus helping the students to understand even better the connected 

nature of different geographical phenomena. This was done to help them to create 

connections between new and existing knowledge and to support their metacognitive 

skills, which are essential skills in learning (see Chapter 3.1). Teachers were offered a 

collaborative Flinga whiteboard that would help them wrap up the activity at the end 

of the lesson and highlight the interconnective nature of processes in the study area 

(Figure 6). The whiteboard exists on a website, and students could write on the board 

anonymously without any registration. The board had two research questions that the 

students answered after completing the GIS activity. The first question examined why 

having less trees had increased droughts in Taita Hills and the second questions 

concentrated on different effects this has had on the local environment. It also had few 

photos offering some hints for students. 
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Figure 6. Flinga whiteboard that helps students answer the learning activity’s research 

questions through co-creation 

 

As mentioned before, the GIS learning activity utilized land cover data from Taita 

Hills produced by UH researchers working in the Department of Geosciences and 

Geography. The data consisted of two sets of land cover raster data covering an area 

of about 880 square kilometers in Taita Hills, from years 1987 and 2011 (Figure 7). It 

covered ten different land use and land cover classes from lowlands to the top of the 

hills. The data was first simplified and converted into vector data by using ArcMap 

and then added into ArcGIS Online, that is a cloud-based GIS mapping platform used 

in the activity by teachers and students. The raster-vector conversion was done so that 

the data could be analyzed with ArcGIS Online’s tools. The analysis made by students 

during the GIS lesson summarizes the area of polygons inside each land use class and 

creates a new column in the attribute table showing the percentage of each land use 

type in the study area. Comparing these results from 1987 and 2011 shows the 

environmental changes that have taken place in Taita Hills during the last few decades. 

 

ArcGIS Online 

Esri’s ArcGIS Online was chosen for this practical for multiple reasons. In Finland, 

schools can register themselves into ArcGIS Online free of charge and use the service 

with students with multiple accounts. As a cloud-based service ArcGIS Online does 

not need to be installed on computer and updated, like many other GIS software. This 
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saves a lot of time and makes the service easily accessible from any computer, and it 

is relatively simple to use. 

 

Figure 7. Land cover data from Taita Hills in 1987 viewed in ArcGIS Online 

 

The analysis tools are limited compared to for example ArcGIS Desktop or QGIS, but 

for simple analysis and data processing it is sufficient. The simple user interface is 

more approachable for first time users and the threshold for trying it out for the first 

time is lower. If a teacher would want to use ArcGIS Online also later after the 

practical, it has a large internal database full of variety of map layers, so they would 

not have to use time to first find data online, import it into the software, choose right 

projections and so forth. Esri Finland offers some ArcGIS Online learning exercises 

covering topics from global carbon emissions to wind and ocean currents, population 

growth and COVID-19 case-mapping, that are designed to fit into Finnish high school 

geography courses. Esri Finland offers trainings, courses, and webinars for those that 

wish for face-to-face guidance. Overall, ArcGIS Online is a simple, free, entry level 

GIS service that is easily accessible for schools, while offering a variety of analytical 

tools. The selection of this online tool can remove many challenges that came up in 

problem analyses. For example, Finnish teachers’ time limitations were the biggest 

limiting factors for implementation of GIS, but as ArcGIS Online is an easy-access 

tool with a simple user interface teachers do not have to use that much time to learn 
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its’ use and different operations. Using the service with preprocessed data also fills 

many criteria that Henry & Semple (2012) proposed for successful GIS teacher 

training. 

 

Learning goals 

Early on during the design process for the learning activity, learning goals were 

determined for both teachers and students. These goals were shared with the teachers 

in Johdanto harjoitukseen ja taustatietoa -document (instructions and background 

theory). 

Learning goals for teachers mentioned in the instructions: 

- Improve GIS-skills and knowledge on teaching with GIS. Grow methodical 

skills. 

- Familiarize with a new, digital learning environment (ArcGIS Online) and 

utilize it in teaching. 

- Get familiar with university research. 

Learning goals for students mentioned in the instructions: 

- Learn to understand the role and benefits of GIS in research. 

- Learn central processes regarding water cycles, food security, human-nature 

interactions, effects of land cover change on whole ecosystems, and systems 

thinking. 

- Familiarize with authentic university research via an inspiring learning 

activity. 

- Through the use of a digital learning environment learn to process, analyze and 

visualize geographic information as well as understand complex relations that 

prevail in the world. 
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 Field work in Taita Hills, Kenya 

 

Figure 8. a) Locals collecting water in the lowlands during dry season in August 2021.  

b) The highly fragmented forest-agricultural landscape mosaic with agroforestry fields 

on top of the Taita Hills. 

 

A short fieldwork period was conducted in Taita Hills, Kenya, in August 2021. 

Conducting the fieldwork during dry season was optimal as it offered a possibility to 

study current water scarcity issues. There were three reasons for fieldwork. Firstly, it 

was done to interview Kenyan teachers for the empirical problem analysis, which 

would clarify the challenges teachers have in GIS education, and the findings would 

help future dissemination of results. Secondly, fieldwork helped to gain even deeper 

understanding on the water shortage, its’ causes and solutions and adaptation 

techniques. The fieldwork provided new information on the current situation, which 

complemented research made on the topic couple of years earlier. All this knowledge 

made it easier to design the learning activity that was factually correct and up-to-date. 

Thirdly, fieldwork was done to shoot photos and videos, that would help teachers and 

students understand and visualize the research area and local processes better (Figure 

8). Videos and photos also promote interest and enhance deep learning (Mitra, Lewin-

Jones, Barrett & Williamson, 2010). Photographic material was added into materials 

linked in chapter 6. 

Photos and videos were shot in various locations. For example, Mount Kasigau and 

indigenous forest Ngangao were visited to gather more information on the importance 

a) b) 
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of cloud forests for the surrounding areas and ecosystems. The forests are a head water 

area for rivers and springs that bring water for the people, animals and plants living in 

the hills and surrounding lowlands even during the dry seasons (Hohenthal et al., 

2015). Towns such as Maktau, national parks and wildlife conservancies Tsavo West 

and Taita Hills Wildlife Sanctuary, and Teita Sisal Estate were visited to see the 

various effects of water scarcity challenges for people and wildlife and different 

mitigation efforts. All material and information could not be fit to the learning activity 

or provided to teachers as activity’s background information, but they can be used in 

the future for example in LUMA Taita project or UH’s science lab Geopiste. 

 

 Instructions for the teachers 

 

Figure 9. a) The document explaining theory behind the learning activity, and b) the 

technical, step-by-step instructions showing what to do during the lesson in detail. 

