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b University of Turku, Faculty of Education, Department of Teacher Education, Educarium, Assistentinkatu 5, 20014 University of Turku, Finland 
c University of Oulu, Faculty of Education and Psychology, Teachers, Teaching and Educational Communities Research Unit, PO Box 2000, 90014, Finland 
d University of Turku, Department of Geography and Geology, Natura, Vesilinnantie 5, 20014 University of Turku, Finland   

A R T I C L E  I N F O   

Keywords: 
Geomedia teaching 
Geomedia literacy and competences 
Digital competences 
Subject teachers 

A B S T R A C T   

This study examines Finnish geography teachers’ (n = 16) perceptions of the significance of geomedia and 
geomedia teaching. Thematic analysis was applied. The findings reveal teachers’ concerns about students’ 
cursory critical geomedia literacy as well as the potential of geomedia to enhance students’ management of 
information overflow. Teachers’ perceptions of digital geomedia teaching were diverse. The significance teachers 
associated with geomedia was not aligned with their perceptions of digital geomedia teaching. This study sug
gests that diversity and incoherence regarding teachers’ perceptions of geomedia should be addressed in teaching 
and teacher education research internationally.   

1. Introduction 

The ubiquitous digitalization of teaching in the past few decades has 
facilitated a global change in how teachers perceive and implement 
teaching in various subjects (Admiraal et al., 2017; Osborne et al., 2020; 
Walan, 2020). Web 2.0, in the form of digital technologies and infor
mation and communication technology (ICT), has increased interna
tional interest in how digitalization and technology can facilitate 
teaching in various subjects, including geography (Nagel et al., 2023; 
Osborne et al., 2020; Puttick, 2021). Concurrently, the rapid develop
ment and increased public use of geospatial technology (i.e., global 
positioning systems (GPSs), geographic information system (GIS), and 
remote sensing) have brought together the media, communication, and 
geography (Lapenta, 2011; Wilken, 2018). For example, social media 
posts include written or visual content for which the location is known. 
And for this reason, digital communication processes contain geospatial 
technology in the form of the geomedia produced by the public (Vogler 
et al., 2012). Similarly, it has been argued that successful teaching in the 
twenty-first century requires implementing instructional technology to 
provide today’s and future learners with the competences they will need 

to succeed in a high-tech, interdependent, and connected world (Curtis, 
2019; Fraillon et al., 2020; Sailer et al., 2021). However, international 
concerns about the digital competences of teachers and students in the 
school context have led to recommendations on the part of organisations 
and authorities (see e.g., European Commission, 2019; OECD, 2023; 
Vuorikari et al., 2022), as well as researchers (e.g., Falloon, 2020; 
Hatlevik et al., 2015), to facilitate teachers’ and students’ digital 
competences. 

Undoubtedly, digitalization has changed teaching at global, national, 
and local levels. Digitalization has also allowed the benefits of geomedia 
use in geography education (Anunti, 2020; Anunti et al., 2023; Nilsson & 
Bladh, 2020), as well as in other subjects and multidisciplinary educa
tion (Atteneder & Herdin, 2020; González, 2012). However, geomedia is 
a relatively new concept, and therefore, it has not yet been completely 
defined (Hilander, 2016, 2017; Hynynen et al., 2022; Lapenta, 2011). 
Some researchers suggest that the term “geomedia” refers only to digital 
tools, applications, software, and information with a geographic refer
ence, that is, a location- and/or spatially based reference (Lapenta, 
2011; Vogler & Henning, 2013). Other researchers advocate for a more 
extensive definition of “geomedia”, one that includes all types of written 
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and visual media that are connected to a certain place or location, 
including maps, statistics, charts, photos, pictures, and videos (Fast 
et al., 2018; Gryl et al., 2014; Gryl & Jekel, 2012). In this study, we 
followed the broad definition of “geomedia” mentioned above. We also 
rely on perhaps the most uncomplicated definition, where “geomedia” is 
considered as the integration of a spatial reference and information 
(Vogler et al., 2012). Regardless of how “geomedia” is defined, it re
quires gathering and presenting geographically referenced information 
and data, which now often concern global phenomena and exist in a 
digital form (Anunti, 2020; Anunti et al., 2023;Schulze et al., 2015). 
Accordingly, the digital competences of both teachers and students are 
crucial (Hatlevik et al., 2015; Sailer et al., 2021; Vajen et al., 2023). 

Because the concept of geomedia is still under debate in educational 
contexts internationally and very few studies address the significance of 
geomedia in education (see Wolff-Seidel & Budke, 2022), we explore 
geography teachers’ perceptions of the significance of geomedia and 
digital geomedia teaching. Teachers’ perceptions regarding the signifi
cance of geomedia and digital geomedia teaching are essential for in
ternational teaching and teacher education research because ubiquitous 
digitalization and information overflow require diverse interpretations 
of media sources, including location-based media. In using the term 
“digital geomedia teaching”, we refer to both teaching with digital 
geomedia and teaching about digital geomedia. We focus on digital 
geomedia, as digital competences are crucial for contemporary and 
future teaching and learning in schools, including teacher education, 
internationally (Curtis, 2019; Nagel et al., 2023; Sailer et al., 2021). We 
chose this focus because gathering, analysing, and critically evaluating 
online information can be challenging for young people (Anunti et al., 
2023;Fraillon et al., 2020). Therefore, our guiding research questions 
are as follows: “What are teachers’ perceptions of the significance of 
geomedia?” and “What are teachers’ perceptions of digital geomedia 
teaching?” 

In the following sections, we will first provide the conceptual 
grounding for our study to better introduce the novel concept of geo
media and then show how geomedia has been applied in education. We 
will then briefly introduce the context of the study, that is, the Finnish 
educational context. This is then followed by a thorough introduction of 
the participants and data-gathering process. In explaining our findings, 
we focus on teachers’ diverse perceptions of the significance of geo
media and teaching with digital geomedia. Finally, we provide a dis
cussion, consideration of the limitations of our study, and concluding 
remarks about geomedia. By these means, we wish to contribute to the 
international discussion of how location-based media can be utilized in 
teaching and teacher education in various contexts globally. 

2. Context of the study 

For this study, which is situated in the context of Finnish geography 
teaching and teacher education, the broader definition of “geomedia” is 
significant because it corresponds with the references to geomedia in the 
Finnish National core curriculum for basic education (FNBE, 2016a) and 
upper-secondary school (FNAE, 2020). In the Finnish educational 
context, subject teachers are required to complete a master’s-level de
gree in their respective major subjects, including teacher education 
studies. In lower-secondary schools, they teach grades 7–9, the final 
grades of basic education, in which the students are between 13 and 15 
years old. Subject teachers also teach in upper-secondary schools (stu
dents are ages 16–19), which typically lasts 3 years and concludes with 
the completion of the Finnish Matriculation Examination, the dominant 
large-scale summative assessment of learning outcomes. 