 

a) b) 



43 

 

Creating good and clear instructions for the teachers on how to carry out the practical 

was central. The instructions were to give teachers enough knowledge and confidence 

so that they could independently instruct the lesson. As scarcity of time was mentioned 

to be one of the biggest challenges with GIS trainings, the teachers’ instructions were 

created to be as efficient and concise as possible, while still offering enough 

information on the effects of land cover change to water cycle in Taita Hills, the 

technical use of ArcGIS Online and the recommended structure of the lesson. This also 

follows the recommendation, that the basic features of a GIS tool should be able to be 

learnt in one or two hours (Henry & Semple, 2012).  

Interviews and discussions with the two teachers revealed that their preferred training 

in preparation for the lesson consisted of an instructional video showing the technical 

use of ArcGIS Online as well as written instructions, and these were offered to them. 

One benefit of the video instruction over face-to-face instruction was that it could be 

viewed whenever the teachers had time, and they could later come back to it if 

necessary. The written instructions (Figure 9b) had the same information as the video 

but was mainly to be used during the lesson. It had detailed information on each step 

of the practical from the technical aspect as well as the most important theory that was 

recommended to be covered with students. 

In addition to these two instructions, there was also a document explaining for example 

the learning goals of the learning activity, general structure, information about Taita 

Hills and factors contributing to water shortage in the area (Figure 9a). Teachers could 

have instructed the lesson having read only the written, technical instructions, but this 

additional information was to give them more in-depth understanding on the issue. The 

teachers were offered also face-to-face training if they still wished for it after 

familiarizing with other instructions. However, neither of the teachers felt the need for 

this, so this option was not used. 

 

 

5.2 FEEDBACK QUESTIONNAIRE  

 

To be able to answer the research question it was necessary to collect feedback from 

the teachers after they had instructed the learning activity in their classes. Reflection 
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on the experience after practical testing of materials is shown to increase the 

effectiveness of teacher training (Höhnle et al., 2016). Feedback was collected also to 

find the strengths and weaknesses of the learning activity, so that the next versions 

could be developed accordingly. 

Careful planning is necessary when building a questionnaire form, as it has to be 

unequivocal to avoid misinterpretations (Valli, 2015). The form should be clear, 

logical and the questions easy to understand. Questions should always offer a suitable 

answer for each respondent.  

The feedback was collected using University of Helsinki’s online form (appendix 3). 

It is an online tool that can gather variety of information, such as feedback, 

registrations and research material, and the flexible form allows creating a variety of 

fields and open-ended and closed-ended questions. This variety meant that the teachers 

answered the specific questions about pre-lesson training and in-class teaching 

experiences but were also able to express their views more freely and bring up 

unpredicted experiences. Both teachers filled the form after practical testing. 

The question form was divided into three sections:  

A) Before the lesson: functionality of the instructions 

B) During the lesson: content of the learning activity and applicability to teaching 

C) After the lesson: general assessment 

 

 

5.3 THE FIRST DRAFT 

 

At the end of spring 2021, a first draft of the learning activity was made to the LUMA 

science lab Geopiste, that operates in geosciences and geography department in 

University of Helsinki. Geopiste had one previous ArcGIS Online activity and good 

experiences and models with that were partly utilized in designing the first draft. Initial 

technical testing and suitability of the difficulty level for high schoolers was tested 

with two volunteering high school groups. Students participated remotely, and the 

activity was completely instructed by a Geopiste instructor. This benefitted both 

Geopiste and this thesis study. Geopiste got a new GIS activity to offer for schools, 
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and the testing allowed identifying possible challenges and performing some fine 

adjustments before the learning activity was offered to the teachers in the collaborating 

school. The first draft made for Geopiste was modified and expanded to fit the lesson 

in GE1-course and it’s learning goals.  

 

 

6 DESIGN SOLUTION AND RESULTS: GIS 

LEARNING ACTIVITY 
 

This chapter describes the two design iterations that include the first practical testing, 

the following development phase, the second practical testing and feedbacks. 

Below are links to the instructions given to the teachers. Note, that these documents 

are the instructions prepared for the second testing, so they have been modified 

according to the feedback from the first teacher. The instructions are in Finnish. 

 

(A) PDF-document: “Johdanto harjoitukseen ja taustatietoa” 

https://www.helsinki.fi/assets/drupal/2022-

05/Johdanto_ja_taustatietoa_opettaja_taita.pdf 

This document includes introduction for the practical, learning goals, 

suggested schedule, background information, additional material, and 

link to the video-form technical instruction for the use of ArcGIS Online. 

(B) PDF-document: “Opettajan ohje” 

https://www.helsinki.fi/assets/drupal/2022-

04/Opettajan_ohje_vesi_Taitavuorilla.pdf 

This document includes detailed step-by-step technical instructions and 

the most important theory. Teachers used this document during the 

lesson. 

 

https://www.helsinki.fi/assets/drupal/2022-05/Johdanto_ja_taustatietoa_opettaja_taita.pdf
https://www.helsinki.fi/assets/drupal/2022-05/Johdanto_ja_taustatietoa_opettaja_taita.pdf
https://www.helsinki.fi/assets/drupal/2022-04/Opettajan_ohje_vesi_Taitavuorilla.pdf
https://www.helsinki.fi/assets/drupal/2022-04/Opettajan_ohje_vesi_Taitavuorilla.pdf
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Teachers were also offered an Excel -spreadsheet to examine and compare results from 

a quantitative analysis for the land use in 1987 done during the lesson and land use in 

2011 that was not analyzed during the lesson due to time restrictions (Figure 10). The 

Excel spreadsheet offered them ready results from year 2011. Seeing both results in 

the same spreadsheet helped students to compare them and examine changes 

numerically. 

 

 

Figure 10. Excel spreadsheet with results from ArcGIS Online analyses 

 

 

6.1 THE FIRST PRACTICAL TESTING 

 

The first teacher had the practical testing of the learning activity at the end of 

September 2021 on a GE1-cource as agreed before. The lesson in which the material 

was tested was linked to the chapter addressing water. The instructions were shared 

with the teacher a bit over two weeks in advance. The group had 26 first year students. 

The teacher was instructed to also do the GIS activity at the same time as students so 

that they could follow the technical instructions on the use of ArcGIS Online from 

teacher’s shared screen in front of the class. Exploring and figuring out how to use 

ArcGIS Online more independently would have increased students’ autonomy which, 

in turn, increases motivation even further (Ryan & Deci, 2017). During the lesson 

students could have been given more freedom and time to play with ArcGIS Online, 
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do research on the subject more independently, and overall study with more student-

centered learning methods. However, here the lesson started in a more traditional way, 

where the teacher instructed students on the use of ArcGIS Online. This was done, as 

the mapping service was new for them and there was limited time for completing the 

learning activity, so clear technical instructions were necessary. Shared instruction 

also helps everyone complete each step at the same time. Freedom to work more 

independently with ArcGIS Online could be possible in the future when the students 

have learnt the basic features of the service. The lesson still activated students with 

inquiry-based learning and learning was active. 

The lesson started with a short introduction for the theme, which was more freely 

planned by the teacher. After introduction, the students continued to studying Taita 

Hills area in ArcGIS Online with different map layers. They were also shown a short, 

ready PowerPoint presentation that included photos of different land cover classes in 

Taita Hills (appendix 4). These photos helped students to get a better understanding of 

the area and land cover classes, and as mentioned earlier, visualizations help with 

motivation. Then students performed a quantitative analysis to see what kinds of 

changes in land cover had happened in the research area over the years. After this, 

there was joint discussion on the effects of land cover change on water cycle, and their 

causes, effects, and solution in Taita Hills. After instructing the lesson, the teacher 

gave feedback via the feedback form on the functionality of the learning activity and 

how it supported them with their GIS skills. 

 

 

6.2 FEEDBACK AND DEVELOPMENT TARGETS FOR THE 

NEXT CYCLE 

 

The learning activity was completed mainly as intended, but some challenges arose 

reveling few development targets for the second iteration. Development targets relate 

to teacher’s instructions on how to carry out the practical throughout the lesson, as 

well as slightly modifying and simplifying the activity itself.  
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Table 1. Feedback on the learning activity after first testing. 5-point Likert scale used: 

1 = Strongly agree, 2 = Somewhat agree, 3 = Neither agree nor disagree, 4 = Somewhat 

disagree, 5 = Strongly disagree 

Instructions on the course of the lesson were clear 1 

I knew what to during the lesson and what are the learning goals 1 

The amount of guidance was sufficient 1 

Difficulty level of the activity was appropriate for the students 3 

The theme of the activity was interesting 1 

The learning activity supported the national core curriculum (LOPS) 2 

The length of the activity was suitable for the lesson 4 

Learning activity supported the learning goals set for it 1 

 

Answers in Table 1 show that teacher’s instructions were sufficient, and the theme of 

the learning activity was interesting and supported the learning goals set for it, but the 

length and difficulty level were not ideal for the lesson. The feedback form had open-

ended questions evaluating the functionality of practical and different parts of it. Open-

ended questions revealed more clearly the underlying factors behind the challenges 

that emerged during the lesson. It seemed that the main challenges during the lesson 

would not have occurred if the teacher’s instructions would have been clearer and they 

would have been read through more carefully by the teacher. It was instructed to have 

the technical instructions (document B, see Chapter 6) visible for the teacher either on 

a second screen or printed on paper, so it would be easy for them to check what to do 

next, while sharing their screen in front of the classroom showing the ArcGIS Online 

view that the students followed. However, the teacher had not done this, and the flow 

of the lesson was frequently interrupted when the teacher had to switch between 

different windows on their computer to see what to do next. 

The teacher was shared a PowerPoint slideshow that would introduce students to Taita 

Hills through photos and to the land cover data used during the ArcGIS Online 

analysis. The teacher rated the functionality of the PowerPoint as 2, in scale from 1 to 

4, 1 being “was really useful” and 4 being “did not bring additional value”. In addition 

to this, the teacher created another slideshow that included some background 

information about the activity as well as technical instructions for ArcGIS Online that 
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the students could use. This would not have been necessary, if the lesson would have 

been instructed as suggested. Using this slideshow to show instructions for ArcGIS 

Online slowed down the progression with the learning activity leading to the group not 

completely finishing the joint discussions at the end of the lesson. Unlike instructed, 

the students created their own excel-spreadsheets on land cover change and this also 

slowed down the progression of the lesson. These challenges were partly cause by bad 

luck with timing of the practical testing. The teacher told that they were in the middle 

of an exceptionally busy period:  

“Unfortunately, I did not have time to test the activity beforehand, 

because at the same time there were matriculation examinations, 

multiple meetings, training and considerable number of courses to 

teach” (C15).  

Later they continued:  

“Time was very scarce in this first period, as it was taken up by six 

courses and everything else (new LOPS courses, new educational 

publisher for learning materials, new period schedules etc.) and 

numerous meetings.” (C16) 

 Due to these various, simultaneous responsibilities the teacher had not had sufficient 

time and energy to read through the instructions as carefully as recommended nor test 

the technical use of ArcGIS Online beforehand. The teacher had used the two written 

instruction documents (A and B) but had not watched the video showing visually how 

to carry out the lesson (link in document A). 

Despite these challenges the learning activity itself was described as interesting and 

useful. The teacher said that the theme, background information and teacher’s 

instructions had worked well, as well as the two research questions that the activity 

was built around and that were answered at the end of the lesson. The teacher expressed 

great interest in utilizing similar materials and learning activities also in the future. 

The last questions in the feedback form concentrated on the teacher’s own views on 

how the material supported them personally in GIS education. The answers revealed 

that the teacher was overall content with their own GIS skills after instructing the 

lesson and did not feel that they necessarily needed any further support with GIS 
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education. It should still be noted, that during the interviews conducted earlier in the 

empirical problem analysis, the teacher already expressed themselves being relatively 

content with their own GIS skills. They stated that instructing the learning activity 

grew their own professional competence in GIS education but did not specify this 

further. When asked, if the activity could have supported the growth of their 

professional skills better, the teacher answered, “quite enough as it was”. Collecting 

these answers with a traditional interview instead of a questionnaire form would have 

allowed asking the teacher to elaborate these answers a little more.  

The teacher would gladly use ArcGIS Online again, as well as the whole learning 

activity developed around land cover change and water scarcity in Taita Hills. 

However, they noted two challenges with using ArcGIS Online in class. One is, that 

starting to use it for the first time with students takes time from teaching other topics. 

Secondly, the slowest students might get “stuck to tinkering” in ArcGIS Online to the 

detriment of the actual subject matter that should be learnt. Also, the feedback revealed 

that the teacher had used about 3-4 hours in preparation for the lesson, when their 

preferred time would be 1-2 hours. 

Based on this feedback the next version of the learning activity was modified in order 

to answer the following challenges: 

1. Teacher’s instructions were not clear enough on how to instruct the lesson. 

2. Preparations for the lesson took more time than expected. 

3. There was a need for clear and ready introduction to the theme in class before 

starting to work in ArcGIS Online. 

 

 

6.3 THE SECOND PRACTICAL TESTING 

 

The second version was simplified especially from a teaching standpoint, while the 

general content of the learning activity had stayed mostly the same (see Figure 5). 