The geomedia concept was introduced in the curriculum for basic 
education in 2014 (FNBE, 2016a) and for upper-secondary schools in 

2016 (FNBE, 2016b). It is important to note that in Finland, the intro
duction of the concept of geomedia to both the basic education curric
ulum (FNBE, 2016a) and the upper-secondary school curriculum (FNBE, 
2016b) was unforeseen and confusing for teachers, leaving them to 
define “geomedia” (Hilander, 2017). For example, Hilander (2016) 
points out that most teachers thought geomedia referred only to digital 
sources. Also, Hynynen et al. (2022) reveal that for teachers, the defi
nition of geomedia is not straightforward. Only about one-quarter of 
teachers in their study (n = 20) used the concept in teaching. 

The current curriculum for upper-secondary schools describes geo
media as geographic ways of gathering and presenting information, such 
as maps, geographic information, diagrams, pictures, videos, written 
sources, media, and oral presentations (FNAE, 2020). In contrast, the 
curriculum for basic education (FNBE, 2016a) only describes geomedia 
as content, sources, and skills, though it does not provide a definition. In 
the curriculum for upper-secondary school (FNAE, 2019), the gathering 
of information refers to students’ use of critical literacy skills in inter
preting, analyzing, and evaluating geomedia content related to various 
geographical phenomena, such as population growth, climate change, 
agricultural issues, the scarcity of natural resources, and conflicts. The 
presentation of information refers, for example, to producing maps using 
geospatial technology or producing charts using statistical programmes, 
such as Microsoft Excel. However, the information may be presented on 
paper maps and charts as well. Thus, the curricula point towards the 
wider definition of geomedia, one in which the skills and competences 
include critical geomedia literacy, as well as producing and presenting 
information with geographic references (see also, Anunti et al., 2018; 
Muukkonen et al., 2022; Nilsson & Bladh, 2020). 

3. Conceptual framework 

3.1. The concept of geomedia 

As a broad concept that includes digital tools, applications, infor
mation, and data, as well as other written, visual, and audio information 
with geographic references (Anunti, 2023; Atteneder & Herdin, 2020; 
Fast et al., 2018), the concept of geomedia provides a multidimensional 
approach for teaching. It can serve as a method of producing 
location-based information, such as maps, statistics, and charts (Fast 
et al., 2018; Gryl et al., 2014; Gryl & Jekel, 2012). At the same time, 
geomedia can serve as content (e.g., maps, statistics, charts) of teaching 
(Gryl et al., 2014; Vogler et al., 2012). The broadness and versatile 
possibilities of implementing geomedia in teaching can thus explain, to 
some extent, the ongoing debate over the concept of geomedia (cf. Gryl 
& Jekel, 2012; Lapenta, 2011; Vogler & Henning, 2013). Furthermore, 
as a broad concept, geomedia is aligned with geospatial technology, 
which includes additional teaching tools, applications, and software, 
such as GPS, GIS, remote sensing, and Google Earth (see, e.g., Collins, 
2018; Curtis, 2019, 2020; Nilsson & Bladh, 2020). However, because it 
is based on technology, geospatial technology may have narrower pos
sibilities for educational use. In contrast, geomedia allows teachers to 
navigate towards the most relevant sources of either digital or other 
location-based media (Nilsson & Bladh, 2020). For this reason, geo
media is substantially helpful in teaching not only geography but also for 
other subjects, such as history (e.g., historical maps), biology (e.g., 
thematic maps of vegetation cover), health education (e.g., statistics on 
obesity or malnutrition in a population), or literature (e.g., a novel with 
location-based references; Gryl et al., 2014; Vogler et al., 2012). 

Due to the potential to apply geomedia in teaching various subjects 
and the broadness of the information and the methods it includes, 
Anunti (2023) and Hintermann et al. (2020) have proposed that geo
media is particularly suitable for supporting students’ critical literacy. 
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Similarly, Schulze et al. (2015) emphasize that digital geomedia should 
be taught within a multidisciplinary framework to encourage the 
development of competences in critical literacy. In this study critical 
literacy concerns enabling students to read and interpret printed and 
digital sources of information in relation to the exercise of power, the 
practices governing the everyday life of societies, and access to knowl
edge (Janks, 2013; Luke, 2012, 2013). Due to the broadness of what 
geomedia is, it can also be seen as providing a gateway to students’ 
critical literacy in their encounters with location-based information. 
Furthermore, critical geomedia literacy can thus be conceptualized as 
students’ ability to critically analyse and evaluate various kinds of 
geomedia (Dando & Chadwick, 2014). Finally, a more pragmatic 
perspective on how we conceptualize critical literacy and critical geo
media literacy in our study is derived from the European Union Dig
Comp framework (Vuorikari et al., 2022). It states that digital 
information and data literacy include the ability to critically evaluate 
the credibility and reliability of sources of data, information, and digital 
content. 

3.2. Geomedia and its use in education 

Wolff-Seidel and Budke (2022) discovered that student-produced 
digital geomedia supported students in making their points more 
clearly, for example, by developing their argumentation skills. Geo
media technology was also found beneficial in an intercultural context 
because exchange students’ cultural competence was supported by using 
geomedia (Atteneder & Herdin, 2020). Additionally, as a 
socio-technological affordance, geomedia allowed students to navigate 
various cultures and supported their independence and feeling of safety 
while abroad (Atteneder & Herdin, 2020). Geomedia has also been 
found to be beneficial for both students and teachers in terms of un
derstanding the challenges and solutions regarding sustainability 
(González, 2012). Clearly, the benefits of geomedia teaching include the 
fact that it promotes student skills, competences, and understanding in 
multidisciplinary contexts. However, according to teachers, students 
may have deficits in technical knowledge, in presenting digital geo
media in written form as well as lack a critical approach when using 
digital geomedia (Wolff-Seidel & Budke, 2022). On the other hand, ge
ography teachers prefer to use digital geomedia with themes involving 
the repetitive learning of the names of places, whereas geographical 
themes requiring deeper disciplinary content knowledge were generally 
taught without digital geomedia (Nilsson & Bladh, 2020). 

Previously, various pedagogical methods, including the portfolio 
model and inquiry-based teaching, have been implemented to study the 
gathering and presenting of geomedia among Finnish upper-secondary 
school students and pre-service geography teachers (Anunti et al., 
2018, 2020; Anunti et al., 2023). These studies have revealed that 
geomedia teaching has the potential to promote students’ GIS compe
tences (Anunti et al., 2018), sustainability competences (Anunti et al., 
2023), and powerful knowledge in geography (Biddulph et al., 2020; 
Virranmäki et al., 2019). Anunti et al. (2018, 2020) and Anunti et al. 
(2023) highlight that upper-secondary school students prefer to rely on 
teacher-selected sources of geomedia, which emphasizes that students 
require teachers’ support in searching for information. 

In the context of teacher education, Schulze et al. (2015) recom
mends that teacher education should promote teachers’ professional 
competence in digital geomedia because it can empower young people 
to participate in society. They also state that given the development of 
geospatial technology, along with the possibility of sharing 
location-based information online, the expert-based view of GIS 
currently prominent in education should be replaced with the 
non-expert use of digital geomedia in schools (Schulze et al., 2015). 
Therefore, technical skills like the ability to use certain (GIS) software 

are essential for learners but are not the only aim of geomedia education 
(Gryl et al., 2014). This notion is aligned with the findings of Fernán
dez-Batanero et al. (2022), who specify that in attempts to develop 
students’ digital competence, teacher education should focus on peda
gogical, rather than technological, factors to promote students’ mean
ingful learning (see also Nagel et al., 2023). 

4. Methods 

4.1. Participants and data gathering 

The data collection followed the protocol of Finnish National Board 
of Ethics in Research (TENK, 2019). The consent of each participant was 
obtained before the interviews, and participants were informed that 
they could withdraw from the interview at any point. Furthermore, to 
build trusting relationships with the participants, the entire 
data-collection procedure and the questions of the interview were 
described to the participants beforehand. The anonymity of the partic
ipants was carefully maintained by referring to the participants only 
with numbers (Cohen et al., 2018). 

The data consist of sixteen (n = 16) geography subject teachers’ 
interviews. The interviewed teachers taught geography in lower- 
secondary schools (n = 5) or upper-secondary schools (n = 11). All 
teachers had more than 5 years and up to 35 years of experience in 
teaching geography, and some had experience spanning both educa
tional levels. For the purposes of this study, the teachers were asked, for 
example, about how they understand the concept of geomedia, the 
significance of geomedia teaching for them, and their own digital geo
media teaching practices. The entire data collection procedure was 
conducted by Author 2 and Author 3, and the data collection continued 
until saturation was reached, meaning that new information was not 
obtained from additional interviews (Cohen et al., 2018; Onwuegbuzie 
& Leech, 2007). The data collection was initiated by personally inviting 
teachers we knew through personal connections and networks. In 
addition to personal invitations, we sent general interview invitations to 
teachers through various channels, including social media. There were 
no responses to the general invitations, and a few personally invited 
individuals declined to participate in the interviews. 

The interviews were conducted remotely via Microsoft Teams calls in 
the spring of 2021. The semi-structured interview principles were 
applied because they allowed for variation in the order and emphasis of 
pre-set questions, as well as the introduction of additional questions 
(Atkins & Wallace, 2012; Cohen et al., 2018). This method also allowed 
teachers teaching at either the lower-secondary or upper-secondary 
level to approach geomedia education from their perspectives. The 
entire interview consisted of eight themes and 36 questions (Appendix 
1), and the interviews lasted from 1 h 15 min to 2 h 30 min. The teachers 
had varying levels of geomedia proficiency, and their responses were 
rich and diverse. During the interviews, we acknowledged that our po
sitions as researchers and teacher educators could constrain some 
teachers from sharing their perceptions. Hence, the teachers were 
encouraged to speak as openly as they wanted about their experiences of 
teaching with geomedia. This was done to maintain trustworthy re
lationships with the participants. 

4.2. Data analysis 

To analyse our data, we applied inductive thematic analysis. The 
chosen method offered an effective and flexible approach via which to 
analyse qualitative data in an intentional manner by identifying themes 
and patterns (Braun & Clarke, 2006, 2019, 2020). We focused on those 
parts of the dataset that directly related to our research questions. We 
will next clearly indicate which approaches were used in our inductive 
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thematic analysis, and then, we will reveal how we conducted the 
analysis. 

Our data analysis began with transcribing the entire dataset (n = 16), 
which was conducted by the Author 4. Following Braun and Clarke’s 
(2006) phases of thematic analysis, Author 1 first familiarized herself 
with the entire dataset by reading it several times. Based on this careful 
and repeated reading, Author 1 conducted the second phase of analysis 
and created the initial codes by systematically coding the relevant parts 
of the dataset. These initial codes of interest indicated the most essential 
information in the entire data and were relevant to the research ques
tions (Boyatzis, 1998). At this point, researcher triangulation was con
ducted by Authors 2 and 6 to ensure diversified observations (Carter 
et al., 2014). The codes were then translated into English by Author 1, 
and the accuracy of this translation was then examined and approved by 
Authors 2 and 6. Once the translation was complete, Authors 1 and 5 
conducted the third phase of the analysis, searching for themes. Here, 
Authors 1 and 5 collated all the initial coded data extracts to themes by 
creating two tables, which ultimately became the tables that we pre
sented as part of our findings. Subsequently, the two main themes were 
created, namely the teachers’ perceptions of the significance of geo
media and teachers’ perceptions of teaching with digital geomedia. In 
the fourth phase of analysis, the reviewing of the themes, we discovered 
that the data extracts within both main themes formed coherent patterns 
(Level 1, see Braun & Clarke, 2006), and we were able to create 
sub-themes. While reviewing these sub-themes in relation to the entire 
dataset (Level 2, see Braun & Clarke, 2006), we discovered that they 
comprehensively reflected the entire dataset. To ensure the accuracy of 
our analysis in the fourth phase, we again conducted the researcher 
triangulation by Authors 1, 2, 4, 5, and 6. From here, Author 1 pro
ceeded to the fifth phase, defining and naming themes and subthemes. The 
sixth phase, producing the findings, was conducted by Authors 1, 2, 5, and 
6. To ensure the transferability of our findings, thick descriptions of 
teachers’ perceptions were included. Moreover, to ensure the credibility 
and validity of the data analysis, we have presented the phases of our 
analysis in which researcher triangulation was conducted. Finally, the 
confirmability of our analysis was addressed by transparently describing 
the phases of the analysis. 

5. Findings 

In what follows, we will present the teachers’ perceptions, firstly, 
those related to the significance of geomedia (Table 1) and, secondly, 
those related to digital geomedia teaching (Table 2). These two main 
themes include sub-themes, and we present the most informative and 
detailed data excerpts from each sub-theme to enable us to further 
discuss the matter in the light of in- and pre-service teacher education. 