Preparations for the lessons were made easier and faster to do. These modifications 

included clarifying the introduction document (document A), making teacher’s 

introductory video shorter and clearer (link in document A) and offering a new, 7.5-
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minute introduction video https://youtu.be/T6nAnykc5OQ (link also in document B) 

to show to students at the very start of the lesson. The video introduced students to the 

water theme, global distribution of water, Taita Hills area, land use and land cover and 

local climate conditions through photos and video clips shot in Taita Hills during 

fieldwork in August 2021. As the video included a lot of information the teacher did 

not have to remember as much background information as the first version possibly 

required. This video replaced the PowerPoint slideshow (appendix 4) used earlier and 

made the flow of the lesson smoother. The video also supported multimodal approach 

beneficial to learning covered in chapter 3.1. Integrating videos with GIS is beneficial, 

as they communicate even dynamic geographical scenarios naturally (Lü et al., 2019). 

The video was created carefully by taking into account the chapter on water in the 

course book used in the GE1-course, as well as information from the previous chapters 

the students had covered, setting the difficulty level and theory to an appropriate 

continuum. This supported the development of learners’ metacognition. 

Some additional modifications for the first version of the learning activity were, that 

the Excel spreadsheet for summing up the results of the GIS analysis on land cover 

change was completely pre-filled, so the teacher would not have to use time on filling 

it. The students were also offered written technical instructions similar to document B, 

incase following the teacher’s example only from the big screen would be challenging 

for some students. 

The lesson itself was instructed by a different teacher for a new group of students, but 

the setting of the testing was otherwise similar. Like before, the course was GE1 and 

the lesson was linked to the chapter addressing water, taking 90 minutes as well. The 

testing was done in November 2021. 

 

 

6.4 FEEDBACK AND DEVELOPMENT TARGETS FOR THE 

FUTURE 

 

Testing the second version of the learning activity was more successful and completed 

as intended. The modifications done to the teacher’s instructions and the activity itself 

https://youtu.be/T6nAnykc5OQ
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had removed nearly all the challenges that occurred during the first practical testing. 

Feedback was again collected on the feedback form. 

 

Table 2. Feedback on the learning activity after first testing. 5-point Likert scale used: 

1 = Strongly agree, 2 = Somewhat agree, 3 = Neither agree nor disagree, 4 = Somewhat 

disagree, 5 = Strongly disagree 

Instructions on the course of the lesson were clear 2 

I knew what to during the lesson and what are the learning goals 1 

The amount of guidance was sufficient 2 

Difficulty level of the activity was appropriate for the students 1 

The theme of the activity was interesting 1 

The learning activity supported the national core curriculum (LOPS) 1 

The length of the activity was suitable for the lesson 2 

Learning activity supported the learning goals set for it 1 

 

The answers in table 2 show the feedback on the instructions and the practical being 

positive. The theme was again found interesting, and the activity supported LOPS very 

well. The difficulty level, which was previously rated as 3, was now appropriate. As 

the analysis done in ArcGIS Online was the same as earlier, the improved rating was 

probably due to the fact that the lesson was this time instructed as recommended and 

following the instructions was easier for the students. Also, the teacher was more 

prepared for the lesson, as they had read all the instructions, watched the instructional 

video on the use of ArcGIS Online and completed the GIS analyses themselves before 

the lesson as practice. The length of the learning activity could have been still bit 

shorter. The teacher chose not to use a suggested web service, Flinga, for the 

discussion at the end of the lesson, as there was not enough time for this and students 

wanted to use more time on map analysis. The activity was still completed entirely as 

the things that were supposed to be covered in Flinga came up even without using it 

during other discussions:  

“We did not get to use Flinga. Students found analyzing land cover 

changes through maps interesting, so we used time for it. -- We talked 
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about the significance of vegetation, and it came up strongly already with 

the mapped data.” (C17) 

The instructions for the teacher on how to instruct the lesson were mainly clear but 

could have been simpler. It was suggested that the instructions could be combined into 

one package, as now they were in two different documents that also included links to 

the videos. The teacher said that the individual instruction documents (A and B) were 

clear, indicating that the initial confusion was due to the number of different 

instructions. The teacher had spent two hours in preparation for the lesson. In the 

feedback form they stated the desired time would have been one hour. 

The teacher rated the functionality of the introduction video that was shown in class 

as 1, in scale from 1 to 4, 1 being “was really useful” and 4 being “did not bring 

additional value”, so it was a good addition to the beginning of the lesson. The teacher 

said it was great and useful but wished it would have shown even more areas within 

each land cover class as well as more people, for example how people live and what 

towns and villages are like in Taita Hills. 

When asked about how well ArcGIS Online worked as a learning tool and learning 

environment the teacher said it had worked very well. Overall, they were happy with 

the learning activity despite not having time to use Flinga at the end of the lesson: 

“Actually, everything worked, although more time was taken up than 

intended, because studying land use change from maps and discussing 

the results took time.” (C18) 

When the teacher was asked whether the learning activity had increased their 

professional skills in GIS education, they answered that familiarizing with ArcGIS 

Online was very interesting. This shows again the one weakness of feedback forms, 

because there is not an immediate possibility to ask a question again and make sure a 

person answers exactly to what was asked, like during face-to-face interviews. The 

teacher wished for more support in GIS education generally and although instructing 

the learning activity successfully, expressed the need for more support so that they 

could use ArcGIS Online on their own if they wanted to cover other topics in the future 

with it. The teacher was still keen on using ArcGIS Online and the activity again in 

the future. The students had also liked the lesson: 
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“I collected feedback from the students, and they liked [the learning 

activity] a lot. They liked the alternation in learning methods and that 

they could make the activity at the same time with the teacher. Similar 

exercises could be made on other subjects as well. “ (C19) 

Overall, practical testing of the second version of the learning activity was successful 

and the teacher with students had found it interesting and enjoyable. A couple 

modifications for the possible future versions could be made in order to make it even 

better. 

Development targets for the future: 

1) More concise instructions - possibly combining different instruction 

documents into one. 

2) Adding more imagery to the video shown in the beginning of the lesson. It 

could show more areas from different land cover and land use classes, as well 

as how people live in Taita Hills. 

3) Discussion on the conclusions at the end of the lesson can be done without 

Flinga, so it could be removed. This also removes one extra step from teachers 

when they do not have to create a Flinga whiteboard before lessons if they are 

not offered a ready one. 
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7 DISCUSSION 
 

The aim of this thesis research was to answer the research question How can the 

learning activity support teachers with GIS education?. The following chapters 

evaluate these possibilities and reflect on the new theory that the study result provide 

on the subject. 