5.1. Teachers’ perceptions of the significance of geomedia 

We discovered three sub-themes that represent the teachers’ per
ceptions of the significance of geomedia (Table 1). These sub-themes 
reveal that teachers perceive the significance of geomedia from 
diverse viewpoints, including conceptualizing and interpreting 

information overflow and reinforcing the knowledge base. 

5.1.1. Significance of geomedia as a multidisciplinary conceptual tool 
The significance of geomedia as a multidisciplinary conceptual tool 

was highlighted by the all-encompassing nature of geographic and 
location-based information currently, as demonstrated by Teachers 3 
and 8: 

It (geomedia) is a good concept, kind of an umbrella concept for all 
geographical data … One has surely witnessed the significance of the 
geographic information during the last few decades, merely [based on] the 
growth of the significance of cartographic information … How it is 
ubiquitous in all fields of society and everyday life, in all applications you 
open, and in different fields of professions and how significant it has 
become. So, surely, it is significant that you create the basis for it in the 
school world. (Teacher 3, Upper-Secondary School [USS] and Lower 
Secondary School [LSS]) 

It (geomedia) is essential since location-based information has increased 
tremendously over the past two decades. [Consider] all these applications 
and visualizations and how the concept of visual information has 
expanded over the past decades. All the graphs and visual elements, an
imations, and interactive maps have increased tremendously, so one must 
know how to use them … (Teacher 8, USS) 

Because of the increase in geographic and location-based informa
tion, Teachers 3 and 8 value geomedia because it provides the students 
with a means of considering and using this multidisciplinary informa
tion and related applications. Teachers 3 and 8’s perceptions reveal that 
the noticeable growth of location-based information and related digital 
technology advances require that they should be considered in schools 
to provide students with the basic understanding and competences 
needed to use them. Here, the significance of geomedia stems from the 
demands of societal changes, not the demands of the geography 
discipline. 

5.1.2. Significance of geomedia in enhancing critical literacy and 
interpretation 

Geomedia was seen as crucial to students’ interpretation skills and 
critical literacy. For example, Teachers 2 and 5 emphasized this by 
contrasting interpretation skills with the digital production of geomedia. 

I think the most important thing in it (geomedia) is to interpret different 
kinds of data and material so that one can interpret things because they 
(students) face that all the time no matter what media service they open. 
[…] I think making those charts (digitally) is not as important. I mean it is 
a skill per se, but I think interpreting means that one can make conclu
sions (about charts) and critically evaluate those conclusions. (Teacher 
2, LSS) 

[…] I think it (interpreting) is the most important thing and, also, to 
separate good and truthful information from nonsense kind of informa
tion when interpreting, for example, maps or charts. That is why critical 
media literacy will kind of make them (students) see the forest (and not 

Table 1 
Teachers’ perceptions of the significance of geomedia.  

Main theme Sub-theme Descriptor n =
16 

Significance of 
geomedia 

Multidisciplinary conceptual 
tool 

Increase in location-based and multidisciplinary information in school and life requires an umbrella concept, 
such as geomedia. 

9 

Critical literacy and 
interpretation 

Information and multimedia content overflow, including for geomedia, requires critical literacy and 
interpretation skills 

4 

Common knowledge Geomedia reinforces common knowledge in times of information and multimedia content overflow 3  
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the trees). So, it is not always the technical implementation but more 
about the interpretation. (Teacher 5, USS) 

The examples above clearly show that Teachers 2 and 5 value the 
students’ ability to interpret various kinds of data and information in 
their daily encounters with geomedia and other kinds of media over 
technical performance. The excerpts also reveal that Teachers 2 and 5 
are concerned about their students’ ability to critically evaluate infor
mation and, thus, their critical geomedia literacy. The current 
technology-driven way of life demands technological competences, but 
the current information-intensive society also profoundly influences 
what teachers see as significant in geomedia teaching. 

5.1.3. Significance of geomedia in enhancing common knowledge 
Finally, the teachers highlighted the significance of geomedia 

because it provides students with common knowledge. However, com
mon knowledge was seen as significant within different perspectives, as 
seen in the excerpts below. 

It (geomedia) is very important because we need to get the common 
knowledge back, which does not happen only through social media and 
the yellow press (tabloid), but we should get the facts-based interpreting 
back. One cannot only shout some half-truths behind fake news. So, I 
think it (geomedia) is the most important thing regarding common 
knowledge, and that is why I invest so much in geomedia and interpreting 
and producing it. (Teacher 12, USS) 

It (geomedia) would probably broaden students’ understanding and 
ability, for example, to apply information from the news and from what 
they learn to history and social studies. It (geomedia) is a kind of 
compiling and brings common knowledge and broad-mindedness so that 
one can connect things with one another. (Teacher 6, LSS) 

As seen from the excerpts above, for Teacher 12, the common 
knowledge gained through geomedia is significant because it helps in 
distinguishing between facts and fiction. Whereas Teacher 6 values this 
common knowledge because it is beneficial for students’ understanding 
of the interconnectedness of things. 

Altogether, the teachers’ (3 and 8, 2 and 5, and 12 and 6) perceptions 
reveal how they justify the significance of geomedia from various 
viewpoints. However, all the perceptions above seem to relate to how 
students currently face unprecedented amounts of multidisciplinary 
information. Teachers have concerns about students’ competences in 
managing this and simultaneously maintaining a critical viewpoint. 
Hence, the significance of geomedia for teachers manifests in developing 
students’ critical multimedia, including geomedia, literacy and in 
enhancing students’ potential to face information overflow. 

5.2. Teachers’ perceptions of digital geomedia teaching 

Teachers’ perceptions of digital geomedia teaching were often 
closely related to the student perspective. The perceptions fell into two 
subcategories: those related to student comprehension and those related 
to students’ digital competences. 

5.2.1. Perceptions related to student comprehension 
The teachers’ perceptions related to student comprehension during 

digital geomedia teaching displayed, foremost, the need to understand 
the logic behind digital tools, applications, and software. The teachers’ 
descriptions also included the measures they had taken to promote 
student comprehension. 

We start with (for 7th graders, the first grade in LSS) the making of charts 
with paper (and pen) so that they (students) begin to understand the axes 
and other elements (of charts), and then, we move on to easy digital 
charts. And with students in the 8th grade, I have the first easy pie chart 
done, and that begins their learning about how to double-click. (Teacher 
3, USS/LSS) 

Teacher 3’s perception above reveals that students should begin the 
production of geomedia on paper and only move forward to digital 
production after understanding the elements of charts. The exercises 
performed on paper are seen as more supportive of students’ deep un
derstanding than digital geomedia tools as students begin to learn to 
produce and present digital geomedia. 

Teacher 6, who has a great deal of experience with having students 
complete exercises with digital geomedia, had also turned back on 
having students complete exercises on paper to better promote student 
comprehension. 

[…] for many years now, we did everything digitally. For example, we 
named ready colored agriculture areas, drew ocean currents, and colored 
the fishing grounds (on computer), but they did not get the connection to 
it. The problem was that it was also quite hectic, that you have many tabs 
open, and you must surf between them, so you do not get the big picture 
there, and that is a minus. […] I have returned to the paper version. I gave 
them a paper version of a world map, and they located the agricultural 
areas, ocean currents, and fishing grounds. They did all that on the same 
map, and they performed in a totally different way (better than earlier) on 
the exam. (Teacher 6, USS) 

Teacher’s 6 perception above reveals how having multiple tabs open 
on computer screen seems to lessen students’ understanding of the big 
picture and diminish their comprehension. Therefore, the teacher’s 
pedagogical choice in this case was to return to completing the exercise 
on paper. This proposes that returning to completing exercises on paper, 
in some cases, supports students’ better understanding of subject con
tent knowledge. In contrast, it was not revealed how this reconsideration 
influenced the development of the students’ digital geomedia 
competences. 

Furthermore, digital geomedia teaching was also a strong value 
choice, as indicated by the measures the teachers (e.g., 14) reported that 
they were willing to take to support students’ comprehension regarding 
how to produce digital geomedia. 

I have kind of accepted the fact that even though it would take an 
incredibly long time to make the students understand the secrets of Excel. I 
have had the hidden agenda that we, at least once in our lifetimes, use 
Excel, which is, anyway, still a basic tool. Somehow beginning to un
derstand it is kind of essential. So, in a way, you must make quite a big 
value choice there. (Teacher 14, LSS) 

Table 2 
Teachers’ perceptions of digital geomedia teaching.  

Main theme Sub-theme Descriptor n =
16 

Digital geomedia 
teaching 

Perceptions related to student comprehension Comprehending the use of digital geomedia requires practice in digital program management 7 
Perceptions related to students’ digital 
competence 

Students’ diverse digital competence levels complicate teachers’ work allocation and time 
management 

9  
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The example emphasizes how teachers (3, 6, and 14) value student 
comprehension as the most elementary part of using and producing 
digital geomedia. In reflecting on what measures they had taken, some 
teachers reveal that they feel accountable for making students under
stand how digital geomedia can be used and produced. The efforts 
teachers were willing to make also reveal that learning how to use some 
digital tools is seen as essential for students’ everyday lives in the future. 

5.2.2. Perceptions related to students’ digital competence 
The teachers’ perceptions of students’ digital competence related to 

digital geomedia were ambiguous, suggesting that what was expected 
from the students was not always coherent. The following two teachers’ 
excerpts (4 and 16) reveal students’ challenges using professional digital 
geomedia. 

[…] many of the upper-secondary school students find it (QGIS; free 
open-source map-making application) confusing that the range of possi
bilities is so wide. […] They do not have the patience, and they think that 
they can skip the interphases[…] I have said to them that all assignments 
must have some kind of map, and they do the maps in a variety of ways. 
For example, I have said that a screenshot from Google Maps is enough. 
You do not have to do it by yourself (with QGIS). So, in that way, I have 
made it easier and said that using the geographic information programs is 
not mandatory to lower the threshold to participate in the course. 
(Teacher 4, USS) 

I am always surprised by how weak upper-secondary school students are 
in using Excel and that there are such large differences between students. 
For others it is like, ‘Yes, we did this every day in lower secondary school,’ 
and the others are like, ‘What is Excel?’ (Teacher 16. USS) 

The abovementioned examples reveal how the use of professional 
map-making applications is considered difficult and confusing from the 
students’ point of view. For this reason, Teacher 4 had decided to 
moderate the requirements. Teacher 16, taking the teacher’s point of 
view, is confused by students’ lack of digital competence (in Excel). 
These perceptions, followed by concerns about students lacking 
patience, as well as the varying levels of student digital competence, 
revealed the complexity of digital geomedia teaching. Teachers must 
adapt to the student and teacher perspectives and the difficulties faced 
by students as well as their weaknesses. Finally, teachers must adapt by 
moderating requirements to students’ varied levels of digital compe
tence during geomedia teaching. 

On the other hand, the following excerpt reveals a perception of 
students’ digital competence that was more confident in that Teacher 5 
claims that students could produce digital geomedia (here, charts). 

I have noticed that the students can do [things] digitally. They master the 
drawing of charts, but they cannot interpret those charts. So, in a way, 
things have moved ahead with digital, but when one must interpret the 
charts, which they can find from different media, they will just have a look 
and say it looks nice, and they know the different elements, like the title 
and x- and y-axes, but they cannot interpret it. (Teacher 5, USS) 

However, Teacher 5’s concern over students’ lack of interpretation 
skills brings forth that students have only cursory critical geomedia 
literacy skills. According to Teacher 5, the students may assume that 
technical performance is sufficient in producing and presenting digital 
geomedia, leaving the students without the skills needed to critically 
interpret either self-generated or other digital geomedia. 

According to the teachers 4, 16, and 5, students’ digital competence 
is challenged by the plurality of digital geomedia. Professional digital 
geomedia tools and applications (e.g., QGIS and Excel) may be too 
difficult for some students. However, in the case of some teachers, the 
moderation of requirements showed how teachers’ pedagogical choices 
may be beneficial for students’ use of digital geomedia. On the other 
hand, some teachers are more concerned about students’ lack of inter
pretation skills regarding student-generated presentations of digital 

geomedia. 

6. Discussion 

In this study, we examined geography teachers’ perceptions of the 
significance of geomedia and digital geomedia teaching. Despite the 
national context of our study, we believe that our results will resonate 
with and contribute to the wide international audience for teaching and 
teacher education research. Our findings revealed an inconsistency in 
teachers’ perceptions of what geomedia teaching is (see also Nilsson & 
Bladh, 2020). To a degree, this coheres with previously raised concerns 
(see Hilander, 2017) that the introduction of the concept of geomedia 
into the curricula for basic education (FNBE, 2016a) and 
upper-secondary school (FNAE, 2020; FNBE, 2016b) did not provide a 
sufficiently clear explanation of what geomedia is. For this reason, 
teachers are still, to some extent, struggling with making sense of what 
geomedia is and how to teach with it. In what follows, we discuss some 
of the observations stemming from teachers’ perceptions in terms of the 
implications for geomedia in teacher education. 