 

7.1 RESEARCH-BASED LEARNING ACTIVITY IN 

SUPPORTING TEACHERS WITH GIS EDUCATION 

 

GIS education in schools has been argued for example with the following four reasons: 

1) GIS enables students to study local issues in-depth, 2) GIS is a very powerful tool 

to model environmental change and possible solutions, 3) Utilizing technology in 

studying meaningful issues increases student motivation toward geography, 4) 

Students that have gained familiarity with using technologies early on are more tendent 

to use and learn them in their future studies and work life (Keiper, 1999; Lember & 

Stoltman, 1999; as cited in McClurg & Buss, 2007). Also more recent studies 

recognize these advantages in using GIS in education (e.g. Lü et al., 2019; Kerski et 

al., 2013; Rød et al., 2010). It is emphasized that when used successfully GIS has great 

potential to support development of geographical thinking in many ways as it makes 

it possible to model, visualize and analyze complex interrelationships and processes. 

Additionally, using GIS requires students to engage in active learning due to its’ 

interactive nature. Interactivity with learning material and freedom over choices 

increase student autonomy which, in turn, increases motivation to learn leading to 

better learning results (Ryan & Deci, 2017). GIS also supports development of spatial 

thinking skills which is one of the most important learning objectives is geography 

education (Wakabayashi & Ishikawa, 2011). Enough good quality learning materials 

should be provided to teachers to help teaching these skills (Subhani, Utaya & Astina 

2017). 

Despite its’ many benefits, GIS is only one part of geography education and it should 

be applied only when it is pedagogically reasoned. The use of technologies should not 

compromise development of deeper geographical understanding (Tani, 2017). 



56 

 

Additionally, projects like inquiry-based regional research projects with GIS can be 

rewarding and enjoyable from a learning perspective, but teachers might find their 

instruction quite stressful as they do not have a clear, predetermined structure (Day, 

2012). Different methods and tools are suited to teaching different topics, and teachers 

have a lot of responsibility in finding and choosing those relevant methods and 

materials, which requires them to have adequate professional competence (Ardiawan, 

2017). Professional competence and skills can be improved through training courses 

and activities. 

Theoretical problem analysis and research interviews revealed that despite 

advancements in easy access to spatial data, lower-cost hardware and web-based GIS, 

long-term implementation of GIS education in classrooms is very limited (e.g. Collins 

& Mitchell, 2019). This is because there are still a few significant challenges teachers 

encounter in GIS education. Main challenges relate to time constraints that limit 

available time for teachers to learn GIS themselves and create materials and activities 

for lessons. Research interviews revealed Finnish teachers also needing more technical 

support that would help them on a practical level to teach curriculum-tied topics easily 

with GIS. This is something where several earlier GIS training courses, that teachers 

had attended, had been unsuccessful. As a design solution to these challenges a 

research-based GIS learning activity was created. The research results of this study 

suggest that providing teachers this material has potential to support them with GIS 

education and to remove some mentioned, common challenges. 

Providing teachers the new GIS learning activity that is carefully tied to the learning 

objectives in the national core curriculum and that is designed to be easily executed 

during one lesson offers them a more stress-free approach to applying GIS into 

teaching in a meaningful way. Meeting curriculum goals is very important in creating 

new educational GIS materials (Järvinen et al., 2019; Rød et al., 2010). This was done 

successfully as both teachers agreed that the practical supported learning objectives in 

LOPS. The developed practical is connected to water theme that is studied during GE1 

-course in all Finnish high schools and this clear connection means that it does not 

waste time by being a disconnected activity or otherwise irrelevant to the course. The 

activity supports formation of more in-depth understanding of human impact on water 

cycle and its’ connections to surrounding ecosystems. Understanding these complex 

relationships is one of the most central skills geography education aims to teach. 
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This learning activity was possibly more successful in giving teachers very practical-

level support compared to some past GIS teacher trainings that have concentrated 

almost solely on the technical aspects of using a GIS software, such as MapInfo or 

ArcGIS Desktop, but that have not created connections to the syllabus or offered ready 

materials that could be immediately implemented to classroom use. Interviews showed 

that some teachers had previously participated in training courses that had taken 

multiple hours over several weeks or even months, but even after attending them they 

had felt uncertain about applying their skills to teaching and staring GIS projects with 

students. This shows that those training courses had not been successful in offering 

practical enough support, which is something this learning activity was designed to do. 

During practical testings the first teacher had used about 3-4 hours in preparation to 

instructing the GIS lesson, which was more than intended and revealed that 

instructions should be simplified and design improved. After some modifications this 

time was cut down to two hours with the second teacher. After only those two hours 

of practice and preparation the teacher was able to instruct a lesson where they used a 

new GIS service, performed quantitative analysis on the data and analyzed results. 

Considering that the topic was also tied to the syllabus, and it built on themes the class 

had studied earlier during the course it is possible to say that this type of GIS teacher 

training is time-efficient while offering very practical and useful materials and skills 

that are readily applicable to teaching.  

Based on the feedback, the teacher’s instructions could have however been simpler 

and combined into one document to avoid any confusion, because now there were two 

instruction documents including two video links, although their use was intentionally 

divided between pre-lesson use and use during the lesson. This is something that will 

be taken into consideration when the next version of the learning activity is developed 

in the future. One other thing that could have removed some challenges especially 

during the first practical testing would have been involving teachers more in the design 

process. Now the general structure and theme was discussed with them, but more 

detailed planning together could have been useful, although this also requires time and 

some extra effort from teachers. 

Long-term success of this type of support by instructing the practical cannot be 

evaluated as this would require further longitudinal research to examine whether the 
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teachers have continued using the material and ArcGIS Online in their lessons after 

the first testings. Using the service more creatively and independently would also 

require learning to use other tools and features that were not included in this material. 

Studying the long-term success of the practical would be a possible, important topic 

for future research which could develop efficient training with practical support even 

further. Nonetheless, there is still great potential with long-term use, as the two 

teachers that tested the learning activity stated being interested in using the material 

and ArcGIS Online again and had overall positive attitudes toward the experience. 

They had also learned the very basic features of ArcGIS Online which can lower the 

threshold of exploring its’ other features more independently in the future. Feedback 

given by the teaches showed that similar materials on other topics would be useful and 

there is a demand for them. Continued and versatile use of ArcGIS Online with 

different learning activities would be necessary considering long-term use, because 

this would help them with remembering how to use the service and not discard it due 

to infrequent use.  

Previous studies suggest that teacher education should have a balance between training 

that provides clear examples of how to use GIS in class as well as exercises that 

challenge participants to learn at a higher, more abstract level so that they can transfer 

their knowledge to new contexts (Bednarz, 2004). This prevents them from becoming 

reliant on ready instructions (MaKinster et al., 2014). Providing teachers with a few 

different ready learning activities that also use ArcGIS Online would help them build 

on their previous experiences and teach to use the service more creatively. Here this 

could mean that after completing the GIS learning activity created in this study the 

teachers could use for example the ready exercises provided by Esri and do 

independent exploration thus continuing to learn and strengthen their skills. 

One other advantage of the learning activity was using web-based GIS, ArcGIS 

Online, with preprocessed data that was already included in the service. This lowers 

the initial threshold of starting to use it for the first time as well as its’ later use, as any 

software installations, updates, data searching online or map layer imports to a 

software are not required, making preparations much easier. This is vital as scarcity of 

time was the biggest factor limiting the use of more advanced GIS in class. This ease 

of use removes many challenges mentioned during the interviews. ArcGIS Online also 

makes it possible to share data sets and map layers with teachers and students without 
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any extra work as they are published and shared already inside the service. 

Additionally, the service is easily accessible from any computer with internet 

connection which is a great advantage over desktop software that are installed on 

selected computers, especially if they require using a user license. This brings teachers 

flexibility to choose where they practice using the service, and in this research’s 

context, the learning activity, as they are not tied to using school computers.  

Future use of ArcGIS Online is also made easier because it includes a large internal 

collection of ready-made resources and maps layers, such as terrain models, 

biodiversity hotspots, recent earthquakes and USA transport noise layers. When 

teachers get comfortable with ArcGIS Online, they can use these different map layers 

creatively in teaching a variety of topics in their geography courses, and if they want, 

there is still a possibility to import new map layers into ArcGIS Online so the use is 

not limited to the pre-existing data sets. These findings are in line with previous 

research that suggest that the future of GIS education in schools is particularly in web-

based GIS (Riihelä & Mäki, 2015; Kerski et al., 2013; Rød et al., 2010). This is because 

online tools enable ease of use, free and broad access and they also support equality 

between schools and students (Riihelä et al., 2015). 

Using the GIS learning activity that is based on real world university research as part 

of teaching supports the national core curriculum. LOPS mentions that high school 

education should utilize materials, expertise and facilities of universities. This 

promotes synergy, as universities have a possibility to gain more applicants as their 

studies and research get more recognition and schools get outside support and valuable 

inputs from various experts. Collaboration with universities enables more advanced 

GIS education in high schools as using their resources and getting support from them 

offers solutions to many GIS related challenges. 

The results do not tell how much teachers’ GIS skills had improved after instructing 

the lesson. This examination would require carefully defining how to measure GIS 

skills and choosing the context and software they would be tested in. Afterall, GIS 

skills consist of multiple different methods, analysis and visualizations skills, problem 

solving skills and so on. Overall, the study results still suggest that offering high school 

geography teachers this research-based learning activity has potential to support them 

with GIS education as it provides solutions to many challenges that teachers generally 
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encounter relating to in. Feedback was mainly very positive especially on the second, 

improved design of the material and both teachers expressed interest in future use of 

it as well as similar activities on different topics. According to the second teacher, the 

final student feedback on the activity was also very positive, and as high school 

education is ultimately about educating the students, it is essential that they get positive 

experiences with learning and gain familiarity with research in geography. This can 

promote general appreciation of natural sciences and geographical research, and 

develop scientific literacy.  

 

 

7.2 RELIABILITY 

 

Design-based research has received concerns over its’ reliability, as it lacks established 

methods and results do not have statistically determined confidence levels (Edelson, 

2002). Often there is a lot of data that is collected from various sources, which creates 

challenges with objective analysis (Pernaa, 2015). Qualitative research generally 

requires careful planning and execution because the researcher is working more 

closely with the study subject compared to quantitative research (Tuomi & Sarajärvi, 

2018). These things should be taken into consideration throughout the study and they 

should not affect reliability of results as long as the researcher is aware of them. 

Evaluation metrics for design-based research are different from traditional empirical 

research (Edelson, 2002). In addition to creating a context-specific design solution, 

design-based research offers new and useful theory that can be generalized, and 

important evaluation metrics relate to novelty and usefulness of the results. Common 

metrics evaluating the reliability of qualitative research that can be applied to design-

based research as well are credibility, transferability, dependability and confirmability 

(Tuomi & Sarajärvi, 2009). These different areas of reliability can be assessed from 

examining the openness and documentation of the research. Documentation should 

include careful description on what has been done, how and why. The cyclic nature of 

development, repeated evaluation and testing in authentic, real-world environments 

strengthen the reliability. 
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One area that could have been improved considering reliability is the use of feedback 

questionnaire forms that the teachers used after practical testing. As mentioned earlier, 

the teachers did not answer couple of the questions quite as intended which could have 

been avoided if for example normal interviews had been used instead. The first teacher 

had also not instructed the lesson quite as suggested, which affected the results. This 

shows that design-based research is susceptible to unexpected challenges that are 

caused by complexity of real-world situations and their resistance to controlled 

experiments (Collins et al., 2004).  

Overall, different areas of reliability have been considered in this study by 

documenting each step of the design process, and decisions made throughout the study 

have been reasoned and explained in detail. The multimethod approach that includes 

empirical and theoretical problem analysis as well as practical testing of the design 

solutions though a cyclic process strengthens the confidence of study results. If the 

practical would be tested with more teachers with varied GIS skills it would strengthen 

the reliability even further.  

 

 

7.3 RELEVANCY AND FUTURE 

 

This thesis research provides wider practical educational value as it offers a new 

learning activity for high school geography GIS teaching. Even though the practical 

testing was done only in one high school, the study results give suggestions on how 

different teachers could gain practical benefits from utilizing this learning activity 

themselves. It also shows that similar materials that are connected to the syllabus, are 

easy to implement to classroom use, and take only one lesson from the course are 

needed and would greatly help teaching with more advanced GIS. 

One version of this learning activity is currently in use in science lab Geopiste in UH. 

High school teachers with their students can visit Geopiste virtually or on the Kumpula 

campus and are instructed through the practical by a Geopiste instructor. In the future, 

an improved version of the learning activity is supposed to be shared through Geopiste 

so that any teacher could utilize it on their own. This would be in line with UH Strategy 

2021-2030 as it promotes openness of learning environments and content. Extra 
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materials, related research, videos and photographic materials shot during the 

fieldwork period can also be shared alongside with the learning activity. One possible 

future use for the material could be that it could serve as an introductory project before 

schools visit the Taita Research Station. Offering high schools possibilities for 

collaboration with higher education institutions such as universities is necessary, 

because this kind of cooperation is required from upper secondary education (Sections 

13(3) of the Act on General Upper Secondary Education 714/2018.) 