First, the teachers’ perceptions revealed that conceptually appre
hending the growth of location-based information requires geomedia. 
Previous studies (Atteneder & Herdin, 2020; González, 2012) have 
shown that geomedia can be beneficial in teaching multidisciplinary 
themes, whereas the teachers’ perceptions in this study showed that 
geomedia was also appreciated as a multidisciplinary tool that can help 
students conceptualize a plethora of location-based information. 
Furthermore, the perceptions of significance attached to critical literacy 
and interpretation revealed teachers’ concerns about students’ critical 
geomedia literacy competences. Teachers valued the interpretation 
skills of geomedia in critically evaluating the flow of constant infor
mation, data, and digital content. As in previous studies (see Fernán
dez-Batanero et al., 2022; Gryl et al., 2014; Schulze et al., 2015), the 
teachers in this study also regarded technical skills and performance as 
secondary as compared to interpretation skills. Lastly, the teachers 
valued geomedia, as it provides common knowledge, which was seen as 
essential in distinguishing facts from fiction and understanding how 
things are interconnected. 

Interestingly, the findings reveal how all the perceptions of the sig
nificance of geomedia arose from concerns over students’ critical man
agement of geographic information overflow. Therefore, it can be 
assumed that the meaning of geomedia for teachers is deeply embedded 
in the way in which it helps students critically confront an information- 
intensive world. This finding is significant for teachers and teacher ed
ucation internationally because it clearly shows how geomedia can be 
implemented in geography teaching to enhance students’ critical liter
acy (see Gryl et al., 2014; Vogler et al., 2012). Additionally, what is 
substantial in teachers’ perceptions about the significance of geomedia 
is that none of the subcategories found or the teachers’ perceptions 
revealed meanings attached to using, producing, or presenting digital 
geomedia. Digital geomedia competences were referred to only to note 
that they are not as important as interpretation skills. However, the 
Finnish curricula (FNBE, 2016a; FNAE, 2020; see also Vuorikari et al., 
2022) expect both elements: critical evaluation when gathering infor
mation and the skills needed to use and produce geomedia when pre
senting information. Thus, teachers’ perceptions of the significance of 
geomedia reflect incongruities with the expectations of the curricula. 

Second, teachers’ perceptions of digital geomedia teaching clearly 
show that they express their perceptions of it from students’ points of 
view. The findings related to student comprehension revealed that some 
teachers regard the students working on paper first as essential in pro
ducing digital geomedia and supporting student comprehension. 
Consequently, when implementing geomedia, including geospatial 
technologies, there is still a need for the parallel use of both digital and 
paper maps. Furthermore, the findings indicated that sometimes 
teachers were willing to push the limits of the measures they took to 
teach digital geomedia if they saw it as very significant for students’ 
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comprehension. These are promising findings because they demonstrate 
that the teachers in this study could proficiently alternate between 
geomedia sources in their teaching to support student learning and 
comprehension. However, maintaining the balance between imple
menting digital and other geomedia, as well as determining how much 
time is devoted to teaching different digital technologies, is not neces
sarily clear for teachers. So, even if the teachers recognise the benefits of 
using geomedia for student learning (Anunti, 2020; Anunti et al., 2023; 
Nilsson & Bladh, 2020), they are still unaware of how to consistently 
implement geomedia in their teaching. This calls for a more precise 
definition of geomedia competences in the educational context. Thus, 
critical evaluation of the sources of digital geomedia and the compe
tences needed to use digital geomedia equipment should be specified. 
This would allow students globally to achieve the critical geomedia 
literacy and the digital geomedia competences required in a digitalized 
and information-intensive society. Additionally, the significance of in- 
and pre-service teacher education in this matter is essential because the 
national curricula (FNAE, 2020; FNBE, 2016a) do not seem to provide 
sufficient guidance on this matter. 

Furthermore, the teachers’ perceptions related to students’ digital 
competences were more diverse and, in some cases, even contradictory. 
The findings displayed how digital geomedia teaching was complex 
because of students’ different levels of digital competence (Hatlevik 
et al., 2015) and because of their lack of patience when using digital 
geomedia. For this reason, teachers had to moderate and differentiate 
their digital geomedia teaching. Especially in the case of using profes
sional map-making tools, the requirements had to be moderated. So, the 
use of professional tools, such as QGIS, in upper-secondary schools can 
be questioned. For example, what is the level of digital competence 
required in schools if the digital competence demanded generally only 
involves searching, evaluating, and managing data, information, and 
digital content (Vuorikari et al., 2022)? Still, the use of professional 
map-making tools in secondary education is strongly advocated by some 
researchers (Curtis, 2019; Osborne et al., 2020). Nonetheless, for teacher 
education, these findings clearly suggest that future teachers should be 
prepared to moderate and differentiate their digital geomedia teaching. 
According to Nagel et al. (2023), this would require that in teacher 
education the didactical digital, profession-oriented digital, and trans
formative digital competencies should be advocated. Here, didactical 
digital competence refers to digital competence in subject teaching, 
profession-oriented digital competence refers to the digital re
sponsibility for and awareness of changes in one’s subject and trans
formative digital competence refers to the ways needed to transform 
one’s teaching practices by choosing appropriate digital tools. 

Unlike previous research, which has revealed teachers’ uncertainty 
in adapting or implementing digital technologies in their teaching 
(Curtis, 2019; Fraillon et al., 2020), the teachers in this study did not 
describe such experiences with digital geomedia, implying the 
achievement of digital-technology-related teaching skills (Sailer et al., 
2021). Even though Curtis (2019) maintains that there is a gap between 
the desired instructional use of geospatial technology (the more tech
nological aspect of digital geomedia) and teachers’ preparation to meet 
these expectations, our findings did not reveal such a gap. However, this 
does not mean that such a gap does not exist in the Finnish context; 
rather, our study revealed that teachers are more concerned about stu
dents’ geomedia competences related to critical geomedia literacy than 
their own digital competences in digital geomedia teaching. 

Third, the significance teachers place on geomedia somewhat con
tradicts their perceptions of digital geomedia teaching. When the 
teachers described their perceptions of geomedia teaching, they rarely 
reported the aspects of geomedia that they saw as significant in their 
teaching. Apparently, teachers do not perceive digital geomedia as a 
means of advancing the significant aspects of geomedia teaching; rather, 
they focus on technical skills, as highlighted by Vajen et al. (2023), and 
making students understand how the technical side of geomedia works. 
Thus, even though the teachers take the learner-centred approach 

(Admiraal et al., 2017) in their digital geomedia teaching, the focus on 
technical skills may diminish digital geomedia variety and its benefits in 
teaching. 

These incongruities demand the attention of the international 
teacher education community. There is clearly a need for discussion 
about what should be emphasized in teaching geography and other 
subjects with digital geomedia. Teachers seem to have many kinds of 
thoughts about what to teach and how to teach it, which relate to the 
curriculum-making discussion (cf. Curtis, 2019). To avoid too strict 
guidance on the part of the curricula and too loose guidance leaving 
teachers unaware of whether to emphasize the teaching of technical 
skills or the critical interpretation of multimedia content, the discussion 
should be directed towards what we see as significant in teaching ge
ography. According to the geography teachers in this study, technical 
skills should be taught, but critically interpreting multidisciplinary 
geomedia content seems to be more significant. Therefore, we recom
mend that the incongruities mentioned above should be addressed in 
teacher education internationally by offering teachers examples of the 
appropriate implementation of geomedia, in which there is a balance 
between teaching technical skills and teaching critical interpretation. 

Furthermore, because the significance that teachers attached to 
geomedia suggests that teachers have concerns about the information 
overflow that students must cope with, we propose that the broader 
definition of geomedia should be used in teaching (Fast et al., 2018; Gryl 
et al., 2014; Gryl & Jekel, 2012). By this, we mean that in educational 
use, geomedia should include many kinds of geographically referenced 
information, tools, applications, and software to expose students to them 
in the early years of basic education and to increase their understanding 
of the possibilities of geomedia. Likewise, we propose that in interna
tional pre- and in-service teacher education, teachers should encounter 
and practice the use, production, and presentation of geomedia as 
broadly as possible to support them in choosing the most relevant 
sources of geomedia for their teaching (see also Curtis, 2019; Nilsson & 
Bladh, 2020). 

Finally, we would like to address the limitations of this study. We 
acknowledge that this is a small-scale, qualitative, and regional research 
project and that the findings are not generalizable. The teachers who 
voluntarily participated in our study are not representative of all geog
raphy teachers in national or international contexts. For this reason, 
there is always a possibility that with different participants, the findings 
might have been different. The findings presented here, however, shed 
new light on teachers’ perceptions of the significance of geomedia, 
especially teaching with digital geomedia. To ensure the validity of our 
study, we provided rich and descriptive data to allow readers under
stand the perceptions described in this study and make their own de
cisions about the transferability of the findings to similar contexts 
(Cresswell & Miller, 2000). 

7. Conclusions 

This study revealed that teachers associated the significance of 
geomedia with its potential to support students’ critical literacy, espe
cially the interpretation of information, data, and digital content. The 
teachers viewed geomedia as significant, as contemporary digital society 
presents extensive amounts of information, which students must be able 
to manage. For this reason, the teachers appreciated interpretation skills 
more than the technical management of geomedia. This implies that 
geomedia should be utilized in geography education to support stu
dents’ critical literacy in both regional and global respects. Furthermore, 
teachers’ perceptions related to digital geomedia teaching were firmly 
attached to students’ points of view, including students’ comprehension 
and digital competence. The findings showed that teachers were willing 
to make efforts and change their geomedia teaching to support students’ 
comprehension of how to produce and present digital geomedia. Finally, 
the teachers’ perceptions of students’ digital competence were diverse, 
indicating that teachers are required to moderate and differentiate their 
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digital geomedia teaching. Therefore, the diversity of content and 
teaching methods that teachers are required to manage when teaching 
with digital geomedia should be also included in the geography di
dactics course contents of teacher education internationally. 

Based on the findings presented in this study, we can conclude that 
the educational use of geomedia requires clear definitions and guide
lines for teachers of different subjects about how to benefit from the 
implementation of geomedia. This conclusion relates directly to the 
ongoing discussion of curriculum implementation and development 
globally, as it calls into question whether the guidance offered is suffi
cient when introducing a new concept into the national curriculum. Our 
conclusion, thus, extends and enhances the global development of 
curricula in their national contexts, as well as international teacher 
education, because it calls attention to maintaining support for teachers 
when introducing new concepts into the curricula. Based on our find
ings, we also conclude that students, teachers, and teacher educators 
should be provided with clear instructions about how to use both digital 
and other geomedia. Finally, teachers should be allowed to make use of 
the pedagogical potential of digital and other geomedia to ensure the use 
of relevant practices that foster both teachers’ professional development 
and student competences. Therefore, geography teacher education, 
internationally, should embrace the new and innovative concept of 
geomedia and strive to develop its use. 

Funding 

This research was a part of CRITICAL consortium, funded by The 
Strategic Research Council of Finland [grant number 335625; work 
package grant number 335730]. Additionally, the work of Sonja Lutovac 
has been funded by the Research Council of Finland [grant number 
332232] and the work of Petteri Muukkonen has been funded by Uni
versity of Helsinki, Teachers’ Academy. 

CRediT authorship contribution statement 

Anne Pellikka: Writing – original draft, Formal analysis, Concep
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Appendix 1 

Interview 

0–15 min: Background questions.  

- Age levels of the students you teach  
- Language of instruction  
- Other subjects you teach  
- Years of teaching experience  
- Teaching experience at different grade levels  
- Major subject in university  
- Number of credits of geography studies  
- Number of credits of geoinformatics studies  
- Number of credits of education studies 

15–30 min: the importance of geomedia teaching and the concept of 
geomedia  

- The significance of geomedia teaching in the teacher’s opinion  
- Understanding the concept of geomedia (how you understand 

yourself)  
- The usefulness of teaching the geomedia concept according to one’s 

own understanding  
- Understanding the concept of geomedia (how students understand) 
- How are the following concepts used and understood in the class

room: geographic information, spatial information, data, material, 
map and analysis? 

30–45 min: Amount of geomedia teaching, different geomedia and, 
digital geomedia.  

- Amount of geomedia teaching  
- What geomedia do pupils/students use in their studies and in their 

free time?  
- Is there an emphasis on some form of geomedia  
- Tell about your digital geomedia teaching 

45–60 min: Geomedia teaching resources.  

- Temporal resources for geomedia teaching  
- Availability of training, availability of other support  
- Device resources  
- Software and tool resources  
- Material resources  
- Variation among colleagues (within the school/municipality, 

nationwide) 

60-75 in: Teaching methods and materials.  

- Teaching methods (what works, what doesn’t work) 
- Geomedia teaching context: Is geomedia taught separately or inte

grated into the theme? For which themes in particular?  
- Learning materials (availability, quality, do you produce yourself) 

75–90 min: Challenges, mistakes.  

- Challenges/eases of teaching  
- The most common mistakes/misconceptions 

90–105 min: Skills and skill levels.  

- What should you know? What is most important?  
- How does the teacher separate skills (use vs. production, hierarchy of 

skills?)  
- Students’ skills? On average and differences?  
- What are the reasons for the level and differences? 

105-120 n: Development ideas and needs.  