Dissemination is possible to an even wider audience as part of LUMA Taita -project, 

that will promote science education internationally, specifically in Taita Taveta 

County through the research station. The GIS practical is currently in Finnish but can 

be translated into English so that high school teachers abroad could utilize it as well. 

The theme of the learning activity would be very interesting and motivating to high 

schools in Taita Hills, as students could conduct research with spatial data from their 

own surroundings. Using ArcGIS Online in schools outside Finland is also possible, 

as Esri provides GIS software and web GIS in many countries, Kenya included.  

 

 

8 CONCLUSIONS 
 

This thesis research examined the challenges high school teachers encounter in GIS 

education and evaluated through a cyclic design process how those challenges can be 

overcome. Examination revealed that there is a great need for very practical and time-

efficient training that supports the national core curriculum and is easily applicable to 

classroom use. The study results suggested that providing teachers a research-based 

GIS learning activity can help with meaningful GIS teaching by offering them a low-

threshold introduction to using more advanced GIS in schools. Having access to ready 

and thematically relevant materials is a useful alternative to traditional, time-

consuming GIS training courses as often there is no time or resources to attend longer 

courses. 

As stated earlier, more research on the topic of time-efficient and practical level GIS 

education support is needed, and long-term success of different courses and training 
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should be examined carefully, as teachers still struggle to implement GIS to teaching. 

Creating more knowledge on what kinds of topics are useful to teach with GIS and to 

what extent is equally important so that the use of GIS in schools is meaningful and 

well-reasoned. Overall, producing GIS learning activities that develop spatial thinking 

skills, creative problem solving and scientific literacy as well as promote inquiry-based 

and collaborative learning is important to ensure that future work life has enough 

skilled people with good geographical thinking skills. This research produced one such 

learning activity which hopefully will help also teachers working in the field. 
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APPENDICES 
 

APPENDIX 1: INTERVIEW QUESTIONS 

 

Haastattelukysymykset lukion maantieteen opettajille 

(Interview questions for Finnish teachers) 

 

 

A) Taustatiedot: 

 

Ikä: 25–34, 35–44, 45–54, yli 55 

Kuinka pitkään olet toiminut maantieteen opettajana lukiossa? 

Mikä oli pääaineesi opinnoissa? 

Minä vuonna olet valmistunut maantieteen opettajaksi? 

 

B) GIS - kysymykset: 

 

1. Millaisena näet paikkatieto-osaamisen merkityksen ja GIS:n avulla 

oppimisen? 

2. Miten hyödynnät paikkatietoa ja opetat sen käyttöä omassa opetuksessasi? 

3. Missä asioissa kaipaisit tukea liittyen paikkatieto-opetukseen? 

4. Koetko, että sinulla on tarpeeksi tietoa lukion paikkatieto-opetuksen eri 

mahdollisuuksista? 

5. LOPS 2019 esim.: ”Maantieteessä keskeisiä arvioitavia taitoja ovat karttojen 

luku- ja tulkintataito, graafiset esittämistaidot sekä muut geomediataidot” – 

koetko, että olet opettajana saanut tarpeeksi koulutusta ja tukea, jotta voit 

vastata uuden LOPSin tavoitteisiin? 

6. Oletko osallistunut paikkatietokoulutuksiin? Ovatko ne olleet toimivia? 

7. Muuta.



 

 

Interview questions for Kenyan teachers 

 

A) Background questions: 

 

Age: 25–34, 35–44, 45–54, yli 55 

How long have you been working as a high school geography teacher? 

What was your major? 

What year did you graduate as a geography teacher? 

 

 

B) GIS education specific questions: 

 

1. What kind of education have you gotten in GIS? 

2. How do you see the role of GIS teaching and learning with GIS in high 

schools? 

3. Do you utilize GIS in your teaching? If so, how? If not, why? 

4. What kinds of challenges or needs of support you have in GIS education? 

5. Do you think you have enough knowledge on the possibilities of GIS 

education in high schools? 

6. Other..? 



 

 

APPENDIX 2: ORIGINAL CITATIONS FROM FINNISH INTERVIEWS 

 

C1: ”Et ei meillä koskaan budjetoida mitään lisäaikaa mihinkään suunnitteluun, et se 

on kaikki ylimääräistä työtä. Et perusperiaatehan opetusalalla on se, että opetus pyörii 

koko ajan ja kaikki ylimääräinen mitä tulee sen lisäks niin tehdään vapaa-ajalla.” 

C2: ”On se tosi haasteellista [jos pitää omalla ajalla opetella GIS:siä]. Kyllä sitä 

nykyisin arviointi on sellaista jatkuvaa, et ei oo mitään että loppukoe ja that’s it, vaan 

kaikkea arvioitavaa tulee lähes koko ajan ja arvioitavaa on aina, ja sit sen päälle kun 

suunnittelet oppitunnit, niin ei aika riitä siihen että rupea jotain täysin uutta 

rakentelee.-- Et on se harjoittelu omalla ajalla, ja jos ei haluu siihen omaa aikaa 

uhrata, niin sitten todnäk. ei niihin tutustu.” 

C3: ”Haluisin tietää, et mihin tasoon tällä yritetään tähdätä. Et kuinka paljon siihen 

käyttää aikaa, koska kuitenkin se aika on aika rajallinen resurssi kursseilla, ni tietäisi 

sen että paljon on käytettävissä aikaa ja paljon kannattais tehdä näitä juttuja.” 

C4: “Usein ongelmaksi jää se, et sä et välttämättä itse kerkeä tekemään niitä kaikkia 

tehtäviä itse etukäteen ja sit monessakaan ei oo mitään vastauksia tai edes sellasia 

suuntaa-antavia, niin sitten ei välttämättä uskalla ottaa valmista tehtäväpakettia, kun 

ei oo itse kerennyt tsekkaa et mitä ne vastaukset olis.” 

C5: ”Menetelmän opetus vie liikaa aikaa kurssilta. Et just kun paikkatieto 

menetelmänä se vaatis tavallaan aika ison osan kurssista, et pystyis opettaa oikeesti 

sitä menetelmää, sitä tekemistä, niin noilla kursseilla ei pysty nappaamaan sellaista 

aikaa siltä kurssilta.” 