- What are the biggest gaps/challenges/slowdowns?  
- What would a teacher need most to support geomedia teaching?  
- How would the threshold be lowered? 
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Virranmäki, E., Valta-Hulkkonen, K., & Rusanen, J. (2019). Powerful knowledge and the 
significance of teaching geography for in-service upper secondary teachers–a case 
study from Northern Finland. International Research in Geographical & Environmental 
Education, 28(2), 103–117. https://doi.org/10.1080/10382046.2018.1561637 

Vogler, R., & Henning, S. (2013). Providing geomedia skills beyond (post)secondary 
education. In T. Jekel, A. Car, J. Strobl, & G. Griesebner (Eds.), GI Forum 2013 
creating the GISociety – conference proceedings (pp. 317–327). 

Vogler, R., Henning, S., Jekel, T., & Donert, K. (2012). Towards a concept of spatially 
enabled learning. In T. Jekel, A. car, J. Strobl, & G. Griesebner (Eds.), GI_Forum 2012: 
Geovisualization, society and learning (pp. 204–211). Wichmann: Berlin/Offenbach.  

Vuorikari, R., Kluzer, S., & Punie, Y. (2022). DigComp 2.2: The Digital Competence 
Framework for Citizens - with new examples of knowledge, skills and attitudes. 
Luxembourg: Publications Office of the European Union. https://doi.org/10.2760/ 
115376 

Walan, S. (2020). Embracing digital technology in science classrooms—secondary school 
teachers’ enacted teaching and reflections on practice. Journal of Science Education 
and Technology, 29(3), 431–441. https://doi.org/10.1007/s10956-020-09828-6 

Wilken, R. (2018). The Necessity of Geomedia. Understanding the significance of 
location-based services and data-driven platforms. In K. Fast, A. Jansson, J. Lindell, 
L. R. Bengtsson, & M. Tesfahuney (Eds.), Geomedia studies: Spaces and mobilities in 
mediatized worlds (pp. 21–40). New York: Routledge.  

Wolff-Seidel, S., & Budke, A. (2022). Self-assessment of students of geography education 
and primary social and science teaching towards the use of digital (geo-) media for 
written and oral argumentation. European Journal of Investigation in Health Psychology 
and Education, 12, 516–533. https://doi.org/10.3390/ejihpe12060038 

A. Pellikka et al.                                                                                                                                                                                                                                

http://jultika.oulu.fi/files/isbn/isbn978-952-62-3832-6.pdf?sequence=1&amp;isAllowed=y
http://jultika.oulu.fi/files/isbn/isbn978-952-62-3832-6.pdf?sequence=1&amp;isAllowed=y
https://doi.org/10.1080/10382046.2023.2183549
https://doi.org/10.1080/10382046.2023.2183549
https://terra.journal.fi/article/view/75119
https://terra.journal.fi/article/view/75119
https://doi.org/10.33403/rigeo.741299
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref6
https://doi.org/10.17646/KOME.75672.54
https://doi.org/10.1080/10382046.2020.1749756
https://doi.org/10.1080/10382046.2020.1749756
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref9
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref9
https://doi-org.pc124152.oulu.fi:9443/10.1191/1478088706qp063oa
https://doi-org.pc124152.oulu.fi:9443/10.1191/1478088706qp063oa
https://doi.org/10.1080/2159676X.2019.1628806
https://doi.org/10.1080/2159676X.2019.1628806
https://doi.org/10.1080/14780887.2020.1769238
https://doi-org.pc124152.oulu.fi:9443/10.1188/14.ONF.545-54
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref14
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref14
https://doi.org/10.1080/00221341.2017.1374990
https://doi.org/10.1080/00221341.2017.1374990
https://doi.org/10.1207/s15430421tip3903_2
https://doi.org/10.1080/00221341.2018.1544267
https://doi.org/10.1080/00221341.2013.846394
https://doi.org/10.1080/00221341.2013.846394
https://data.europa.eu/doi/10.2766/569540
https://data.europa.eu/doi/10.2766/569540
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref20
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref20
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref20
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref21
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref21
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref21
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref21
https://doi.org/10.1080/02619768.2020.1827389
https://doi.org/10.1080/02619768.2020.1827389
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref23
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref23
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref23
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref23
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref24
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref24
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref25
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref25
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref25
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref25
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref26
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref26
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref26
https://doi.org/10.3390/su14074042
https://doi.org/10.3138/carto.47.1.18
https://doi.org/10.3138/carto.47.1.18
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref29
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref29
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref29
https://doi.org/10.1111/jcal.12065
https://helda.helsinki.fi/handle/10138/231868
https://helda.helsinki.fi/handle/10138/231868
https://helda.helsinki.fi/server/api/core/bitstreams/c3007160-f525-427c-8c9a-ba9ec39a10c9/content
https://helda.helsinki.fi/server/api/core/bitstreams/c3007160-f525-427c-8c9a-ba9ec39a10c9/content
https://doi.org/10.1080/00221341.2020.1761430
https://doi.org/10.1080/00221341.2020.1761430
https://doi.org/10.30677/terra.120326
https://doi.org/10.3402/edui.v4i2.22071
https://doi.org/10.1080/1472586X.2011.548485
https://doi.org/10.1080/00405841.2012.636324
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref38
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref38
https://terra.journal.fi/article/view/121685
https://terra.journal.fi/article/view/121685
https://doi.org/10.1016/j.tate.2023.104238
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref41
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref41
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref41
https://doi.org/10.1787/c74f03de-en
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref43
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref43
https://doi-org.pc124152.oulu.fi:9443/10.1080/00221341.2019.1640271
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref45
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref45
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref45
https://doi.org/10.1016/j.tate.2021.103346
https://doi.org/10.1080/03098265.2015.1048506
https://doi.org/10.1080/03098265.2015.1048506
https://tenk.fi/sites/default/files/2021-01/Ethical_review_in_human_sciences_2020.pdf
https://tenk.fi/sites/default/files/2021-01/Ethical_review_in_human_sciences_2020.pdf
https://doi.org/10.1016/j.tate.2022.103972
https://doi.org/10.1080/10382046.2018.1561637
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref51
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref51
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref51
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref52
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref52
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref52
https://doi.org/10.2760/115376
https://doi.org/10.2760/115376
https://doi.org/10.1007/s10956-020-09828-6
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref55
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref55
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref55
http://refhub.elsevier.com/S0742-051X(24)00139-2/sref55
https://doi.org/10.3390/ejihpe12060038


Teaching and Teacher Education 144 (2024) 104607

10

Anne Pellikka PhD is university researcher at the Department of Geosciences and Ge
ography, University of Helsinki, Finland. Her research interests are in the fields of geog
raphy education and teacher identity development in initial teacher education and in the 
context of science teaching. 
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