C6: ”Aika on hirveen kortilla. Musta tuntuu että tässä vuosien mittaan vaan sisällöt 

on kasvanut, mutta aikamäärä on pysynyt samana, et vaikka haluiskin niin ei pysty 

sisällyttää kaikkii. Kollegoiden kanssa puhuttiin kun oltiin yhdessä mapinfo -

koulutuksessa sitä että ideat on kauhean kivoja, mutta mistä sellaisen ajan sitten 

tempoo kun teoriaakin täytyy käydä aika tavalla läpi. Se oli ihan hyödyllinen, mutta 

se, että vaikka hirveesti innostui niin siinä vaiheessa ei pystynyt käytännössä just sen 

ajanpuutteen takia ottamaan kaikkee ja sit tuli vähän semmonen turhautuinen ja sit 

se jäi ihan kokonaan kaikki. Ja koulutuksen jälkeen oli kuitenkin sellainen 

epävarmuus, että mitä tekee.” 



 

 

C7: ”Et sit meille saatetaan esitellä joku hieno juttu et tällaista voisi tehdä koulussa, 

ja sit sitä miettii ite koko ajan, et tohon tarvii ainekin neljä tapaamiskertaa kurssilta. 

Mulla ei oo sitä. Et se ei oo realistista.” 

C8: ”Kyllähän näissä kaikissa paikkatieto-ohjelmissa, et ne on vähän ammattilaisille 

tehtyjä juttuja, joissa ei oo vielä se että osais toimia vaistonvaraisesti, joku kohta on 

– epälooginen on väärä sana – mutta ei voi automaattisesti keksiä, et mitä nyt tässä 

pitäis seuraavana tehdä. Et ohjelmat on pikkusen sopimattomia toistaiseksi. Ainekin 

sillon kun mä oon niitä katellut, niin välillä oon ollut kattomatta, kun meillä oli 

välillä Linux-koneet, ni ne ei joka tapauksessa olis pyörineet.” 

C9: ”Sitä mietin just, et miten jää mieleen kun kerran opettelee, jos seuraavan kerran 

tarviit niitä vuoden kuluttua, niin onks se koko homma sujuvasti päässä. Et se on 

meillä ongelma et joutuu käyttää sen verran harvoin, et eihän ne pysy päässä ne 

jutut. Ja sit se et opettajia on erilaisia. Mä en oo mikään semmonen ihminen et mä 

viihtyisin elämääni näytön äärellä. En oo silleen orientoitunut et musta olis kiva 

ruveta opiskelemaan ja ottamaan jotain uusia juttuja itsekseni varsinkaan, kun usein 

se tökkään siihen et on yksi napoin painallus ja sit sä et pääse siinä yhtään 

mihinkään.” 

C10: ”Et suurin osa jää omalle vastuulle. Se on aika iso ongelma kyllä. Sitten jos 

tykkää ja olen itsekin sen verran tietokonenörtti itsekin ja tykkään itse väsätä ja 

yökaudet huhkia eli ei mitään hätää. Mutta mulla on kollegoita jotka ei kerta 

kaikkiaan että aika ei riitä tai ei oo sitten niin hyvin tietoteknisiä valmiuksia ja muuta 

intoa et jaksais väsätä, niin sitten on heikoilla jos ei mitään koulutusta saa.” 

C11: ”Kyllähän valmiit harjoitukset on tietysti aina helpompi ja erityisesti kaikista 

helpoin opettajalle käyttöönottoon on sellanen paketti, et on joku videotallenne missä 

neuvotaan miten sitä ohjelmaa käytetään. Sit sulla on joku tehtäväpaketti ja myös 

niihin tehtäviin vastaukset. Mut sehän olis täydellinen paketti opettajalle, et sellanen 

info-video, ja tehtävät ja vastaukset.” 

C12: ”Koulutus vois olla vaikka yhteinen zoom tai meet ja sit olisi erikseen video-

ohje. Olis kiva, et olis joku sellanen yks selkeä, hyvä koulutus missä sain yhden 

ohjelman käyttöön ja siitä valmiita työkaluja. Ja jos tietäis et se olis käyttökelpoinen 

jopa kolmen vuoden kuluttua. Se vois olla aika hieno juttu. Ja sit et ne esimerkit olis 

mitoitettu niin, et oikeesti pystyy ottamaan ne kursseilla käyttöön. Ja musta olis 



 

 

ihana ottaa ihan peruskursseilla käyttöön joku tollanen paikkatietoharjoitus 

esimerkiksi, joku interaktiivinen juttu.”  

C13: ”Varmaan alkuun sekä kirjallinen että video. Abitissa oli alkuun ihan kädestä 

pitäen ohjevideoita et niiden avulla pääsi tosi hyvin kärryille. Eli kirjallinen ja video 

tosi hyvät. Jos niiden jälkeen on tarvetta, niin voisi olla ihan face-to-face -juttu.” 

C14: ”Kyllä ne valmiit aineistot on siitä kivoja et kyllä toi aineistojen etsintä 

erityisesti karttapuolella on erittäin aikaakuluttavaa hommaa ja löytääkö sopivaa ja 

vaikka löytää, ihan pelkästään tilastoissakin, ni onko ne on sitten käytettävässä 

muodossa ni äkkiä menee aika paljon aikaa puuhatessa.” 

C15: ”Valitettavasti aikani ei lopulta riittänyt ennakkotestaamiseen, sillä 

harjoituksen ja sen valmistelun aikaan oli menossa yo-kirjoitukset ja useampia 

kokouksia + koulutuksia sekä samanaikaisesti hurja määrä opetettavia kursseja.” 

C16: ”Aikaa tässä ykkösperiodissa oli todella niukasti, sillä aikaa kului paitsi kuuden 

kurssin töihin että kaikkeen uuteen totutteluun (uuden OPSin kursseja, toiseen 

vaihdettu oppikirjakustantaja, uusi jaksojärjestelmä, uusi tuntikaavio jne.) ja 

lukuisiin kokouksiin.” 

C17: ”Flingaan asti emme ehtineet. Maankäytön muutosten analysointi kartoilta oli 

oppilaiden mielestä kiinnostavaa, joten käytimme siihen aikaa. -- Kasvillisuuden 

merkityksestä kyllä puhuttiin ja jo kartta-aineistojen avulla se nousi voimakkaasti 

esille.” 

C18: ”Oikeastaan kaikki toimi. Aikaa tosin meni aiottua vähän enemmän, koska 

maankäytön muutosten etsiminen kartoilta ja tuloksista keskusteleminen vei aikaa.” 

C19: ”Keräsin palautetta myös opiskelijoilta ja tykkäsivät kovasti. Tykkäsivät 

vaihtelusta työtavoissa ja pitivät siitä, että saivat tehdä harjoitusta opettajan kanssa 

yhtä aikaa. Vastaavia harjoituksia voisi tehdä muistakin aiheista



 

 

APPENDIX 3: ONLINE QUESTIONNAIRE FORM 

 

 



 

 



 

 

 



 

 



 

 

APPENDIX 4: POWERPOINT PRESENTATION FROM FIRST TESTIN



 

 



 

 

 


